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Exercise A, Question 1

Question:

2

Whenever a numerical value of g is required, takle g=%8m =

& patticle iz projected with speed 35m s at an angle of elevation of 607 Find the
time the particle takes to reach itz greatest height

Solution:

Eesolving the initial velocity vertically
R(T) u, =35¢n60°
v o=39:6n b0 v=0a=-98:="7

v =itk
0 =35:n60"—9 %
_ 35sn 60"

=30%2. =31
The time the particle talces to reach its greatest height 15 3.1 (2 5.7

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com


http://www.kvisoft.com/pdf-merger/

Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 2

Question:

A ball is projected from apoint 5 m above horizontal ground with speed 18m s * at

an angle of elevation of 40° . Find the height of the ball above the ground 2 ¢ after
projection.

Solution:

Eesolving the initial velocity vertically

R(1} u, =18sin40°

2 = 18:sind0’ a=-98:=245="7
5 =uf +%aﬁ2
= 185in40" % 2—4.9x 2
=3540.. =35
The height of the ball above the ground 2 s after projection iz (3+3 I m=585m

(2 5.£).
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Exercise A, Question 3

Question:

A stone 1s projected horizontally from a point above horizontal ground with speed
32m . The stone takes 2.5 ¢ to reach the ground. Find

a the height of the point of projection above the ground,

b the distance from the point on the ground vertically below the point of projection
to the point where the stone reached the ground.

Solution:

Eeszolving the initial velocity horizontally and wertically

R(=) u, =32
Ry w, =0

e T O S R
5 =uz+%m‘.2
=0+49%25 =30625= 31

The height of the point of projection abowe the ground 1s 31 m (2 z.1).
b
RE{—) distance = speed = time
=32x2.5=250

The horizontal distance moved 13 80 tm.
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Exercise A, Question 4

Question:

A projectile is launched from a point on horizontal ground with speed 150m s™' at an

angle of 10° to the horizontal. Find

a the titne the projective talkes to reach itz highest point abowe the ground,
b the range of the projectile.

Solution:
Eesolwing the initial velocity horizontally and vertically

R(—=) u,=150c0s10°
R(T) u, =1505in10°

BT w=1505n10°v=0,a=-98:="

v =ut+al
0=150sin10" -9 8%
 150sind0®

= =2657 . =27

The time taken to reach the projectile’s highest point iz 2.7 5 (2 5.£).
b By symmetry, the time of flight 15 (2627 .. x2s5=5315__ 3.

E({—) distance = speed xtime
=150cos10° 5315
=785250 = 790

The range of the projectile 18 790 m (2 s.£).
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Exercise A, Question 5

Question:

A particle iz projected from a point O on a horizontal plane with speed 20m s ' at an

angle of elevation of 43" The particle mowves freely under gravity until it strilees the
ground at a point X Find

a the greatest height above the plane reached by the particle,
b the distance O

Solution:

Eezolving the initial velocity horizontally and vertically
R(—) u, = 20cos45 =102
BT u, =20sind5 =102

¥

BT uw =10-2,v=0,a=-98,5="7

Vo= + 2as

0 =200-196s
o200 B

5 —m—10.204... =10

The greatest height abowe the plane reached by the particle iz 10 m (2 2.£),
b To find the titne taleen to mowve from O to X

BTy s =0u=1042,a=-98¢="
= =ui+1§m‘.2
0 =104/2¢ — 4.9¢* = £{ 1042 — 4.9¢)

(£ = Dcorresponds to the point of projection.)

B

f =——=2886...
4.9

E(—) distance = speed * time

=102 x 2886 =40816_. =41
OX =41m (2:f)
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Exercise A, Question 6

Question:

A ball is projected from a point 4 on level ground with speed 24 m ¢!, The ball is

projected at an angle @ to the horizontal where sin @ =%1 . The ball moves freely
under grawity until it strikes the ground at a point & Find
a the time of flight of the hall,

b the distance from A to &

Solution:

; 4 3
H:_:. H:_
Ein 5 cos 5

Eesolving the initial velocity horizontally and vertically
E(—=) u, =24cosfi=144
R(T u, =24s5in0=192

¥

R(IY & =1928=0,a=-98:="7
5 :uz+1§acz2
0 =19.2t—4.9° =¢19.2-4.95

it = Dcotresponds to the point of projection.)

192 B
¢ —E—B.QIS... =39
The time of flight of the ball i 295 (2 2.1

b
Ei{—) distance = speed < time
=144x3 918, =56.424_ . =36
AB =56m (2:f)
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Question:

A particle is projected with speed 21m s at an angle of elevation o . Given that the

greatest height reached abowe the point of projection 12 15 m, find the value of o,
giving your answer to the nearest degree.

Solution:

Eesolving the initial velocity vertically and angle of elevation = o

R(T) u,=2lsinc

¥ =Z2lsmo,v=0s5=15ag=-%8
v =%+ 2as

0 =(2lsino)® —2x9.8x15
441sin* o = 294

.3 2 2 i 2y
sin” of _E_E:" gin o = |.§.|_D'816"'

of = 54 736" = 557 (nearest degree)
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Question:

A particle 15 projected horizontally from a point A which 1z 16 m above horizontal
ground. The projectile strikes the ground at a point B which 15 at a horizontal distance
of 140 m from A Find the speed of projection of the particle.

Solution:

R(l) u=0s=16a=98;:="7
s =u£+%a£2
16=0+409
R | i
£ =5=3265.. =:=1807...

Let the speed of projectionbew m s ',

Ei{—) distance = speed < time

140 =g = 1.807 .
wrn A s i
o= 1.80?_.__??'4?5"' =77

The speed of projection of the particle is 77m s ' (2 5.£).
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Question:

A particle F is projected from the origin with velocity (1214+24))ms ', whereiand j

are horizontal and vertical unit vectors respectively. The particle mowes freely under
gravity. Find

a the position vector of P after 3 g,

b the speed of P after 3 s

Solution:

Ei{—) distance = speed < time
=12x3=36

R(ly = =uz+%m‘.2
=24x3-49x3=2715
The position vector of P after 3 218 (361427 9m .
b

E{—) =z, =12 throughout themotion
BTy v=uta:
pE=de=g s oy

Let the speed of Pafter Z2sbe Fm st

Vi=ul4vi =122+ (-5.4) =173.16
=173.16 =13.155... = 13

The speed of Pafter 3sis 13m s (2s.£)
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Exercise A, Question 10

Question:

A stone is thrown with speed 30m s ! from a window which is 20 m above
horizontal ground. The stone hits the ground 3.5 s later. Find

a the angle of projection of the stone,

b the horizontal distance from the window to the point where the stone hits the
ground.

Solution:

Let & ke the angle of projection abowe the horizontal.
Eesolving the initial wvelocity horizontally and vertically
E(—=) w =30coso
R(D u, = 30sino

R(T) u=30sino,s=-20a=-98:=35

= =u£+la£2

2
—20 = 20sino x 3.5 -4 9% 3.5°
2
s SAXI Bl aimangron. .
30% 3.5

o =22407 " =22

The angle of projection of the stone 13 22° (2 5 £ above the horizontal
b
E{—) distance =speed < time
=30coscex25=97072. .
The horizontal distance from the window to the point where the stone hits the ground

1387 m 2 s
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Question:

A ball is thrown from a point O on horizontal ground with speed wm s ' at an angle
of elevation of @, where tan = % . The ball strilkes a vertical wall which 15 20 m
from O at a point which 15 3 m above the ground. Find

a the value of ©,

b the time from the instant the ball 15 thrown to the instant that it strikes the wall

Solution:

3 ; 3
=_= == g=_
tatn 7 S111 5,COS B

Eesolwving the initial velocity horizontally and vertically

Au
El—=)  u, =ucost=—
Iy
A

R(1) u,=usinf=2

E({—) distance = speed « time
20 :4—u/r,=t-£=E
5 u
Ry s=uf.+%ar.2

3=2-49 (1
L a5
substituting £=— into N

3w 35 252
3=x 40k

F=ouis Py l=200 —oss008,,
u

u=255.208...=15975__ =16

=16 (2sf)

b gt 25

== = 15649, =16

The time from the instant the ball 12 thrown to the instant that it strikees the wall iz
16 (2L
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Exercise A, Question 12

Question:

(5l + 4njim &1

[f72 this question, the uxit vectors 1 and ] are in a vertical plare 1 being horizontal
and ] being variical |

A particle F is projected from a point A with position wector 20) m with respect to a
fized origin ©. The velocity of projection is (5wl +4ujim s ', The particle moves

freely under grawvity, passing through a point &, which has position vector
(i +12)) m , where & 15 a constant, before reaching the point O on the x-axis, as

shown in the figure above The particle takes 4 5 to mowe from 4 to 5 Find
a the value of &,

b the value of I,
¢ the angle the velocity of F makes with the x-axis as it reaches O

Solution:
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BT = =m,+lc:uf2

2
B =duxd 494
_Amatz
= =44

E{—) distance =speed < time
E=tuxt=55x44x4 =353

¢ u,==>5x44=22 throughout the motion
Ay
BT v =u*+2as
Vi = (4u)* + 2% (-9.8) x (—20)
=16x4.4* +392=701.76

Let & be angle the velocity of P malees with Ox as it reaches O

S0 76 =104,

22

tan & =

= |‘e\-"_.

x

8 =50.125_..= 50"
The angle the velocity of & makes with Ox asz itreaches O iz 30° (22
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Exercise A, Question 13

Question:

I4m

A stone is thrown from a point 4 with speed 30m s ! at an angle of 15° below the

herizontal. The point A iz 14 m abowe horizontal ground. The stone strilees the ground
at the point £, as shown in the figure abowe. Find

a the time the stone talces to travel from A to 5,
b the distance 45

Solution:
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Eesolving the initial velocity horizontally and wertically

B(—) u, =30cosls
Ril) =, =30sin15

Rily w=30sin15"6=14,a=98,:="1
5 =uﬁ+%aﬁ2

14 =30sin 15 +4. 94
492+ 30801514 =0

Using the formula for solving the quadratic, (the negative solution can be ignored)

_ -30sin 15" +.f(900sin 15+ 4 x 14 4.9)
9.8

=10/ ..=11
The titme the particle talces to travel from A to Bi2 1.1 (2 2£)

E({—) distance = speed « time
=30cos1T x1.074

=31.136__.

AR =14 +(31.136..)* =1165.196._.
AB=34138.. =34

The distance A5 1z 34 m (2 2 )
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Exercise A, Question 14

Question:

A particle is projected from a point with speed 21m 57! at an angle of elevation
atd mowves freely under gravity, When the particle has moved a horizontal distance
x tn, its height abowe the point of projection iz ¥ m.

a  Show that y=xtanor — ————.
Mlcos o

b Given that ¥=28.1 when x =36, find the value of tancr .

Solution:

Eeszolving the initial velocity horizontally and wertically
B(—=) w, =2lcosc

R(T) u, =2lsinc
a R{—) distance =speedxtime

_ WOV |

r=21lcosxxi=F T
1

E(T s=ui+§a£2

¥y = 2lsinoe —%52

2

= 2lsino| =% |-4.9 |
\ 2loos o | | 2loos |
a e
= xtan o — ———— = xtan o — ———, as required
A4 cos* o A0 cos® o 1

1 2 2
b ——=secor=1+tan" o
COs" [F

Taing y=E81,x=36 and the resultin a

2
8.1=36tantt—%(]+tan2u)=36tant£—14.4(]+tan2tr.)

%10 and rearranging

144tan® o — 360tan x4+ 225=10
(=9 16tan” o —40tan o0 + 25 = (4 tan ot — 57 = 0

D
1:s1ntf—z1
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Question:

A projectile is launched from a point on a horizontal plane with initial speed wm s

at an angle of elevation o . The particle mowves freely under gravity until it strikes the
plane. The range of the projectile 13 X m

. : .. ;
a  Show that the time of flight of the particle is S seconds,

ulsin 2o

g

b  Show that 8=

¢ Deduce that, for a fixed w, the greatest possible range 15 when o =45°

2
d Given that & =25i . find the two possible values of the angle of elevation at
g
which the projectile could have been launched.

Solution:
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Eesolving the initial velocity horizontally and vertically
E(—=) u, =ucosc

R( ¥, =usno

R(y = =uz+1§m‘.2

0 =usintf£—%gﬁ2=£|:H5iﬂt-f—ljgfl|

(i =10 corresponds to the point of projection)

2usinee

1 ; .
g =usng == . a8 required

E(—) distance = speed < time

. 2 .
Jusinee _ w=dsine cos o
H=ucoscx - = ~

TTzing the trigonemetric identity sin 200 = 2s8in o cos of

< sin 2o

N

,as required

¢ The greatest possible value of sin 2o iz 1, which is when 20 =20" = o =45,

Hence, for a fixed u, the greatest possible range 15 when o =457

d

2u® wisin 2o . 2
o = T s and==
g g 5
2o o= 235787, 156422

o = 11797827

The two possible angles of elevation are 12° and 78" (nearest degree).
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Exercise A, Question 16

Question:

4 particle is projected from a point on level ground with speed um s * and angle of

elevation o . The mazimum height reached by the particle i3 42 m abowe the ground
and the particle hits the ground 196 m trom its point of projection

Find the value of o and the value of 2.
Solution:

Resolwing the initial welocity horizontally and wertically

RB(—=) w, =ucosz

E(Ty U, TusSnG
TTsing the maximum height 1z 42 m

BTy v =u? 4 2as
0=zu*sin’ o— 2gx42

wen*a=84g (1)

For the range

Ei(—) distance = speed < time
196

UCOF

196 =ucosxi = f=

(2
R(Ty = =m‘,+1§a£2

0 =usintfi—%gﬁz=il:usint-f—1§gi|

1 . Jusinee
—g.f=usmt3.f=:'.i=ﬂ (3
2 E
From (2) and (3)
196 _ Jugne
2 COs o E

wlsinotcosor = B8g (4
Diwiding (1) by ()
wisin® o _ Bdg
u’singcosa 98g

tan o =$ = o = 406" (nearest 0.17)

From (13
usino =, J(3dg)
= _34 DB 4408 =44 (2sf)
sin d0.6°
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Exercise B, Question 1

Question:

A particle 15 moving in a straight line. At time £ seconds, its displacement, x m, from a

fized point O on the line is given by x=2¢*— 8¢ Find
a the speed of the particle when ¢ =13,
b the magnitude of the acceleration of the particle when £ =2

Solution:
a
x=2 -5
v = i =61 -8
dt
When §=

1

b =d—v=12.ﬁ
e

When § =2,
a=12=2=24

The magnitude of the acceleration ofthe particle when £ =2 iz 24 ms .
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Exercise B, Question 2

Question:

A particle Fis mowing on the x-axs Attime 2 seconds, the velocity of F s
(842 —%" ms ! inthe direction of x increasing. At time £ =0, Fis at the point
where x =4 Find

a the magnitude of the acceleration of F when 1 =3,

b the distance of F from & when £ =1.

Solution:

v= 8+ -3
X
d
TWhen £=3,
2—6x3=-16

The magnitude of the acceleration of P when £=3 iz 16m s~

b

= jvdf,
=% +£ —f +c, where ¢ is a constant of integration.

When £ =0,x=4
d=0+0-0+c=0c=4
x=4+8+8 -8

When § =1,
r=4+8+1-1=12
The distance of F from O when £=11 12 m.
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Exercise B, Question 3

Question:

A particle F1s moving on the x-axis. At time £ seconds, the acceleration of F 1z
(16— 2¢1m s in the direction of x increasing The velocity of P at titne ¢ seconds is
vms

When i=0v=6 and when i =3 x=75 Find

a vinterms of £,

b the value of x when £ =0

Solution:

v = Jadz
=16t —£° +¢,where ¢ 13 a constant of integration.
When t=0v=06

E=0-04+c=c=0H
v =6+166—¢

x=Jvd.§
= 6t + 8 — §+E:, where & is a constant of integration.
When & =3, x=75
75=6x3+8x9- 2L +k
E=T5-18-T2+%=-4%
x=6.¢+833—§—6
When t =10,
r=0+0-0-6=-5
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Exercise B, Question 4

Question:

& particle P is mowving on the x-axs Attime ¢ seconds (where £ 200, the velocity of
Pis vm s inthe direction of x increasing, where v=12—z—£*.

Find the acceleration of P when P 1z instantanecusly at rest.

Solution:

Pz at rest when v=10

0=12-¢-¢
P12 = +hHiE-H=0
t=-43

Ag 206 =-4 15 rejected.

e

=—1-2

=

“When £=3,
ag=—-1-2x3=-7

The acceleration of F when P comes to instantanecusly to restis 7ms * in the

direction of x decreasing.
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Exercise B, Question 5

Question:

A particle 15 mowing in a straight line. Attime ¢ seconds, its displacement, x m, from a
fized point O on the line is givenby x=4£ — 39 +120¢.

Find the distance between the two points where P is instantaneously at rest.

Solution:

x =4 =392 + 120

v = e =12.2 — 78 +120
d

Fiz atrest when v=10
1262 T8 +120= 6(252 —1%+200 =60 -0 —-41=10
=254

When F=2.5,
x=4(2.5)° —39(2.5)° +120% 25=11875
When =4,
=44 =39 +120 x4 =112
The distance between the two points where P 15 instantaneously at rest 13

(118775 -1120m =6"75m.
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Exercise B, Question 6

Question:

Attime ¢ seconds, where £ 20, the velocity vm ¢ | of a particle moving in a straight

line is given by v=12+7— 6. When £=0, P iz at a point O on the line. Find

a the magnitude of the acceleration of # when v=10,

b the distance of P from & when v=0.

Solution:
a When v=10,
124:—6:2 =10

682 —f—12= (2 -+ H=0
_ i 4
Lign o
Ag EED,£=—% 1z rejected.

a=£=1—12£
de

When £ = E
a =
The magnitude of the acceleration of P when v=0is 17ms*.

b

x=Jvdf.
1, 64 _ : .
=1E‘£+§.ﬁ —Eé +¢, where e 15 a constant of integration.
When : =0 x=0
0=0+0-0+ec=c=0
When r.=%,
2
x:12/1_5+%—2/1_53:12.3?5
The distance of F from & when v=01 12375 m.

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2

Edexcel AS and A Level Modular Mathematics
Exercise B, Question 7

Question:

A particle Fis mowing on the x-axis Attime 2 seconds, the velocity of F s
(d¢ —£*Ym s ! in the direction of x increasing, At time =0, Pis at the origin O. Find

a the value of x at the instant when ¢ = 0 and P is at rest,

b the total distance moved by P in the interval 0=2=5.

Solution:

a Fisatrest when v=10
v=4i—2=10
td—1 =10
Ly f=0,5=4
x= fwde

1.2
§£
TWhen £=0x=10

=Dt =i e

D=0-04+c=0=¢c=10

x=2£2—%33
When £=4
_ g &2
x=2x4 ?—10§
b When £=5
3
a 3_5 T
E=2x5 ?—8§

In the interval 0=£<5, moves to a point ]U% m from O and then returns to a point

B%m from &

The total distance mowved 13 IU%H:ID%—S%] =13m .
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Question:

A particle P is moving on the x-ams. At time ¢ seconds, the velocity of P s
(66 — 26:+15)m 57! in the direction of x increasing At time £=0, P is at the origin
). In the subsequent motion P passes through O twice. Find

a the two non-zero values of ¢ when P passes through O,

b the acceleration of P for these two values of £

Solution:

a

x= Jvdr.
= 2¢ —1%* +15% + ¢, where ¢ is a constant of integration.
TWhen £=0x=10

0=0-04+0+c=c=0
x=22 =132 +15t =226 -t -5)

When x=0 and{ 15 non-zero

_ 3
5—5,5
h
a=ﬂ=123—26
ot
3 3
"Whenr.=j,a=12/§—26=—8

The acceleration of Pis 8m s in the direction of x decreasing.
When t=5,a=12x5-26=34

Then acceleration of Pis 34m s in the direction of x increasing
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Exercise B, Question 9

Question:

A particle P of mass 0.4 kg is moving in a straight line under the action of a single
variable force F newtons. At time £ seconds (where ¢ 200 the displacement x m of F

. o i . .
from a fixed point &' iz givenby x=2¢ + P where & 15 a constant. Given that when
+

£ =10, the velocity of P1s fms ! find

a

the value of &,

b the distance of P from & when £=0,

¢

the magnitude of F when =3

Solution:

a

x= i+ k(+10!

v=E=2—k(ﬁ+1) ﬂzz—Lz
dt t+1)
When i =0v==56
& =2—£2==£:=—4
1
With £ =-4
x=2£—i
i+1
When £ =0,
=0_i=_4
0+1

The distance of F from & when i =0 154 m.

v=2-4(+1)"
a:gzgg 1)3: 8 :
de (£+1)

“When £ =3

8 1
[#) —Z?—g
5 =ma

=04/%=005

The magnitude of Fwhen ¢ =3 13 005
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Exercise B, Question 10

Question:

A particle P moves along the x-axis. At time £ seconds (where ¢ =0) the velocity of
is (3t =12t +51m = ! in the direction of x increasing. When £ =0, P iz at the origin
. Find

a the velocity of & when its acceleration 15 zero,
b the values of £ when F 1z again at O,

¢ the distance travelled by P in the interval 3=:=4 .

Solution:

a a=ﬁ=6z—12=0::£=2
e

When £ =2,
v=3x22_12x24+5=-7

The welocity of P when the acceleration iz zero is 7m s ' in the direction of x
decreasing,

s=J‘(3:3—12.z+5)d:
= -6t +56+C
When t=0,z=10

0=0-0404+0=0C=0
5=t —6f2 +5¢

Freturns to & when s=10

s=E = - 1)E—5) =0
gi=1 5

¢ When t=36=3-6x3+5x3=-12
When £=4,5 =4 —6x4* +5x4=—60
The distance travelled by F in the interval 3=¢=4 1248 m

(The solutions of v=3%*-12t+5=0 are approximately 7.79 and 0.21, so P does not
turn round in the interval )
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Exercise B, Question 11

Question:

A particle P moves in a straight line so that, at time £ seconds, its velocity vm s ' is

given by
I 4, 0=t<2

=4
15— e

l:‘-\.ml I

a oketch a velocity-time graph to illustrate the motion of 2
b Find the distance mowved by P in the interval 0=z=<5

Solution:

a

vimsh

11(5)

(% ——

0

b In the first two seconds F moves 2x4=8m

5= [vde = [(5-4e7)de
=5z—4”__f+c=5z+§+c

When #=2s=8
8=5x2+24C=12+C = C=—4
s=5t+2-4

When ¢ =25,
s=5x5+5-4=218

Tn the interval 0<: <5, Pmowves 21.8 m.
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Exercise B, Question 12

Question:

A particle P moves in a straight line so that, at time ¢ seconds, its acceleration,

ams -, is givenby
[6: -2, 022
a =
| 8-¢, ¢>2
When i =10 the particle 12 at rest at a fized point & on the line. Find
a the speed of P when :=2,
b the speed of P when £ =4,
¢ the distance from O to Fwhen £ =4

Solution:
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a ForD=i=2
v = J‘a A =j‘(6z—.z?)d:

= 33— %.63 +e, where ¢ 15 a constant of 1ntegrati on.
When i =0v=10

D=0-04c=c=10

R T
v =3f Eﬁ
When =2,
3
3 Y
v=3x2-y=o

The speed of Pwhen i =2 15 2_38ms k

b Fori=2,

v =Ja:df,=J(8—£)d£
2

= Bf—ljf +i, where kiz a constant of integration.
Frot a, when ¢ = 2,v=?
98 s B oo M4
?—16 j+»3:ﬁa¢: =
—oe 1, 14
v=2gf ji -
When i =4,

_2q_n_ 14 3E
v=32-5 T

The speed of Pwhen £ =4 is gms L,
¢ For0=¢=2,

1

i r/ 1 3} . ] ;
= Jvd.ﬁ = j | af §ﬁ3 |di =¢* —— ¢+ where { is a constant of integration

12
When i=0x=10
0=0-0+!/=i=0

When i=2,

_fais b an

=2-2=2 (O
Foréz=2,
x=jvdz=ﬂ8§—%fg—%]dz=4zz—éz3—%f+m,

whete mis a constant of integration.

From (1) above

When i=2,x=$
20 _ 2 .
?—16 z T+m=1~;=&1>3——
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Exercise C, Question 1

Question:

At time £ seconds, a particle F has position vector v m with respect to a fized origin
) where

r=(%-Di+ -4
Find
a the velocity of P when £ =3,

b the acceleration of & when £ =3.

Solution:

a v=r=3i+3° -4
TWhen £=3,
v=73i+23

The velocity of Pwhen =3 is (31+23 m s .

b a=v=4j
“When £ =3
a=13j

The acceleration of Fwhen =3 iz 18 ms™
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Exercise C, Question 2

Question:

A particle P is mowving in a plane with velocity vm s at time ¢ seconds where
v =i+ 2: - 3)j.
When i =0, Phas posttion vector (31+47)m with respect to a fizxed origin & Find

a the acceleration of F at time £ seconds,

b the position vector of F when £=1.

Solution:

a a=v=21+2]

The acceleration of P at time ¢ seconds (2A+2) ms >,

r=[vde = [(ffi+@e-3)i) de
Bind  moss
=§1+(f =3+ C

When i=0r=>"+43
A4+d=m+j+C =C=5351+4

Hence
fﬁE A
1~=|§+3|i+(:2—3:+4)j

When £ =1

R o
1 —3§1+2]
The position vector of Pwhen ¢ =1 iz |:3%i+ 2j:|m.
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Exercise C, Question 3

Question:

A particle P starts from rest at a fized origin & The acceleration of F at time
¢ seconds (where £ 2071z (6221 +(8— 4] m s . Find

a the velocity of F when £ =2,

b the position vector of P when £ =4

Solution:

v = [ade = (671 + (8- 48))) &
=281+ (& —tHj+C
When :=0,v=01+0j
0 +0j=0i+0j+C= C=0i+0]

Hence
v=201+(8—-Yj
When £=2

v=161+{8x 2-2"j=16

The velocity of Pwhen £=2 iz 16ims .

b

v de = 2+ (8- )i

-
Il
—

i+ [4s? —%55 lj+D

bl —

When i =0r=0i+0j
M+0j=01i+0+D=D=0+0j
Hence

r=%i+|i4z:‘—§j|j

When £ =4

1o | .,
1.:%iﬂ 4 42 —i |j =128i-104 .8

The position vector of P when ¢ =4 15 (1281 -104 Bjim
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Exercise C, Question 4

Question:

Attime i seconds, a particle P has position vector v m with respect to a fixed origin
() where

r =44 (24 — %Y.
a Find the speed of Pwhen =2

b Show that the acceleration of & 1z a constant and find the magnitude of this
acceleration.

Solution:

a v=r=8i+(24-6e)
When t=2
v=161+12
| v[F =162 +122 =400 = | v |= 4400 = 20
The speed of Pwhen =2 is 20m s
b a=v=H-§)
Az there iz no ¢ in this expression, the acceleration 13 a constant.
|aff=8° +(—5)2=100:|ﬂ|=m=10

The magnitude of the acceleration is 10m s 2.
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Exercise C, Question 5

Question:

A particle Fis initially at a fized origin & At time £=0, Pis projected from & and
moves so that, at time £ seconds after projection, its position vector 1 m relative to &

1z given by
r=( 120+ (4 —60)j. 12 0.
Find
a the speed of projection of P,
b the value of ¢ at the instant when & 15 moving parallel to J,

¢ the position wvector of & at the instant when & iz mowing parallel to j.

Solution:

a v=r={_%-12i+(8 -6
When =0,
v =-141—-6]
| v = (=12 + (=6 =180 = | v|=+/180 =645
The speed of projection iz 6J§m 5 4
b When F iz moving parallel to j the velocity has no 1 component
F12=0=f=d=:=2 (=20
¢ “When £=2
1= (2 —12x2)i+ 4= 2P —6x 2 =—161+4]

The position vector of P at the instant when P iz moving parallel to j iz (—161+4jim .
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Exercise C, Question 6

Question:

Attime ¢ seconds, the force F newtons acting on a patticle P, of mass 0.5 kg, is given

by

F=3a+(4-5
When £=1, the velocity of Pis 12im 5! Find
a the velocity of P after ¢ seconds,

b the angle the direction of motion of P makes withi when £ =35, giving your
answer to the nearest degree,

Solution:
a
F = ma
3+ (4t —5)j = 0.5a
a = 66 + (8 —10)j
v =J}.d.z=j(6zi (8 —10)j) de

=31+ (@ —108j+C
When i=1,v=121
12i=3-6j+C =C=9+6j
Hence
V= O -1+ 6
When £=5
v=(3%5" + Di+ @ x 5* —10% 5+ 6)j = B4i + 56j

b The angle v makes withi1s given by

L
tan 6= = 0~ 34

The angle the direction of motion of & makes with 1 when =23 15 34" (hearest
degree).
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Question:

A particle P is moving in a plane with velocity vm s attime ¢ seconds where
v= (3" + 2 + (& —4)j.
When i =2, Phas posttion vector %) m with respect to a fized origin & Find

a the distance of F from &' when £ =10,

b the acceleration of P at the instant when it 12 moving parallel to the vector i

Solution:

r = [vde= (3 +2i+ (6 iy
= (£ 4200+ (% —40j+A
When i=2,v=9
9j=121+4j+A = A= 121 +5j
Hence
=00 42— 12004 (3 -4+ 5)
“When £=0,
r =-12i+5
I[P = (=122 +5° = 169 =|r |=+/165 =13
The distance of P from & when (=013 13 m

b When P iz moving parallel to 1, v has no j component.

s il
& —4—0:&-3—§

a=v=~6&1+16]
When z=%,
a=Hh+6)
The acceleration of F at the instant when it is moving parallel to the wector 1 is

(446§ ms?.
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Exercise C, Question 8

Question:

1

Attime ¢ seconds, the particle P is mowing in a plane with wvelocity vm s and

acceleration am s, where
a=({2-4n+6)
Given that P is instantanesusly at rest when =4, find

a  vinterms of £,

b the speed of ¥ when £=15.

Solution:

a v= J}. A =J'((2:—4)i +6j)de = (2 — 48 +64+C
When i =4 v=0i+0j

0i+0j = (4" —4x )i+ 6x4j+C =24j+C= C=-24j

Hence
v=( =401+ (62 — 24)
b “When £=5
v =5+ 6j

| v[P=3+6 =61=|v|=61 =721
The speed of Pwhen £=5is 7.81ms ! (3 s.£).
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Question:
A particle P is moving in a plane. At titne ¢ seconds, the posttion vector of P, v m, 13
givenby
r =3¢ -6+ i+ (£* + k), where k is a constant.
When i =3, the speed of P1s 12—\.'{‘5_)111 a

a Find the two possible wvalues of &

b Forboth of these values of &, find the magnitude of the acceleration of P when
i=115.

Solution:

a  v=1={f—60+(3" +2k)]
When (=3
v=12i +(27+6k)j
| v =122 +(27+6k)? =(125)*
144 + 729 + 324k + 36k° =720
26k% + 324k +153=0
(=9
4+ 36k +17 = 2+ D2k +1T1 =0
k=-05-85
b Ifk=-05

v = (6t —6)+ (3 -0
a=v=6i+(6—1)

When £=1.5

a = 6i+8j
| al* =6*+8* =100=|a|=10
If k=-85

v = (6t — 0 +(% —176)]
a=v=F6i+(6:—17Y

When £=1.5

a=6i—8j
|aff =6*+(-8)°=100=]a|=10

For both of the values of & the magnitude of the acceleration of P when £ =15 15
10m s,
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Question:

Attime £ seconds (where ¢ =0, the particle F 13 moving in a plane with acceleration
ams?, where

a={%—-3n+{B-1)
When £=0, the velocity of Pis (2i—5m s ! Find
a the velocity of F after ¢ seconds,

b the walue of ¢ for which F i moving parallel to 1—3,

¢ the speed of P when it 12 mowing parallel to 1—3.

Solution:

Jade= [((5=3)i+ B -t
- i

-

. ] 2 | | _1 20 o

3 3fl|1+|l8f 7t .|5'+-

When f=0,v=21-3j
-5 =0i+0j+C = C=2i-5j
Hence

R TR P R T
v |_2: }+2.|1+|_8123 513

The welocity of F after ¢ seconds is i | %fﬂ %42 '|i +|' gf—%fg—j |] |m s

b The gradients of v and 1—j are equal

85—%3’*—5
A S S |
%32—35+2
85—%;2—5=—%32+33—2
28 +5-3=(2-D+3)=0
el
z—j,—B
Asiemios
c "‘-?\i"hen.§=1j
b Yol 4 gle 0 Ol
\«—II_E j+2_.|1+|._4 5 5,.“ z1-2]
a9V (9% _ (o} Y
[ v| —'.,g_J +|._—§!| =2 |._8_!| =|v|F =~
o , [« i} 1
The speed of F when it iz moving parallel to 1—7 is —ms
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Exercise C, Question 11

Question:

Attime ¢ seconds (where £ =0), apatticle F iz mowing in a plane with acceleration
(21— 24)ms > When £=0, the velocity of P iz 2jm ¢ | and the position vector of P

15 &1 m with respect to a fized origin P
a  Find the position vector of & at titne £ zeconds,

At time £ seconds (where £ 200, a second particle 15 moving in the plane with
velocity ((%* —41—24)m s ' The particles collide when £=3.

b Find the position vector of (& at time £=10.

Solution:

=)
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Exercise C, Question 12

Question:

A particle P of mass 0.2 kg is atrest at a fized origin & At time f seconds, where
D=¢=3, atorce (2ri+3)) Mis applied to F.

a Find the position wvector of P when £=3.
When £ =3, the force acting on P changes to (614 (12 —£9) 0, where £ 23

b Find the velocity of P when : =6

Solution:

=)
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Exercise D, Question 1

Question:

Whenewver a numerical value of g is required, take g =9.8m s

A patticle P is projected from a point O on a horizontal plane with speed 42m s

and with angle of elevation 45° . After projection, the particle mowves freely under
gravity until it strikes the plane Find

a the greatest height abowe the plane reached by F,
b the time of flight of F.

Solution:

a Eesolving the initial velocity vertically
R{1) w,=42:in45°=21y2
B w=21J2v=0,a=-08s=1
v =u® 4 Zas
0% = (21217 — 2% 9.8

_ 3¢ _ a2

Tor mE

The greatest height above the plane reached by P iz 45 m

BT s=0u=2142,a=-098s="7

g5 = uz+%a£2

0 = 2122 —4.94°
=0

2142 _
t=3=6.0609...

The titme of flight of Piaé 15 (2 1f)
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Exercise D, Question 2

Question:

A stone is thrown herizontally with speed 21m s ' from a peint P on the edge of a

cliff 2 metres abowe sea lewel The stone lands in the sea at a point (2, where the
horizontal distance of (! from the cliff is 26 m.

Calculate the value of &

Solution:

Eeszolving the initial velocity horizontally and vertically
Ei—=) w =21
Eily w, =0

¥

E{—) distance = speed ¥ time

s _ B
56 =21x¢=t=2=1
R()) s=hu=0a=98:=]
b =u.ﬁ+%a£2

a
B :0+4.9><@ —34.344
B =35(2¢f)
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Question:

A particle F mowes in a horizontal straight line. At time i seconds (where ¢ =0 the
velocity vm s of P is givenby v=15—-3 . Find

a the value of  when F 15 instantaneously at rest,

b the distance travelled by P between the time when i =0 and the time when F 15
instantanecusly at rest

Solution:

a v=15-73
When P iz at rest, v=10
0=15—-3=t=5

s=vde=J(15-30a
e el
=15¢ jI +c

Let 5=0,when é=10

0=0—-04¢ =2¢c=0

szlﬁz—%fﬂ

When (=235
s=15><5—%52:3?_5

The distance travelled by F between the time when £ =0 and the time when P iz
instantanecusly atrestis 37.5 m.
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Exercise D, Question 4

Question:

A particle P moves along the x-axis so that, at time £ seconds, the displacement of P
from ' is x metres and the velocity of Fis vm s ', where
v=6t+1F
1
a  Find the acceleration of P when 1 =4,

b Given also that x = -5 when { =0, find the distance &OF when ¢ =4 .

Solution:

- 3.2
a a=— 6+jﬁ

When £ =4
4 =6+%42=30

The acceleration of Z when =4 15 30m s>,

x=jvdz=j(6z+%z3)d.ﬁ

= 3;2+%r.“ +e

When £ =0, x=-5
=5=0+0+c=ec==-5

x=332+%z4—5
When £ =4
4
x =3x8+ 1 -5=75

OF ="T5m
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Question:

Attime ¢ seconds, a particle P has position vector v m with respect to a fixed origin
O where

1= (352 — 4+ —452)j.
a  Show that the acceleration of F iz a constant.

b Find the magnitude of the acceleration of 7 and the size of the angle which the
acceleration malkes with j.

Solution:

a
v =r = i — 8
a= v==61—3j

Acceleration does not depend on 2, hence the acceleration is a constant.

jki 6
@
b

A
N

|aj= 6% +(-8)* =100=]a|=10

The magnitude of the accelerationis 10m 7.

tan@=5=9~53T

The angle the acceleration makes with j 1z 20° +33 17 =143 1" (nearest 0.1°).
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Exercise D, Question 6

Question:

Attimne =0 aparticle P is at rest at a point with position vector (41— &) m with

respect to a fized origin & The acceleration of F at time ¢ seconds (where £ 20) 12

((4 —31—6:%)m s Find
a the velocity of P when £ = li

b the position vector of F when £ =6

Solution:

v = adz:j((4z—3)i—6zﬂj)dz
= (2" -3 -2+ A

When f=0,v=0

0=0i+0j+A=A=0

v = (2% - 30i- 265

TWhen f.=l

x|

r=jvd£=j((2;2—35)i—?z3j)dz
= 3_3 2 ._1 4.
—(iz i )1 i j+B

When £=0r=4i—£fj

H-—6j=0i+0j+B=B=4i-4j

(23 _3.2 . 1 :
r —(54‘. 25 +4J1 (21‘. +6J]

When =6
r=144 - 54+ — {648+ &) = 94i — 6544

The position vector of Pwhen =6 18 (34i— 6340 m
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Question:

A ball 15 threwn from a window abowe a horizontal lawn. The velocity of projection is
15m s7* and the angle of elevation 15 o, where tan o =;. The ball takes 4 s to reach
the lawn. Find

a the horizontal distance between the point of projection and the point where the
ball hits the lawn,

b the vertical height abowe the lawn from which the ball was thrown,

Solution:

4 - 4 o
a taIl{ki—?=:-5111&:—5,::-:::305—3

Eesolwing the initial velocity horizontally and vertically
R(-) w, = 15coscr=15%3=9
340 %,=ﬁmna=ﬁx§=12
E{—) distance =speed® time
=9x4=36

The horizontal distance between the point of projection and the point where the ball
hits the lawn is 36 m.

b Let the vertical height above the lawn from which the ball was thrown be 2 m

BT s=-hu=12a=-98:=4

by =u.§+1jcxi2
—h =12%4-49%4 =304 =hp=304

The wertical height above the lawn from which the ball was thrown 15 30 m (2 = £
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Question:

A projectile is fired with velocity 40m s at an angle of elevation of 30° from a

point A on horizontal ground. The projectile mowves freely under gravity until it
reaches the ground at the point £ Find

a the distance A5,
b the speed of the projectile at the instants when it 15 15 m abowe the plane.

Solution:

a Fesolwing the initial velocity horizontally and vertically

R(—) u, =40c0s30" =203
R(TY &, =208n030" =10

¥

EM s=0u=20a=-98:="
= =uf.+%af.2
0=20:-4.92 =£20-4.90)

20
20

fr=
4.9

Ei{—) distance = speed® time
=20ﬁx%=141.39...
AB =140 (255}
R(T) w=20a=-98s5=15v=v,
v =g+ 2as
vy = 20" - 2% 9.8%15=106
PP o=ul +v? = (20437 +106 =1306

Fo=y1306 =36153 .

The speed of the projectile at the instants when it is 15 m above the plane is 36m s
(2sf]
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Question:

At time ¢ seconds, a particle P has position vector © m with respect to a fizxed origin
) where

I = Zcos 31— 25in 3.

T

a  Find the wvelocity of F when ¢ = E

b Show that the magnitude of the acceleration of P is constant.

Solution:

a v=r=—bsn3i— Hcos 3
When z=%
v=r =—6sin§i— 6cos§j =—61—0j

The welocity of F when ¢ =% is —fim s

a=v =-18cos i+ 18:n 3
|aff =(-18ces30® +(18sin 35)°
=18%(cos® % +sin” 3) =18
la|=18

The magnitude of the acceleration iz 18m s aconstant
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Exercise D, Question 10

Question:

A particle F of mass 0.2 kg 15 moving in a straight line under the action of a single
variable force F newtons At time £ seconds the displacement, s metres, of P froma

fized point A is given by 5= 3 +4¢* — %33 ;

Find the magnitude of Fwhen i =4

Solution:
s Bhuapnediyd
ds
d
a=2 =53
ds
When =4
a4 =8-3xd=—4
F=ma
=02% (- =-08

The magnitude of Fwhen i=4 12081
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Exercise D, Question 11

Question:

Attime i seconds (where ¢ 207 the particle & 15 moving in a plane with acceleration
ams® where

a=(8" —6)i+(8:-3)].
When ¢ =2, the velocity of P is (16i+3)m s'. Find
a the velocity of P after £ seconds,

b the value of ¢ when P is mowing parallel to 1.

Solution:

a

V=jad.t = j[(aﬁ — 680 + (B - 3)j | e
= (26 -3 )i+({47 - 3e)§+C
When (=2, v=16i4+75j
16+ 3 =20i+1+C=C=-4-7j
v=(2t" -3 - Di+ 4 -3 -Nj
The velocity of F after & seconds is [(254 -3 - 4)i +(-4.ﬁ2 s —T")j] ms™,
b When F 15 moving parallel to 1, the j component of the velocity 15 zero.

4*-%-7=0
E+1E-T=0
¢ =0

7

t=3
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Question:

A particle of mass 0.5 kg 15 acted upon by a variable force F. At time £ seconds, the
velocity vms ! is given by

v = (det — 61 +(7 —c)t?], where cis a constant.
a oshow that F=[2a+{7-c1g] M.
b Given that when £=25 the magnitude of F iz 17 M, find the possible values of 2.

Solution:

a=v=4ci+2{7 -cij
F=pma
=105 [4ci+ 207 — c)zj] =2ei+ (7 —2if, as required

b t=5=F=2ci+(7-2)5
|F[f=4c? +25(7-)* =17*
4c 4 1225- 3500 + 252 =289

29c? — 3500 +936=10
(c— 4)(2%c —234) =0

_ o, 24
c—4,ﬁ~8.0?
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Exercise D, Question 13

Question:

A ball, attached to the end of an elastic string, 18 mewing in a vertical line. The motion
of the ball 15 modelled az a particle 5 movwing along a vertical azis so that its
displacement, x m, from a fized point & on the line at time £ seconds 13 given by

x=06 cos[ F?f | Find

a the distance of B from O when z=1j,

b the smallest positive value of # for which B iz instantaneously at rest,

¢ the magnitude of the acceleration of B when £ =1. Give your answer to
3 significant figures.

Solution:

a 1-Nhenr.=1j

_ ® 1y _ =
x= 0.61305(?%5)—0.6::053

=0.6><§=0.3J§

The distance of B from & when I=1j iz 0.3—\.@ .

The smallest posttive value at which v=10 1z given by

m_x 3
3% gt g

_dv _ z i
C Q_E__D'ﬁ(ﬁ] cos[?]
When £ =1
1
i i) |
ai= 0.6(3] cos[g} 0.3289

The magnitude of the acceleration of Bwhen =115 0.329ms™ (3 o.f)
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Exercise D, Question 14

Question:

A light spot & mowes along a straight line on a screen. At time £ =0, 515 at a point O
Attime ¢ seconds (where ¢ =07 the distance, x cm, of 5 from & 15 given by

x=4t""  Find

a

b the greatest distance of 5 from O
Solution:
a =E=4e{'jz—2£ g
ds
dv 05t -5t -5t 05t
a=—=—2e" " —2e " +ite " ={i—4i
ds
When t=1In4
Bl
a=(ln4-He " =(2ln2-4e 2
=1(Q2ln2-4H=1n2-2
The acceleration of Swhen z=1In4 i (In2— 23 m s in the direction of x increasing,
b dx

the acceleration of & when {=In4,

For a mazimum of x, T =3 =0

v=@-2)e?=0=¢=2
When £=2

x=dx2g 7 =gt

The greatest distance of 5 from O 13 ? tn .
E
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Question:

A particle P iz projected with velocity (Jui+4uj)m s from a fized point O on a
horizontal plane. Given that P strikes the plane at a point 750 m from &

a showthat =175,
b calculate the greatest height abowe the plane reached by P,

¢ findthe angle the direction of motion of F makes with i when £=25.

Solution:

a Taling components horizontally and vertically

Ei—) w, =3
R(TY u, =du
E{—) distance = speed¥ time

?50=3uz=»z=zuﬂ

1
R(T) 5 =u£+ja£2

0 = dut — & 952
2
o = Zx2s0 _4_9(@J — 1000 — 306250
u i Hy
2 _ 3062350 _
= g = 306.25

= 430625 =175, as required

u, =4du=4x%17.5=70
R(T) v =u? + 2as
0F=70° - 2% 9.8x s
it

The greatest height abowe the plane reached by F 15 250 m.
¢ When i=35

R(r) v =u+ai
v, =70-98x5=21

The angle the direction of motion of P makes with i when £ =5 iz 227 (nearest
degree).
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Question:

A particle P s projected from a point on a horizontal plane with speed w at an angle
of elevation 6.

2 5in 26

E
b Hence find, as & wvaries, the mazimum range of the projectile.
2

: g e g 4P :
¢ Given that the range of the projectile iz BL’ find the two possible value of 6.
g

a =how that the range of'the projectile 1s

Give your answers to 0.1°

Solution:

a Taking components horizontally and vertically
E(—=) wu,=wucosd
R(T) u,=using

R(T) &= u£+%a£2

U=usin8.ﬁ—% £2=£(usin9—%g£)

(0
Zusin g
i=
E
Let the range be &

distance = speed ¥ time

Zusind  Zmsindcosd

g g
TTzing the identity sin 28=2sinBcoz 8

R=ucosdx

_utsin 28

g

B

b Fiz amaxzimom when sin20=1, that 1z when 8 =45",

2
; o g s
The maximum range of the projectile 18 — .

g
2 2.
g IfR=2u ,Eu " sin 28
3g 3g £
: )
s1r129—§

28 =41.81°(180-41.81)"
8 =205 691° (nearest 0.17)
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Question:

A golfball is driven from a point 4 with a speed of 40 m s* at an angle of elevation

of 307 On itz downward flight, the ball hits an advertizing hoarding at a height
15.1 tn abowe the level of 4, as shown in the diagram abowe. Find

a the timne taken by the ball to reach its greatest height above A,
b the time taken by the ball to travel from A to &,
¢ the speed with which the ball hits the hoarding.

Solution:
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Taking components horizontally and vertically

Ri{—) n =40cos30°=2043
R(T) u,=40sin30"=20

a
R(T} v=u +at
0 =20-9.8t == 23 =2.0408...
The time taken by the ball to reach its greatest height above 4 15 2.0 5 (2 5.1
b

R(r) S=u£+%aé2
15.1=20¢— 4.9¢
4.9 -20t+15.1=0
(t-14.9%-15.11=0

Ot the way down the time must be greater than the result in part a, so ££1.

aud SHT 5
z—ﬁ—3.0816_..

The time taken for the ball to travel from A to Bi15 313 (2510

R(r} v, =t +ai

L

151 _
ﬁ——10.2

Pl =ul vl = (2043) +(-10.2)" = 1304.04
Fr=4130404 =326111._.

The speed with which the ball hits the hoarding is 26m s (2 s.£).

=20-95x
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Question:

A particle F passes through a point & and moves in a straight line. The displacement,
s metres, of P from &, ¢ seconds after passing through & iz given by

s=—£+11¢" — 24
a Find an expression for the velocity, vm s', of P at time ¢ seconds.
b Calculate the walues of ¢ at which F is instantaneously at rest.
¢ Find the value of ¢ at which the acceleration is zero,

d  Sketch a velocity-time graph to illustrate the motion of P in the interval 0=:= 6,
showing on your sketch the coordinates of the points at which the graph crosses
the axes.

e Calculate the wvalues of 2 in the interval 0= <§& hetween which the speed of F is
greater than 16m s 1.

Solution:
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=3 +22: - 24

a 1=

& &

The velocity of P after £ seconds is (—%° +226— 24 m s

b “When v=0
32— 208424 =(Z-NE-0=10
_ 4
£—§,6
C
a =E=—6z+22=0
df
el
E g
d
vims-1)
16

) 1 6 1(s)

e The speed of Pis 16 when v=16 and v=-16

When v=16
—% 20 —24 =16
- 20440 =0

(3t-10)(t —4) =0

10
=14

When v=-16
342024 =—16

3 - 22 +8=0
22+, (484 - 96
t= (6 }=U.38,6.95(2 dp)

From the diagram in part d, the required values are

0:<038, 0 < <4
© Pearson Education Ltd 2C
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Exercise D, Question 19

Question:

A point P moves in a straight line so that, at time £ seconds, its displacement frotm a
fized point O on the line is given by

‘ 4, 0<:<3
8= 24 =36, 3€i2h
‘—252+96z—652, £>6.
Find
a the velocity of F when £ =4,

b the velocity of P when £ =10,
¢ the greatest positive displacement of F from O,

d the values of s when the speed of P iz 18m s’

Solution:
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a "When £=4, #is1nthe range 2 <& 26, 50 5= 2436

-
At

The velocity of Pwhen ¢ =4 is 24 m 57 in the direction of s increasing.

h  When £=10_ {1z in the range £ = &, 50 §=—2524+ 96t — 612

v=E=96—12£
di
When £=10

y=96—-12x10=-24

The welocity of P when £=10 iz 24 m s in the direction of 5 decreasing.
. : . ds
¢ The mazimum displacement is when E=v= 0

9 —-1%=0=¢=32

When =158

s=-2524+96x8-6x8 =132

The greatest positive displacement of P from O iz 122 m.
d The speed of Pis 18m 5™ when v=+18

In the range 0= <73

v=E g =18l
df 4
e —4><[9f—2025
en f=.5= 3] =20

In the range 2 = &

v:%—m:ls:-z:@:s.ﬁ

5= -250+96% 65665 =1185
v=96-12=-18=¢=""2 =95
= —2524096% 05— 65w9 5 =118.5, the same result as forv=18

The walues of 5 when the speed of P is 18m s are 20.25 and 118.5.
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Exercise D, Question 20

Question:

The position vector of a particle F, with respect to a fixed origin O, at time £ seconds
{where £ =0) 1z | 63—533 ‘1+(3.§2 —H)) | m . At time ¢ seconds, the welocity of a

second particle (, moving in the same plane as P, is (—81+ 3 ms 1.

a Find the value of ¢ at the instant when the direction of motion of P 1s
perpendicular to the direction of motion of O

b Given that P and (' collide when £ =4, find the position vector of O with respect
to & when £ =10,

Solution:
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a Forl
v=p =(6—%1Ji+(6z—8)j

The tangent the angle the direction of F makes with 11z given by
= £ —8
- 3
f— 5t

The tangent the angle the direction of O makes withi iz given by

ol

3
Using mm =—1
]

3
6j£

3(6¢ — ) =8(5—§:]
186% — 24¢ = 4812
18° —12-48 =0
3(t— 23t +4) =0
£20
f=2
b “When =4

3
K-zt =-1

. =[5>< 24—%><43Ji+(3>< 4 8 4)j =—8i+16]
For O

o = [(-8i+3g)de = B+ 2+ A

WWhen =4, p=q=—-8+1§j

e D S A D
q=(24—85)i+@zﬂ—ajj

When £=10

g

The position vector of O withrespect to O when £=0 1z (24i—2jim.
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Exercise A, Question 1

Question:

Find the position of'the centre of mass of four particles of masses 1 kg, 4 kg, 3 kg and
2 kgplaced onthe x-amiz at the points (&, 00, (3, 0) (2, ) and (4, 0) respectively.

Solution:
(X6 +(d=x3N+ G+ 2x4) =x(1+4+3+2) | Use Sz, = o,
41246465 =10x ﬁ__._‘_‘___‘_‘_‘_‘_
22 =10% Simplify.
solve for X
Centre of mass iz at (3.2, 0], e

give both coordinates.
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Exercise A, Question 2

Question:

Three maszes 1 kg, 2 kg and 3 kg, are placed at the points with coordinates (0, 23,
{0, 5y and {0, 1) respectively. Find the coordinates of (3, the centre of mass of the
three masses.

Solution:
(I 2+ 2= +3x D) =5 (1+2+3) — | Use Zogy, =y Zm,.
241043 =67
15 = 67 G Simplify.
25=y — ]

Solve for ¥

Centre of mass 13 at (0, 2.5). . o S

give both coordinates.
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Exercise A, Question 3

Question:

Three particles of mass 2 kg, 3 kg and 5 kg, are placed at the points (—1, 00, (—4,0)

and (3, 00 respectively. Find the coordinates of the centre of mass of the three
patticles.

Solution:

(2x—1) +(3x —4) +(5% 5) = T(2+ 3+5)
—24+—12425=10%

r

Use Zegx, = K20y,

r 3

11=10% Simplify.

11=%

F Y

Solve for X

Centre of mass 1z at (1.1, 1), o—

1ve both coordinates.
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Question:

A lightrod PO oflength 4 m has particles of mass 1 kg, 2 kg and 3 kg attached to it at
the points 5, O and B respectively, where PR =2m  The centre of mass of the
loaded rod 15 at the point & Find the distance PG

Solution:
P 2m R m {.‘l .
- . i 1 Draw a diagram.
s o . The rod has no mass.
(1 0) + (3% 2+ (2x4) = T(1+3+2) A s e akeniasitheqotiginiand
0+6+8=6% ,\USE Lo 2y = X 2wg;
% =% Simplify.
o \
PG—EEm Solve for .
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Question:

Three particles of mass 5 kg, 3 kg and m kg lie on the y-axis at the points (0, 43, {0, 2)
and (0, 3% respectively. The centre of mass of the system iz at the point (0, 4). Find the
value of a2

Solution:

+t—

(5% 4) + (3% 2) +(mx 5) = 4(5 +3 +m1)

Use iy, = VEm,.

20464 5m =324 E e N
Simplify

m=6 \

Solve for m.
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Exercise A, Question 6

Question:

A hightrod PO of length 2 m has particles of masses 0.4 kg and 0.6 kg fixed to 1t at
the points & and B respectively, where PR =0.5m . Find the mass of the particle

which must be fized at ( so that the centre of mass of the loaded rod is at its mid-

point.
Solution:
The rod, being light, has no
- 1 m - tmnass.
04 kg (L6 kg r i kg
’ : - . .
A T 0 % ad Draw a diagram showing all

the information.

7 15 the centre of mass.
Agzume the mass of the
particle required 15 m kg

Take F as the origin.

4— Use Zmyx, =T X

(0.4 3% 0) + (0.6 0.5) +(mex 2) = 1 (0.4 + 0.6 +520)
03+2m=10¢tm e e

=107 —

The mass of the particle 15 0.7 kg

Solve for m.
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Exercise A, Question 7

Question:

The centre of mass of four particles of masses 2wz, 2, i and Be, which are
positioned at the points {0, @), ({0, 23, (0,—1) and (0, 1) respectively, 15 the point &
Given that the coordinates of G are (0, 1), find the walue of 2.

Solution:

(Cmxa)+ (Gmx )+ (Tmx—1) +(Bmx 1) =1x (2m +3m+ T +Bri) 4 Use Ty, = 7w

2rae G — T 4B = 20 -+ Divide by 2.
2a+7 =20
— 6% “ Solve for a.
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Exercise A, Question 8

Question:

Particles of mass 3 kg, 2 kg and 1 kg lie on the y-axis at the points with coordinates
(0,=2Y, {0, 7 and {0, 4) respectively. Another particle of mass 6 kg 15 added to the
system so that the centre of mass of all four particles ig at the origin. Find the position
of thiz particle.

Solution:

Suppose the particle 15 placed at (0, 7).

Bx=Z+ @D+ (XN +Exy) = 0x(B3+2+14+6)  *+—— Use Zmy, = 7m,.

—64+1444+6y =0 - SO

Gy=—12 simplify.
y=-—2 @ — |

Solve for .

The particle must be placed at (0,—2). 4 Givabaih _
ive both coordinates.
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Question:

Three patticles 4, B and C are placed along the x-axiz Particle 4 has mass 5 kg and is
at the point (2, 0). Particle B has mass w2 kg and is at the point (3, 0) and particle &
has mass #, kg and 1z at the peint (—2,0). The centre of mass ofthe three particles 15

at the point (1, ). Given that the total masz of the three particles 12 10 kg, find the
values of »2 and », .

Solution:
S+t =10 * Tse the total mass.
oty =5 (1)
(5% 20+ (o 23 4 (o x—2)  =1x10 | Use Zmx, =T Zmy, and my =10
104 3m —2m, =10 s Bt R S e
T —2m, =0 (2) simplify.
Adding (2) 4 2x (1) 2y + 2pe, =10
Swy =10 - Eliminate m, .
o =2 ¢ Solve for my.

wy =3 <—~________‘R_______‘_ﬁ
TTze (1)
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Exercise A, Question 10

Question:

Three patticles 4, B and C' have masses 4 kg, 1 kgand 5

kgrespectively. The particles

are placed on the line with equation 3w —4x =0 Particle 4 is at the origin, particle 5

iz at the point (3, 4) and particle C ig at the point (2, 12).
centre of mass of the three particles.

Solution:
vi L o y=4x
L 3
.3 SRR S R ——— . /_]\
// 5 kg
////
/f/
G
B -~
4
/’“-‘]ku
A 4 b
‘_///
A e
/‘ ] C ';
P 4 kg J
ABE JBRL47 =5
AC=yygt 128 =15

Find the coordinates of the

Draw a diagram
showing the
positions of the three
patticles.

*—___._____)_._._.—-—-——— We need the distances along

the line.

@ X0+ (1 5+ (5x15) = TE+1+5) +—]

Taking our axis as the line
Ay —4x=10 and A as the origin.

e Tz, =T 1wy

Solve for T .

O+54+75=10x% V\
e, AF=8§
Since AR =5,
—— a3
AF="x A8 == +—
504

+«—Multiply out.

The coordinates of F are (4.5, 6.4,

© Pearson Education Ltd 2C
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section 2.2 will show youa
neater and easier way to
zolve this problem.
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Exercise B, Question 1

Question:

Twro particles of equal mass are placed at the points (1,-3) and (3, 7). Find the centre
of mass of the particles.

Solution:

= (w42

]|

I
)
£

=

I
)
£

=

X

¥

Centre of mass 15 {3, 23,

© Pearson Education Ltd 2C
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r 3

Tse Emyr, =T e

3

cimplify by dividing
both sides by .

Thiz 1z the mid-point of
the line joining the two
points.
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Exercise B, Question 2

Question:

Four particles of equal mass are situated at the points (2, 0%, (—1,33.(2, = and
(—1,-2). Find the coordinates of the centre of mass of the particles.

Solution:

| Use Zmyr, =T Zm

as before,
2 x
—3 ¥y F""“‘*—-—-R__hh . .
¢ Divide both sides by e
7| x
3 7 | Solve
]

Centre of mass 15 (%—E)

© Pearson Education Ltd 2C
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Exercise B, Question 3

Question:

A system of three particles consists of 10 kg placed at (2, 30, 15 kg placed at (4, 23

and 25 kg placed at {6, &) Find the coordinates of the centre of mass of the system.

Solution:

102 415[* | 5[] = 50[F
3 2] " |s 7
N0 =10/ <« Divide both sides by 5.
6|7 16" |30 7
46 T
=10|" ———— Simplify.
42 ¥
e | “ Salwe.
42| |y

Centre of mass 15 (4.6, 4 23

© Pearson Education Ltd 2C
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Exercise B, Question 4

Question:

Find the position vector of the centre of mass of three particles of masses 0.5 kg,
1.5 kg and 2 kg which are situated at the points with position vectors
(61— 330, (214 57) and (3i+ 270 respectively.

Solution:

& 2 3 7
0'5[_3} 1'5{5]+2[2 =4 . * 4 is the total mass.
—1.5 7.5 4 ¥ It's easier to use
12] P z column vecters.
10 ¥
3 T
[2 5 = e *— Youcould leave your
' Y answer as a column

vector.

The position vector 13 (31+ 2.3§).

© Pearson Education Ltd 2C
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Exercise B, Question 5

Question:

Particles of masses me, 2, Sem and 2m are situated at (—1,-10,(3, 23, (4, -2) and
(—2,5) respectively. Find the coordinates of the centre of mass of the particles.

Solution:

m| |+ 2m : + S § +2m = = 10m| "
= 2 —2 3 ¥
-1 (& 20 —4 7 &— Divide both sides by
+| |+ + =10
[—l] [4] [—10] [10 y il
21 T L
=10 +— Simplify.
3 y
el = : *— Solve
0.3 ¥

Centre of mass iz at (2.1, 0.3},

© Pearson Education Ltd 2C
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Exercise B, Question 6

Question:

A light rectangular metal plate POERS has PU=4 cm and 5 =2 cm . Particles of

masses 2 kg Skg 1kg and 7 kg are attached respectively to the corners P, 0, K and &
of the plate.
Find the distance of the centre of mass of the loaded plate from

a the side PO,
b the side PS5
Solution:
; : *+— Draw a diagram.
The I kg (Iote that the plate
. iz light)
. 3kg kg L *—| Draw the rectangle
P Sem @ with the 2 “axes” (P
atd P in the bottom
L. H corner.

Taking F as the origin, and axes, PO and PS5, F iz (0, 00, D1 (4,00 Ris (4, 2);
Sz (0,2).

3[3]"'5[2]"'1[2]"'?[2 =16 ; +— Total mass iz 16 kg
o)l =l
o] o] 21 |14 ¥
24 T
[15 =16 5 ———— Simplify.
[1_5 E
1] |3 R <) |

a  Distance from PO iz 1 (7).
h Distance from P& is 1.5 (%)

© Pearson Education Ltd 2C
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Exercise B, Question 7

Question:

Three particles of masses 1 kg, 2 kg and 3 kg are positioned at the points (1, 07, (4, =)
and (p, ¢ respectively. Given that the centre of mass of the particles 1z at the point

{2, 0, find the values of p and ¢

Solution:

1[1]+2[4 437 =(1+2+3)[2]
R e P 0
1 (8] (3] (12
o7
943p) (12
6434 =[o]
Qa3 =10
43 =10
=p=1
g =—2

© Pearson Education Ltd 2C
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Use Eemy, =T oy

simplify.

Collect terms.

Equate i and j components.

Solve forp and g
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Exercise B, Question 8

Question:

A system consists of three particles with masses 3m, 4 and Se. The particles are
situated at the points with coordinates (=3, -4, (0.5, ) and ({0,-3) respectively.

Find the coordinates of the pozition of a fourth particle of mass 7, given that the
centre of mass of all four particles iz at the origin,

Solution:

—3 05 0 0 - T =T 2t
| |+dm|  |+5m| |+ | | = 19m Rseidt =T,
—4 4 =5 ¥
Divide by 2 and
-9 2 0 7 0
+ + + e / simnp lify.
=12 [1&6] |=25] |7y 0
—I+7x] [0 44— Collect terms.
—214+7y 0
—J+7x =0 +—| Equate i and j components.
—21=-Ty =10
x =1 * Solve for x and y.
s
/ State angwer,
Coordinates of particle are (1, 3.

© Pearson Education Ltd 2C
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Exercise B, Question 9

Question:

A light rectangular piece of card ABC D has AF =6cm and AD=4m  Four

patticles of mazz 200 g, 300 g, 600 g and 100 g are fized to the rectangle at the mid-
points of the sides AE, BT, CA4 and AD respectively. Find the distance of the centre of
maszz of the leaded rectangle from

The card iz light s0 has no
tmass.

Draw a diagram showing
all the information.

a theside A5,
b the side A
Solution:
600 g
D L 2 1 C
2em 1\
100g ® ® 300 ¢
2cm
Jcm 3cm
A L B
200 g

Taking axes through A, the coordinates of the

taszes are (3, 00, (&, 2, (3, 4) and (0, 27,

=0,

200 = + 300 ° + &00 : +100 -
0 2 4 2

5ol

a Distance from AB 13 2% ot (V)

h Distance from AT iz 3% cim (%)

© Pearson Education Ltd 2C
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-~

Here you have to set
Up YOUr 0WH AXES.

X
1200 o] %
2a00) T l200] =% 5 «—| Simplify and divide by
100.
427 [12x
32| 12y 1 Collect terms.
42 =12% : :
32 =12y ' — Equate i and j
components.
35=x
26=7 d = Solve for ¥ and ¥.
g 7| State answer,
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Exercise B, Question 10

Question:

A hight rectangular piece of card ABCD has A8 =8cm and AD=+6cm  Three
particles of mass 3 g, 2 g and 2 g are attached to the rectangle at the points A, 5 and &
respectively.

a Find the mass of a particle which must be placed at the point 2 for the centre of
mass of the whole system of four particles to lie 3 cm from the line A8,

b With thiz fourth particle in place, find the distance of the centre of mass of the
system from the side AD.

Solution:
¥ mg i
-. — : :_I
-— ;
Draw a diagram.
100
4— The card has no mass.
Here *g’ 15 grams!
ip @ 2g

A Hom o

Let mass of particle of Dbewm g

Here we hawve to set
; : Up oUr OWh AXes.
Taking axzes through A, the coordinates of the
patticles are (0, 00, (8, 00, (B, 6) and (0, &)

0 8 8 0 T : :
3| |+2|- |42 |+m| |=G+2+2+4m|T| ¢ 3cmirom 4 means
0 0 & 6 3 T=5,
D+16+16+0 (7‘|‘:'f S
= A
o) lo) L1z 6w "3 HIDRE
32 = (7 +m)x *«— Collect terms.
12+46m 214 3m
124-6m=2143m *— Egquate j components,
B =18
=73 1 Zolve form
32 =10% *—__E—-—-—-—_‘_
o Equate i component and
'\ SubStitutE fOI' .
4 =3 Solve for T,

4—— State your answer.

© Pearson Education Ltd 2C
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Exercise C, Question 1

Question:

Find the centre of mass of a uniform triangular lamina whose vertices are
a (1,2). (2, 6 and (3, 1),

b (1,4, (3, 5 and (7, 3)

c (=320, 0 and (0,1)

d (@ ), (G, 2a) and (da, 6a).

Solution:
a (Gis (ﬂ @) - Find the mean of the
: 3 . vertices of the
Le (2.3) triangle.

=1 7 543
1] 713 ( —le_ ,4++ ) Find the mean of the

Pe (3 4) vertices of the triangle.

S =EAH 240-H
c iF iz ( ) 4+——— TFind the mean of the

3 Gl

vertices of the triangle.

: 1
146 (§=1)
d T (a+3a+4a ; a+2a+6a) “ - Find the mean of the
3 H vertices of the
1LE. (8;,3.::) triangle.

© Pearson Education Ltd 2C
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Exercise C, Question 2

Question:

Find the position of the centre of mass of a uniform semi-crcular lamina of radius

4 cim and centre O

Solution:

For a semi-circle,

4 em

2=
P
s
LT
—_ Zrsing _ 3503
R &
o EE
2
serll
3r

-——

This result 1z 1n the
formula boolklet

provided by Edexcel

Centre of mass 15 on the azis of symmetry at a distance

E cim from the centre.
3w

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com
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Exercise C, Question 3

Question:

The centre of mass of a uniform triangular lamina A 5T 15 at the point (2, @) Given

that A 1z the point {4, 33, 5 13 the point (&, 10 and O 15 the point (=1, 50, find the

values of @ and &

Solution:

TTze the fact that the centre of
tnass ig at the “mean point’

Simplify

I A 5
ie(a)= (ﬁj)
S0,
2= awd a=3 «
6=3+b
3=p

3

Compare x and y
coordinates.

© Pearson Education Ltd 2C
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Solve for &,
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Exercise C, Question 4

Question:

Find the position of the centre of mass of the following uniform triangular laminas:

a b

-

&
'
=
=

dgg

B

Solution:

PhysicsAndMathsTutor.com
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Page2 of 3

a . ]
B : 28 E -y
I s : - We need to set up
= our oWwhn axes here.
A .-""-'j
L)
Tsing the axes shown, 815 (0, O)
Cis (B3, Mand A s (0, 2a)
. + TTze the fact that the
Centre of mass & 15 Cetdlhia ,w :
3 3 centre of mass 15 at
: ( 2::) the “mean point’.
te [a
3
Centre of mass 15 a distance @ from
AL and a distance 23—[2 from BC d State your answer
carefully.
Fis (0.0
Az {a, )
s (0,4
b
A a B
! "%‘
x‘x.\ 4—— Tlze the axes chosen
N {zee the diagram).
\'\.\“i
[
Centre of mass & 13 (D-H;-HJ ,Dwfﬂ)
LE (ﬂ 4'2)
R
Centre of mass is a distance % trom BC and  4——| Mote that ¥ gives the
_ i distance from the y-axiz and
a distance = from AB. ¥ gives the distance from
the x-amxs.
c
."-'-.I
Fiy +— Since AC =B ie the A

15 izosceles so AR =4da .

Taking A as the origin with A5 as the x-axis, 4+———

the coordinates of A, & and & are (0, 0,

(da, I and (2a, da) respectively.

PhysicsAndMathsTutor.com

We need to set up our own
axes here.
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Exercise C, Question 5

Question:

& uniform triangular lamina 15 1sosceles and has the line y=4 as its axis of
sytmetry. One of the vertices of the triangle 1z the point {2, 1), Given that the x-

coordinate of the centre of mass of the lamina 15 —3, find the coordinates of the other
two wertices.

Solution:
.1'l i
+—— | Axis of symmetry y =4
Y Ee
+— Draw a diagratn
* (30 showing all the
| - information.
0 X
+— 4 iz 3 units below the axis

Let (2, 13 be the point A. Then since y =4 iz the line of symmetry, so the other
of symmetry, the point (2, 7) must be another vertex after wertex must be 3 units

above the axiz of symmetry.

The third vertex must be on the line of symmetry, (x, 4) say.

Then, 4+— The mean ofthe
_ gt H24x ;
3 x-coordinates must be —3.
—13=x

The other two vertices are (2, 70 and (—13,4). #+— State the answer.

© Pearson Education Ltd 2C
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Exercise D, Question 1

Question:

=T note: I've amended the question stemn, as I'm assuming that each of these questions
will appear separately in Solution bank =

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

1
0 X

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the
cootdinates of the centre of mass.

Solution:
pis L 5
5 12 422 :(54_2)[_ | Use Zemr, =T 2o,
= 2
2
Clearly, x= 212
B ) +— This iz acceptable in an
OR By symmetry, ¥ = 25 examination.
5 s
- +4 =Ty g
5 Equate the y-components.
T F
Centre of mass is (ELE) ' State your answer, using
2714 both coordinaters.

© Pearson Education Ltd 2C
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Exercise D, Question 2

Question:

I

—
o X

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

Solution:
][] x
6 e 1 | =G *—— There are other ways of
1 - 7 N ]
splitting the lamina up
9 24 X (see below).
+ =12|

& 9 ¥

33 T
=12|_
15 ¥
3_11 .
= a
150 8 *— Equateiandj
w4 7 components.

: 11 5
Centre of mass 13 (— —).
474

O
: 4 o T :
1007742 =(10+2) 4 #—— This splits the lamina
1 2% ¥ differently.
23 8 T
+|°|=12|"
10 ] ¥ - — | Asabove, ete.
B8 x
=12
15 ¥
OR
22 13 .
15 -3 ={15-3_ -
11 21 ¥ 4——— This uses ‘rectangle —
3 1 12 rectangle’.
3?5 B 4j 212[3]
1 1 v
i i F
222 ?2
33 =12 % “ Ag above.
5 b

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 3

Question:

et
i} L}

The diagram shows a uniferm plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

Solution:

1 &

2 2=

15[2]_.5[ 2|=(16—6) i 4| Use “square —rectangle’.

1

321 (15 i x ™ Simplify.

32 6] iy
17 —10 x 1 Equate iandj
o5 = cotnponents.
17 [%
2.6 v

Centre of mass 1z (1.7, 2.6). State your answer.

© Pearson Education Ltd 2C
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Exercise D, Question 4

Question:

— —
i X

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

Solution:
1
o[ 1z]1ol2a] 462 —2+2+9))"
1 7 | Use Zamr, =TZm,.
2 4 '1j ¥ i
1
o O
| 8l |13l Bl 1 Zimplify.
2
391
2 —13 *+— Collect terms.
=
255
7 26 f
Centre of mass is (%%) +— Toucould uze
decimals,

© Pearson Education Ltd 2C
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Exercise D, Question 5

Question:

In

The diagratn shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

- -
o X

Solution:
115 Hos %
121 +10 12 +4[3 ={1+10441| | Use Swgr, =F Zm,.
)
1 -
3 35 20 x
+ =i5]....
ol 10 12 _
p] 1 Multiply out.
56 -
A =15[_] *— Collect terms.
24 - &
2
113 x 495 s
30 ‘30 °
. 113 49 *+— Check that your answer
Centrennassiy (ﬁﬁ) locks reazonable.

© Pearson Education Ltd 2C
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Exercise D, Question 6

Question:

— —
o X

The diagratn shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

Solution:
3
l CI_|_6_|_2 =18=§ +— The centre of mass of the
312 2 ] 39 3 triangle can be found by

taliing the average
(mean) of itz vertices,

Area of the triangle =%><6><3=9

3 =

2 = x

4[1]+9 3| =13 5 —— Tse Ty, =FEm,

3

8 24 X

+H =137 :

4 a7 ¥ +— Multiply out.

32 x
=13
31 v
Centre of mass iz (Eﬂ) *— Improper fractions are
g = acceptable.

© Pearson Education Ltd 2C
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Exercise D, Question 7

Question:

| . . LI
o X

The diagratn shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

Solution:

By symmetry, F=2
Areaof LH triangle = Lxdx2=4

]

) L ¥ base ¥ height
AreaofR.H.tﬂangle=§><4><3=6 2
x-coordinate of centre of mass of LH . T T -
triangle = ;—(U +242) =% coordinates of its wvertices.
x-coordinate of centre of maszs of B H.
triangle =3 (2+2+5)=3 | Asbefore.
=,
4 i
(4X§)+ (6x3) =10% *— Use the x-coordinates only.
Z+18=10%
M _1n=
s 10%
*— Check that your answer
Centre of mass iz (%2) looks sensible.

© Pearson Education Ltd 2C
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Exercise D, Question 8

Question:

_
2 s

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

Solution:

By symmetry, 7=2

Area of each triangle = %x Ixz=1 = Zplit the shape in to two
triangles.

x-cootrdinate of the centre of mass of each

. -1 _9_
triangle 15 §(1+2+6)—§_3 *+— Find the mean of the x-

coordinates of the wertices.

S0,

(Ix3)+(x3=(1+1)x7
3+3 =2%

3 ==

| Use Zmyx,=TZmm.

Centre of mass 12 (3, 3.

. 1 ¥
OF  Area of large triangle = =X dx5=10 <« Treat the lamina as a large

triangle — a small triangle.

Lrea of small triangle = %x4><4= 8

x-coordinate of centre of mass of large triangle #+———— Take the mean of the
:%(14.54.5):% COMErs.
x-cootdinate of centre of mass of small triangle

o bl _ 14

= §(2 +E+E)= -

So,

i
185
?—29:
I=% < Asbefore.

© Pearson Education Ltd 2C
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Exercise D, Question 9

Question:

L]

—
& X

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

Solution:

It's much easier to treat
this lamina as a rectangle
with arectangle

2l 2
20[ ]—2[1 =(2o—2)[
2 b

|

0 i 4 =18 x removed.
4 5 ¥
46 x
=18
[35 v
Centre of mass 1s EE .
2 18

© Pearson Education Ltd 2C
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Exercise D, Question 10

Question:

4

= -
o X

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the

coordinates of the centre of mass.

Solution:

3
Centre of mass of triangle = 1 [

3z
. B3
Tl
13
- 3
11
3
13
20 -2 = (20— _
Lok 11
5 Rl
20 44 i
13 =15|"
70 22 ¥
3
214 -
8 X
188 _18[—
i3
; 107 94
So, centre of mass 18 (fﬁ)

© Pearson Education Ltd 2C
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Take the mean of the

vertices of the triangle.

*+— Ztate the answer

*— It's much easier to treat

the lamina as (a
rectangle — a triangle).

*— Eimplify and collect

/ terms.
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Exercise D, Question 11

Question:

[ S (S E N — —
o X

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the
cootrdinates of the centre of mass.

Solution:

P @ This 15 the easiest
Area of triangle = Area of PORS — Area of (A+5+C) +—— way of finding the

= (6x 4)—(15>< 3% 3+%><3><4+1§><1><5)

area of the triangle.

9
=24 = £—3
221
=y
: v(=1] (2] ]2
Centre of mass of triangle = §[ ]—i—[ ]—I—[ ]} *— Take the mean of the
2 6 vertices of the triangle.

a 2 iy 2 z(ﬂ_z) x *— This iz the only viable
4 % 34 2 method here

T e L
= =
Il
X
=
f S
,—
==
p S——
Il
T
51 o
b D

Centre of mass is (2% :

© Pearson Education Ltd 2C
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Exercise D, Question 12

Question:

iy

-
X

o

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the

coordinates of the centre of mass.

Solution:

Centre of mass of triangle = 7

—_

—t—

P
L)

4 2l (st %
30| o |=12 =277 |=30-1-2)

3] |4 3

2 3

2
1207 |5| M
—|2 1= =27

105] || |

27

x

R
[ )
=29

I
e
I =
—

Centre of mass is (319 E)

Bl TRl

© Pearson Education Ltd 2C
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Find the “average’ of
the wertices,

*+— This 15 the only

sensible method here.

Check that your answer
loclks reasonable for the
lamina in question,
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Exercise D, Question 13

Question:

= -
¥ X

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

Solution:

x

—wx12[§]=(¢rx32—wxlgj
o) =
— =8
27] |3

25
24
25
T
3

MNote that we could have said ¥=3, by symmetry. % | This canbe used in
the examination.

3
wx3
3

*+— Cancel the ms.

|

+— Thiz iz the only method
possible for this lamina

=t

|

=t

I
(=)

=l

.25
Centre of mass 15 (—,3).
3 *+— State your answer,
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Exercise D, Question 14

Question:

=R

| S S S N S S —
o X

The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the

coordinates of the centre of mass.

Solution:
3
Centre of mass of semi-circle = A3
ST
3
= | +4
iy
3 1
3 135 _ [y x
o s I P e [T_ ] =
™ 25
Iy 1
= | |z z(gw_l) x
- -
T4 |25
=7 -
2 =9:|T—2 X
P31 2|57
2
_ 2w=T7 _ 9r431
So, X = Ly =
Qr—2 Qao—2

Centre of mass is ,
Qr—2 Swr—2

2Fm =7 9?1'+3]]

© Pearson Education Ltd 2C
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*+— The position of the

centre of mass of a
setni-circular lamina i3

given in the formulae
booklet.

simplify,

Decimal answers would,
of course, be acceptable.
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Exercise D, Question 15

Question:

”“ ‘l‘
The diagram shows a uniform plane figure drawn on a grid of unit squares. Find the
coordinates of the centre of mass.

Solution:

By symmetry, ¥=2
A3 S

x-coordinate of centre of mass of semi-circle 13 3—I-3——
‘T T

1, | ma (3'.11'4-4) mett, _
e T Il ol B o s
Ch 2)+ 2 T g 2 I * Use Emyx, =X 2w

9+ (3n+4) = (6 + D)%

184 2Fr 436 = (124-%m)% «+— Multiply through by
18+%r  _ 2 to clear the
4430 i fractions,

Centre of mass 15 (IE-I-Dw 3).

M3’

*— Divide by 3.

© Pearson Education Ltd 2C
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Exercise D, Question 16

Question:

}

Solution:

Centre of mass of triangle

=1 [U] +[6]+[U]] £ [2] *— This iz two thirds of the way
o) lo) & 2 along the median through &
(lxﬁxrﬁ)[z] x]g[l] (s
) —T ={18—x
5 -
2 2 ¥ Use Sona, =7 5m.
36 T x
— ={18—m)| _
36| | 2w ¥
_ 3b—g _ 36—12mw
18—m 18—m
Centre of mass is [36_ﬂ-, i 211-]. 4— Check that your answer
18—m 18— is reasonable for the
lamina in question

© Pearson Education Ltd 2C
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Exercise E, Question 1

Question:

Find the coordinates of the centres of mass of the shapes shown in Exercise 2D questions

1to 5, regarding thetn as uniform plane wire framewortks,

Solution:

- 1
By symmetry, ¥ =25 *— Always use the
symimetry if possible,

(5% 0) +(1x%)+(2><1)+(2x2) F(1%3) + (2% 2) +(2x1) +(1><%)

=(5+1+2424+1424 247 | Use Dmy, =3 Zm;.
l+2+4+3+4+2+l=1®7 * | The framework has
2 2 8 sides.
16=16¥
1=5 +— Simplhify.
., Centre of mass 15 (2%,1). Wote that it was (zééj

when regarded as a
larmina

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com
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Exercise E, Question 2

Question:

Find the coordinates of the centres of mass of the shapes shown in Exercise 2D questions

1to 5, regarding thetn as uniform plane wire framewortks,

Solution:
3 5 4 3 T
50 2|43 + 2| [+1 +3 2 |+2 _
o) 13 [3] 27) 12 [1] “7| Use B =FIm,
x
=0 ERasERES ) |~ *+— The framework haz 6
Y sides.
1 15 2 1 o
125 2 i el 0
<] S R N g o 1 e e S G
0 4j & 2§ & 2
43 T +— Simplify and collect the
51 =16 5 termns.
: . {43 a1
. Centre of mass 18 (E’E)'

© Pearson Education Ltd 2C
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Exercise E, Question 3

Question:

Find the coordinates of the centres of mass of the shapes shown in Exercise 2D questions

1to 5, regarding thetn as uniform plane wire framewortks,

Solution:
1 1
122 3)%7 | 2] +4] 2+ 4]° © | Use Timp, =T I,
s 1 9 3 4 2
x *— The frameworl: has
&
Loy [71) 18y (2) (o %
204 4| 2|+ |+ +| [=18]
0 2 & ) 16 3 ¥
26 X
=16
o)

. Centre of mass 13 (1}3_3@)

© Pearson Education Ltd 2C
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Exercise E, Question 4

Question:

Find the coordinates of the centres of mass of the shapes shown in Exercise 2D questions

1to 5, regarding thetn as uniform plane wire framewortks,

Solution:
ol 5 4 oL 2 o
3 2|3 g [F2| | +2| [+ |+2| [+ 2 *— The shape has 10
0 lj 3 5 Gy 3 sides.
111} [z %
+2[ ]+1 g e =(3+3+2+2+1+2+1+2+1+1)[_]
102 A 15 +[8]+[6]+ 7 +[4]+ 1 +[2]+ 1o A 2
1 1 1 Simplify.
o) |43 6l 18] |s) 18] 3] B [1] |5 Py
T
=1g|"
53 x
=18
oSl

Checlk the senze of your
BEWEL.

&

- 55020
Centre of mass 15 (ET)

© Pearson Education Ltd 2C
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Exercise E, Question 5

Question:

Find the coordinates of the centres of mass of the shapes shown in Exercise 2D questions

1to 5, regarding thetn as uniform plane wire framewortks,

Solution:
L (s IR CANRE 2 i 1
5 2+42+24+23+22+121 +1 2+311 <—— The framework
0 Fl 2 has 3 sides.
%
=(54+4+24+24+2+14+1+3
[1?1j +[24]+[m]+[8]+[6]+ 21 (3], 2 ] pfF
1 i
0 a) L8] le) 14l (23] | 5] |45 ¥
72 %
= 20
el

Centre of mass 15 (g%)

© Pearson Education Ltd 2C
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Exercise E, Question 6

Question:

Find the position of the centre of mass of the framework shown in the diagram which

1z formed by bending a uniform piece of wire of total length {124 27) cm to form a
sector of a circle, centre O, radius & cm.

Solution:

AB=(1242m)—12=2r
Let ADB =8 (radians) (= 2a)
Then

*— TTze 5 =rf.

&6 = 2
g = %’” = % = &0 -
TENY. o in RADIANS.
Distance of &F from & — {x
— from the fgf/r-/n:ﬂa
B / hooklet
Then,
fain T
(6}(3!30530“))(24‘2?1'){?6:f{12+2ﬂ':l . Use gz, = X2
I
183 +36 = x(12+2m) B A
L = 1845436 cos3l = hic)
' 1242n 2
) sin T = l
Bt 6 2
T ol b disi ding

top and bottom by 2.

Centre of mass is on line of symmetry through O,

9B42) from &

and a distance of
A4

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com
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Exercise F, Question 1

Question:

The lamina 1z freely suspended from the point O and hangs

a The lamina from question 1 1n Exercize 21 15 shown ﬂ
in equilibrium. G i i [

Find the angle between &4 and the downward vertical | |

b The lamina from question 2 in Exercize 2D 1z shown below,
o [

E i

2 A

The latnina 15 freely suspended from the point & and hangs in equilibrium. Find the
angle between 04 and the downward vertical

¢ The lamina from question 3 1 Exercise 2D 13 shown below.

E 0

=
-

o A

The lamina is freely suspended from the point & and hangs in equilibrium. Find the
angle between O and the downward vertical.

Solution:

PhysicsAndMathsTutor.com
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a From question la in Exercise 2D,
il 13
P
Wertical
Vertical " i J_
. T =
s I _ .
X ¥
13
—F_14
tan & = T
2
Ny
Tty
gt 1( ) 20.4°(35.£)
b From question 1b in Exercize 2D
IR L
TY73
2
Az above, tan @ =£ = %
X
4
Le tand _il
5h .
(1_)_ 24 4°(35.£)
¢ From question le in Exercise 2D,
=17y=26
B 26 _ 2

( ) 56.2 (35£)

© Pearson Education Ltd 2C
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In equilibrium, & will
ke vertically below O
Le OF 18 the vertical,
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Exercise F, Question 2

Question:

The lamina from question 4 in Exercize 2D 15 shown below

J

The lamina 1z freely suspended from the point A and hangs in equilibrium. Find the

angle between AJ and the downward vertical

Solution:

From question la in Exercise 2D,

These are the coordinates
of the centre of mass, &,
referred to O as origin,

A 1z the point of suspension.

€2 (79 51). -

26726

=1 ]

When the lamina hangs in equilibrium from A,
AG wall be the downward vertical

Let Mbe the point on AJ such that GA 15 perpendicular +—— See diagram.

to AT
Then NAG =8 is the required angle.

LG/ |
S =y
.

O 1924
3_ oL T3l

28

_ 53 _ o
=22+ 6=630" (3:£)

© Pearson Education Ltd 2C
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Since A iz the
point (1, 37,

Lultiply top and
bottom by 26
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Exercise F, Question 3

Question:

The lamina from gquestion 7 in Exercizse 2D 15 shown below.

The lamina 15 free to rotate about a fixed smooth horizontal axis, perpendicular to the
plane of the lamina, passing threugh the point 4.

Find the angle between AC and the horizontal

Solution:

’ * F e N i, the centre of mass has coordinates G 2)

- SN taling & as origin,

) o Since AG will be
; ‘“\\\ P vertical in equilibrium,
S
-

/ * the angle between AC
0 4 ; and the horizonial will

be .

& 1z the required angle.

2

tan 8 = 41 "‘_‘———-—~_._._\\_‘_
36 Lultiply top and bottom
TR by 3 to clear fractions,
=6

8=805(3f)

© Pearson Education Ltd 2C
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Exercise F, Question 4

Question:

The framework in question &, Exercizse 2E iz freely suspended from the point 4 and
allowed to hang in equilibrium. Find the angle between &4 and the downward

vertical
Solution:
;t (7 iz the centre of mass if the framework
A7
o el \
= N F=%= 5(-f3+2) <+— Fis on the line of
J <_,,<_:-"£f: ._,-“' i i (B+) SYmImetry.
. L G M .-
b (see question 2 in Exercise 2E)
Pt - /
T AG will be vertical,
£ (zee diagram) 15 the required angle. when t.he framesarie
A s i hangs in
6 =60"—GAN equilibrium.
i’ N _ feos30t—F
tan AN = —=""2"_"
AN faman®
_3.5-7
£
= 5o M

[
So, (AN = 26.808"
So, §=33.1 (3s.£)

© Pearson Education Ltd 2C
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Exercise F, Question 5

Question:

The shape in question 7, Exercize 2E 15 freely suspended from the point A and
allowed to hang in equilibrium. Find the angle between O and the horizontal

Solution:
/s - T e Y 5
3 p = ] . .
/ \ o \ 0G= Py where 715 «—— See question 3 in
[ i ) | the centre of mass Exercize 2E.
A H (B oso, AT will be vertical 1n
| e, B | equilibrium.
I Xe v
™, ;
o] 5
s /

since the angle

Eenquired angle 1= AGC=8

tanﬁ'=‘40

with the horizontal
will be 90°— angle
with the wertical

|uofee ]

-3 b2
=5 3

8 = tan " (2m)
= 81.0° (3s5.£)

© Pearson Education Ltd 2C
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Exercise F, Question 6

Question:

The uniform triangular lamina ASC shown below 15 placed on a rough plane inclined
at an angle o tothe horizontal

e

Hhem

A "om B
The edge AF 15 in contact with the plane, with 4 below 5.
Given that the lamina 12 on the point of toppling about A, find the value of o

Solution:

(f, the centre of tmass ofthe lamina, has position

- = 5 + % ferred t AB
ool referred to axes,

1
wector ?{

Fwillbe
vertically abowe 4
when the lamina 15
about to topple.

3
and AC respectively. 1e. {3]
2

LY N

© Pearson Education Ltd 2C
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Exercise F, Question 7

Question:

FPORS 18 a uniform lamina.

g dem -
o

fhem
+
P 11 cm .
a Find the distance of the centre of mass of the lamina from
i B8
i Fg

b The diagram shows the lamina on arough inclined plane of angle ot

Criven that the lamina 1s about to topple about the point P, find the value of of, giving

your answer to 3 s.f

Solution:

PhysicsAndMathsTutor.com
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a
i A Aem " Centre of mass of ARND
' \\ has position vector «—— Taking P and PS
fiem : \\\\ as axes.
i ™, 1|4 7 10 b 411 6
} Lk N \ ol lo) |6 2
P A - 10 ¢m »Q
2 6 % | Use Tomx, =T
24|%|+18 | = 42| " 56 Sl TS
3 2 ¥
481 [108 X
+| =427
72 36 ¥
196 i *— Simplify.
=42
108 ¥
26
T x
12| |y
a
b -
¢ i .
¥ - *+— Jwillbe above P, onthe
:rl /( point of toppling.
ﬁ:*/ tan a = {
o X
P4y 13
i il
- o o - _E_E'
T
_7_
=t = 06924
=347

© Pearson Education Ltd 2C
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Exercise G, Question 1

Question:

The diagram shows a uniform lamina consisting of a semi-circle joined to a triangle

ADC.

B 4m w5 m s

L B
o

The sides AL and DT are equal.
a Find the distance of the centre of mass of the lamina from AT
The lamina 1z freely suspended from A and hangs at rest.

b Find, to the nearest degree, the angle between AC and the wertical

The mass of the lamina is M A particle P of mass £M is attached to the lamina at 2.

When suspended from A, the lamina now hangs with its axis of symmetry, 55,
horizontal.

¢ Find, to 3 s.f, the value of &

Solution:

PhysicsAndMathsTutor.com
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a
2 y Tee Zmyx, = X2 takting
i X(E)-FQXEX(—l): mE paxily e G
2 3 2 2 2 2 AC as the y-axis.
6 3 _ o
= (2m+ 3%
23 _ =
o
0413m (35.£) *+— A decimal answer iz
acceptable.
b
. ( is the centre of mass | _ _
o e Fwill be on the line of
/ 7 i symmetry.
| F i g is the required angle
] - 'lll":‘:\ﬁ‘
\ ¢ i N — :
e In equilibrium, AF will be
\ L vertical
—
- Ty 29
@l = 3= o
f =1%{nearest degree)
c
i
A Draw a diagram showing
P . all the forces.
P )
rd b,
/ .
.f S
-'II (r h. H.H.h‘h_
B L SRR - = X
X B o
\.x"-. .-""#;’) A\
, ~
kMg
\\J i
M y
iz c
MICA),
Mgx = kMg % _
5 - Taking moments about A
=k = means we don't need to
3 AZr2
23 know the force A
= S 02755 )

© Pearson Education Ltd 2C
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Exercise G, Question 2

Question:

A uniform triangular lamina ASC 15 in equilibrium, suspended from a fized point &

by a light inextensible string attached to the point 5 of the lamina, as shown in the
diagram.

(iven that A8 =%cm B0 =12 cmm and ABC = 907, find the angle between 5T and

the dewnward vertical

Solution:
C A (5,0
N ffijs ((% ?:'2) *— Take f4 and 5O as axes.
\\ then & 15 (3, 4)
12 \ +— Take the mean of the 3
\\\ points.
------- i o .
T L
o4 LY +— Fwill be vertically below
B 9 A B

In equilibrium, B3 will be vertical
Hence required angle iz GEC=6.
tanf =3 6=369"

© Pearson Education Ltd 2C
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Exercise G, Question 3

Question:

Four particles F, {4, R and ¥ of masses 3kg, S kg, 2 kg and 4 kg are placed at the
points (1, &3, (—=1,23,(2,-3) and (—1,-4) respectively. Find the coordinates of the

centre of mass of the particles.

Solution:

1 e 2 4 T
3| |+5 2 4 =(3+5+2+4 Em— TR
el 3ol omsvevaf] o mmeen
18] [25] |-6] |—16 ¥ <« Simplify.
=2 %
=14
{21] 7

il -
b L
Plap it

Hence, coordinates of the centre of tnass are (— ,

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise G, Question 4

Question:

A uniform rectangular piece of card ARC D has
AF=73a and BT =a . One corner of the rectangle 1= s
folded over to form a trapezium AFED as shown in the
diagram:

i

A= 2a ]

Find the distance of the centre of mass of the trapezium from

a AD,

b AEB

The lamina A8ED iz freely suzpended from F and hangs at rest.
¢ Find the angle between D5 and the horizontal,

The mass of the latmina 15 M A particle of mass # 15 attached to the lamina at the

point & The lamina is freely suspended from & and it hangs at rest with 45
herizontal.

d Find e in terms of A

Solution:

PhysicsAndMathsTutor.com
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Taking A5 and A as azes:

) A
x
2a* || —I—2><laz = 348 I
7¢ Sk 4
Ta
et i B _3 X
c % ¥
13a
o
da
o

a Distance from A5 13 BTQ.
b Distance from A8 13 %
C
'r.} 4¢m E
"}f‘f\\
/‘// e \
I G l ™,
Y
Y
™
™,
L : i ¥
A € 2a o a > B
& 1z the required angle
Sy
tan = 22 _x
a—y
13
2cz——a
e T
Az
of— —
9
_ 1513
)
=1
So, B 1s 45°
d
')
f_? E
by
G o \\
| Y
A Mg

PhysicsAndMathsTutor.com

Centre of mass of the fwo
triangles.

Page2 of 3

*+— B will be vertical in

equilibrium.

DEG is the angle

between JI5 and the
wvertical so (90" — DEA'G)

will be the angle between
DE and the herizontal,

mg
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Exercise G, Question 5

Question:

A thin uniform wire of length 5 13 bent to form the shape A5CD, where
Ab=2a B =2a CD=a and BT 1z perpendicular to both AF and O, as shown in

the diagram:
A

n

& Za (
a Find the distance of the centre of mass of the wire from
i AR
i A
The wire 15 freely suspended from B and hangs at rest.

b Find, to the nearest degree, the angle between A8 and the vertical

Solution:

PhysicsAndMathsTutor.com
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a Taking axes BC and BA:

el

2t

1
74

[~
oo
—
+
S
=Y
o —
+
W e
b — o
) 2
Il

Ln
B
I

w| £

]

=
8 C

& iz the required angle.

tan 8 = i
y

_dg 2B

TS eh

Sa 2 *+— Take azes through the
¥ point &, and use
iy, =TZmy .
5| ™
x
3
x
il
)

*+— B¢ will be vertical when
the wire hangs in
equilibrium.

= 6 =57 (nearest degree)

© Pearson Education Ltd 2C
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Exercise G, Question 6

Question:

& uniform lamina consists of arectangle ARCD, where A5 =3g and AD = 2a, with
a square hole KFGA, where BF =a | as shown in the diagram:

D C

"

Ya E

¥ ¥ L
A 3a -8

a Find the distance of the centre of mass of the lamina from
i AD,
i A8

The lamina 15 balanced on a rough plane inclined to the horizontal at an angle 2. The
plane of the lamina 1s vertical and the inclined plane 15 sutficiently rough to prevent
the lamina from slipping. The side 8 is in contact with the plane with & lower than
B, as showsn in the diagram.

b Find, in degrees to 1 decimal place, the greatest value of 8 for which the lamina can
rest in equilibrinm without toppling.

Solution:

PhysicsAndMathsTutor.com
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a Taking AR and Al as axes:

3a % = "”/" Treat the lamina as a
bt | 2 |—a? s Sa [_] rectangle with a square
& 3 o retoved.
9 : x
al |3 x
baf |Llg e I I
2 cimplify.
1a) (%
1.la ¥
i 17 4— | State your answers.
i 11la
h .
,,,x’f \\\ 2 At critical point, the
w2 % o centre of mass, O, will be
d ol vertically abowe the point
e b F 4 E
\\ AN G.
L \\ /}.l
W N
A8 o
G
tan & = .
O + Since ¥ owas measured
. from the point 4.
F
— 17a-a
l1a
_07 * substitute for ¥
11
il
i1 ""—-—i\,_;_____‘___‘—
simplify
o, 0=32.5" {1dp.)

© Pearson Education Ltd 2C
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Exercise A, Question 1

Question:

Whenever a numerical value of g is required take g =9.8m s,

Calculate the wotlk done by a horizontal force of magnitude 0.6 M whichpullz a
patticle a distance of 4 2 m across a horizontal floor,

Solution:

otk done = Fxs
=0.6xd.2
=282

The wortl: done 13 2.52 T

© Pearson Education Ltd 2C
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Exercise A, Question 2

Question:
A box iz pulled 12 m across a smooth horizontal floor by a constant horizontal force.
The work done by the force 12 102 T Calculate the magnitude of the force.

Solution:

otk done = Fxs

102 = Fx12
_ o2
F —W—B.S

The magnitude of the force 15 8.5

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 3

Question:

Calculate the work done against gravity when a particle of mass 0.35 kg iz raised a
vertical distance of 7 m.

Solution:

Wotk done against gravity = magh
=035x98x7
= 24.01

The work done against gravity 15 24.0 T

© Pearson Education Ltd 2C
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Exercise A, Question 4

Question:

A crate of masze 15 kg is raised through a vertical distance of 4 m. Calculate the wotk
dene against gravity.

Solution:

Wotle done against gravity = mgh
=15x38x4
= 588

The work done against gravity is 988 T

© Pearson Education Ltd 2C
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Exercise A, Question 5

Question:

A boxis pushed 15 m across a horizontal surface. The box movwes at a constant speed
and the resistances to motion total 22 M. Calculate the wotk done by the force

pushing the box
Solution:
»‘ Oms2
“ o acceleration, so the force
pushing the box has the same
22N = - | = F magnitude as the resistances.
F=22

Worle done = Fxs
=22%15
= 330

The worl done by the force pushing the box is 330 1

© Pearson Education Ltd 2C
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Exercise A, Question 6

Question:

A ball of mass 0.0 kg falls vertically 15 m from rest. Calculate the wotk done by
gravity.

Solution:

Wotl dene by gravity = mgh
=05x38x15
=735

The work done by grawvity 1 735 T

© Pearson Education Ltd 2C
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Exercise A, Question 7

Question:

A cable 15 attached to a crate of mass 80 kg The crate is raised vertically at a constant
speed from the ground to the top of a building. The work done in raising the crate 15
30 kI Calculate the height of the building.

Solution:

Worlk done = megh
30x1000 =80x9.8 A

1 1kI=10007T

o 30000
Blx 9.8
ko=3826

The building 15 283 m high.
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Exercise A, Question 8

Question:

A sledge 15 pulled 14 m across a horizontal sheet of ice by a rope inclined at 25° to
the horizontal The tension in the rope 15 18 M and the ice can be assumed to be a
smaooth surface. Calculate the worle done,

Solution:

e I8N

.-"-d

.-"'f
5 750

Worlk done = 18cos 25" %14
=208 73 *+— Work done = horizontal component of tension x

horizontal distance moved

The worle done 15 228 1.

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 9

Question:

A parcel of mass 3 kg is pulled at a distance of 4 cm across a rough horizontal floor,
The parcel moves at a constant speed. The wotle done against friction 1s 30 T,
Calculate the coefficient of friction between the parcel and the surface.

Solution:
K
i
F=-— — T
T
g N
Work done = Fxg
A0 =T=4
=75
= ma 4+— The parcel moves at a
T5—F =10 constant speed so the
F =75 acceleration is Oms™.
E{T) R=mg
E=3x538
Friction iz limiting 7 = u&
To= w398
= 75 =0.2551
ax B A

The coefficient of friction 15 0.255.
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Exercise A, Question 10

Question:

A block of wood of mass 2 kg iz pushed across arough horizontal floor. The block
moves at 3m s and the coefficient of friction between the block and the floor is

0.55. Calculate the worle done in 2 seconds.

P lms?

Solution:
R
A
F — T
Y
2g N
W=0.55
Kil): R="2g

Friction is limiting

F=uk

F=05%x2g
E{—) T-F=0

T=0535x2g

Wotlk done = F e
=05x2gx (3=
=055x2x9 86
= 64,68

The wotk done 13 647 I

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

> Ims!

-—|

Diztance moved = speed x« titne

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 11

Question:

A girl of masz 52 kg climbs a vertical clift which iz 46 m high. Calculate the work
she does against gravity.

Solution:

Work done against gravity = magh
=52x 9 Bx 46
= 23441

The work done against gravity is 22 400 T,
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Exercise A, Question 12

Question:

A child of mass 25 kg slides 2 m down a smooth slope inclined at 35° to the
horizontal. Calculate the worle done by gravity.

Solution:

Y
25g N

Wotle done by gravity = mgh

=25x9.8x(2sin 35")  *—— Vertical distance

=221.0 moved =2an 35

The wortl done by gravity is 281 T,
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Exercise A, Question 13

Question:

A particle of masze 0.3 kg iz pulled 2 m up a line of greatest slope of a plane which i=

mclined at 25° to the horizontal Assuming that the particle moves along a line of
greatest slope of the plane, calculate the work done against gravity.

Solution:

0.3g N

Work done against gravity = megh
=03x89.8x{2sin 257
= 2484

The worl done against gravity is 248 T,
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Exercise A, Question 14

Question:

A rough plane surface 1z inclined at an angle arcsin % to the horizontal & packet of

tnass B kg is pulled at a constant speed up a line of greatest slope of the plane. The
coefficient of firiction between the packet and the plane 12 0.3

a  Caleulate the magnitude of the frictional force acting on the packet.
The packet moves a distance of 15 m up the plane. Calculate
b the work done against friction,

¢ the work done against gravity.

Solution:
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R
Oms— —f‘:.\ fl
.-"":“'-‘T‘r 1\:-\#' I T ]
s ¥
!" _ -
_.,-'.-f‘"f
e
f,_.—-'""- i
7
g N
a
Ei(~) R=8gcosd
- ggx 2 —]
13
Friction is limiting:
F=ur
F = 0.3x8x9.8x 12
=2171

et

=03

Lraw a small right-
angled triangle to show
information about .
TTze exact values for
sind and cosd.

The frictional force has magnitude 21.7 .

h

Wotlt done against friction = F s
=21.71x15

=3254
The wortl done against friction 15 326 T,

c
Wortle done against gravity = mgh
=8x 9 8x(19sin

_ 5
—8x93x@5xﬁ)

=4523
The work done against grawity 18 452 T
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Exercise A, Question 15

Question:

A particle P of mass 2 kg is projected up a line of greatest slope of a rough plane

which is inclined at an angle arcsin % to the horizontal. The coefficient of friction

between F and the plane 1z 0.35. The particle travels 3 m up the plane. Calculate the

wotk done by friction.

Solution:
R
oy
T Pl
LY --____.-‘
! _.-'"-}:_:."".f-.
e
~ 8
20 N

Ei{~) R=Z2gcosf
R =2x9.8x3
Friction 15 limiting
F=ur
F=035%2x9.8% 5

Wotl done = Fx s
:035x2x93x§x3

=16 .46
The worlk done by friction 15 165 T
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Exercise A, Question 16

Question:

A rough surface 1z inclined at an angle arcein ;—5 to the horizontal. A patticle of mass

0.5 kg 1z pulled 3 m at a constant speed up the surface by a force acting along a line
of greatest slope. The only resistances to the motion are those due to friction and
gravity. The wotlk done by the force iz 12 J. Calculate the coefficient of friction
ketween the particle and the surface.

Solution:
R
Oms -"':x. 1 -
_/c?? x_\J - .--':__.-"
L
~ i 2
../"’II.'
-
-."'?-)..FJ
_~6
A
0.5z N
E{")E=05gco:f e
24 G
= i -— -
0. 5g ot T _.--"""J— 7
RO _ o
24
F+0sgand=T

Friction is limiting : F = 4R
F :,uxtl_ﬁgx%

_ 24 7
T = Iu.>-<liil.ﬁg>-<ﬁ+lifl.5g><E

Work done by force = Fxs
12=Tx3
T =4

e 24 7
sS4 = #xﬂ.igxﬁ—i—ﬂ.igxﬁ

7
5 4—05x Q.SXE

24
0.5><9.8><ﬁ

W@ =105586
The coefficient of friction 15 0,555,
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Exercise A, Question 17

Question:

A rough surface 15 inclined at 40° to the horizontal. A patticle of mass 1.5 kg 15
pulled at a constant speed up the surface by a force Tacting along a line of greatest
slope. The coefficient of friction between the particle and the surface 15 0.4, Calculate
the worl: done by Twhen the particle travels 8 . You may assume that the only
resistances to motion are due to gravity and friction

Solution:
I
Oms ".x".-:\ T
ﬁT .x'x --':.-H/"""/
/ . f"’.—'
F "‘#:;_.-'"
""-'
.-"’-'
,f"‘; 4
NE
1.5g N
=104

BRI R=15gcoes 400

Friction is limiting 1 5 = puR
F =04x15gcos40’
R

T=F41igsndl’
TF=04x15gcos40" 4+1.5g sin 40°
Wotlt dene by T =Txs
=04x15gcosdl” +15gsndl" ) xs
=1116

The work done by Tiz 1127
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Exercise B, Question 1

Question:

Whenever a numerical value of g is required take g =9.8m s,
Calculate the kinetic energy of

a aparticle of mass 0.3 kg moving at 15m s~

b aparticle of mass 3 kg moving at 2m s

¢ aboxofmass Skgmoving at 7.5m s

d an arrow of mass 0.5 kg mowing at 200 m s~

e aboyof mass 25 kg running at 4 m s~

f aball of mass 0.4 kg moving at 15m s~

g acar of mass 800 kg moving at 20m s~

Solution:

a KE.=3mv’ =2x0.3x15* =33.75=33.8]
b RE.=lm=1x3x2"=6]

¢ KE =gmv' =2x5x7.5" =140.625=141]
dKE=zm =2x05%200° =10000]

e KE=zm’=2x25x4' =200]

f RE.=m/ =1x04x15 =45]

g KE =2/ = 2x800x20% =160 000 ]
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Exercise B, Question 2

Question:

Find the change in potential energy of each of the following, stating in each case
whether it 15 a loss or a gain:

a aparticle or mass 1.5 kg raised through a vertical distance of 3 m

=

awoman of masz 55 kg ascending a vertical distance of 15 m

aman of masz 75 kg descending a vertical distance of 30 m

[T

a lift of mass 280 kg descending a vertical distance of 6 tm

a-]

a man of mass 70 kg ascending a vertical distance of 36 m

==

a ball of mass 0.6 kg falling a vertical distance of 12 m
g alift of mass 300 kg ascending a vertical distance of 16 m

Solution:

aganof PE =mgh=10x%8x3=44 11

b gain of PE =mgh=53x98x15=80857
clossof PE =mgh="70x98x30=22030T
dlossof PE =mgh=530x9 8x6=34104T

e gain of PE =mgh =T0x9 Ex36=24 63617
flossof PE =mgh=06x28x12=T056=T06T
g gain of PE =mgh =500x9 8x16=1254407
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Exercise B, Question 3

Question:

A particle of mass 1.2 kg decreases its speed from 12m s™ to 4 m s~ Calculate the

decrease in the particle’ s kinetic energy.

Solution:
Decreasein EE. = %muz —%wp2
_ 1 o] 2
= j>-<1.2>-<12 j><1.2><4
=763

The decrease in the particle's EE 15 76 8 1
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Exercise B, Question 4

Question:

A wan of mass 900 kg increases its speed from 5m s™ to 20m 7', Calculate the
increase in the van’s kinetic energy.

Solution:
i | a1 2
Increasein EE. = = #V" — =
= %x 900 20° —%xQUUx 5
= 168750

The increase in the van's K. E 15 168 750 T
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Exercise B, Question 5

Question:

1

A particle of mass 0.2 kg increases its speed from 2m s to vm 5™ . The particle’s

kinetic energy increases by & I Calculate the value of v

Solution:
; 1 2 1 2

Increasein K.E.=jmv — il

6 :%XU.Exvg—%xU.Exf

6 =01 —04

e :E:@

0.1
v=8 [w=0

The wvalue of v 15 8.
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Exercise B, Question 6

Question:

Anice-skater of mass 45 kg is initially mowving at 5m s She decreases her kinetic
energy by 100 T Calculate her final speed.

Solution:

Decteazein K E = %mug —ljmv2 +—— —peed is positive.
100 = %x45>< 52 —%x45v2
100 =562.5— 22 G

, 4625

"P O ek
525

v = 44533

v=4533 =0
The skater's final speed is 4.53m s}
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Exercise B, Question 7

Question:

A playground side 15 a plane inclined at 48" to the horizontal. A child of maszs 25 kg
slides down the slide for 4 m. Calculate the potential energy lost by the child

Solution:
e e
Ry
5 e
ol o
& A4
W
25g N
P E lost = mmeh
=25x9.8x (4sin 48" | WVertical distance moved
= 7287 15 4ands".

The P.E. lostby the child 15 728 T
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Exercise B, Question 8

Question:

A ball of mass 0.6 kg 15 dropped from a height of 2 m inte a pond.

a Calculate the kinetic energy of the ball as its hits the surface of the water.
The ball begins to sink in the water with a speed of 4.8m s,

b Calculate the kinetic energy lost when the ball strikees the water,

Solution:
a
5 =2m
a=98%ms™
u fo e
v ="
v =ut+2as " 2 2
- TTee v =u° +2as to
v =042x9.8%2 find the speed of the
v =13972 ball as it hits the water.
K.E.=%mv2 =%><D.6><39.2
=117
The E.E. of the ball as 1t hits the surface of the water 12 11.8 T.
h
RBilos =t mnitomi
E lost = 5 mw” — o wmv
=11.76 — ;% 0.6x4.8”
=4 848

The K E lostby the ball i 4 85T
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Exercise B, Question 9

Question:

A lorry of mass 2000 kg is initially travelling at 35m s . The brakes are applied,

causing the lorry to decelerate at 1.2m s™ for 5 5. Calculate the loss of kinetic energy

of the lotry.
Solution:
u=35ms"!
a=—12ms?
i =53
v="1
v =1+t < Tse v=5+af to find
v=135-12%5 the final speed of the
v =20 lotry.
Lossof EE = %mg—%mv:"
= 2X 2000357 — 2 2000 29°
= 334 000

The loss of E.E. of the lorry 12 384 000 T,
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Exercise B, Question 10

Question:

A car of mass 750 kg moves along a stretch of road which can be modelled as a line
of greatest slope of a plane inclined to the horizontal at 20°. As the car moves up the
road for 500 m its speed reduces from 20m s to 15m s . Calculate

a the loss of kinetic energy of the car,

b the gain of potential energy of the car.

Solution:
‘_J.--”-\_\ -
> i \
N ___,-*"'f
\
a-*'<‘ 3
Y
750 N
a
Lossof EE. = %muz —%mv:"
= %x?ﬁDxEDg —%x?SUx]SE
= 65625

The loss of E.E. of the car 15 65 625 1.

b
Gain of PE = mgh

=T50x % 8y (500 2310 307)

= 1837500
The gain of P.E. of the car 1z 1 837 200 T
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Exercise B, Question 11

Question:

A man of mass 80 kg climbs a vertical cliff face of height & m. His potential energy
increases by 157 klI. Calculate the height of the cliff.

Solution:

Increase of P.E = mgh

157=1000 =80x9.84 —— 1kI=10001T
. 1571000
Bl 98
A =2002

The cliff 12 20.0 m high.
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Exercise C, Question 1

Question:

Whenever a numerical value of g is required take g=9.8m s,

A particle of mass 0.4 kg falls a vertical distance of 7 m from rest
a Calculate the potential energy lost.

b By assuming that air resistance can be neglected, calculate the final speed of the

patticle.
Solution:
a
PE lost =mgh=04x28x7

= 2744
The P.E lostis 274 T

b
EE gained = %mvz —%mz
= 2x04xv? =0

DE lost =EE gained
9744 = %x0.4><v2

;2744
0.2
v=1171

The final speed of the particle is 11.7m 571,
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Exercise C, Question 2

Question:

A stone of mass 0.5 kg is dropped from the top of a tower and falls vertically to the

ground. Tt hits the ground with a speed of 12m s~ . Find
a the kinetic energy gained by the stone,

b the potential energy lost by the stone,

¢ the height of the tower.

Solution:
a
EE gained = %mvz —%mug
=%x05x1f—ﬂ
=36

The K E gained by the stone 1236 T

b
FPE lost =E.E gained

=367
The P.E. lostby the stone 15 26 T,

C

DE lost = mgh
36 =05x08xhk
36
 0.5%9.8
b ="T7346

The height of the tower 15 7. 35 m.
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Exercise C, Question 3

Question:

Aboxofmass 6 kg is pulled in a straight line across a smooth horizontal floor by a
constant horizontal force of magnitude 10 . The box has speed 2.5 m s when it

passes through point P and speed 5m 57 when it passes through point .
a Find the increase in kinetic energy of the box

b Write down the worlk done by the force.

¢ Find the distance PO

Solution:
= 2 5ms! = 5ms-!
6 kg }—» 10N bkg —»= ION
1 .. ‘ i
P 0
a
: 1 a 1 a
Increasein EE. = iV — o i
1 1
= wbxS —Ixhx2 s
2 2
= 56.25

The increase in EE of the box 15 56.3 T
b  The work done by the force 13 56 3T

c
Work done = Fxs +—Work done = change

56.25=10x%s il ENErgy

s :E:jﬁg
10

The distance P01z 563 m.
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Exercise C, Question 4

Question:

A particle of mass 0.4 kg moves in a straight line across a rough horizontal surface.
The speed of the particle decreases from 8m s™ to 4m s~ as it travels 7 m.

a Calculate the kinetic energy lost by the particle.

b Write down the work done against friction

¢ Calculate the coefficient of friction between the particle and the surface.

Solution:
> Bms-1 R R — 4 ms-!
i .zi‘*.
F < \,, F < {
€ 7m > |
W k3
O4de N 04 N
a
1 a1 2
EE lost = Zmu™ — _mv
2 2
1 1
B i><r;1.-4><82—j><£:u.-4><42
=96

The . E lost by the particle is 3.6 T,

b The wotk done against friction 15 3.6 ] +—————Work done = change

in energy
c
RiTy R=04g
Friction 1z limiting 7 = u&
F=0dg=n

Wotl done = Fxs
96 =0dgxux’?
9.6

= ———"="0.73498
049 87

The coefficient of friction 15 0.350.
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Exercise C, Question 5

Question:

A box of mass 3 kg s projected from point A of a rough horizontal floor with speed
6m s~ . The box moves in a straight line across the floor and comes to rest at point B

The coefficient of friction between the box and the floor 15 0.4
a Calculate the kinetic energy lost by the box
b Write down the worlk done against friction

¢  Calculate the distance A5,

Solution:
R > 6m s~ R > 0m s~}
A A
u
O | F € j |
A B|
L 4 b
JgN 3g N
a w =04
EE lost= lmug —lmvg
2 2
1
= x3IxE -0
2
=54

The kinetic energy lost by the box iz 54 T

h The work done against friction 15 54 T

c
R(T) R=3g
Friction iz limiting: 5 = uk
F =04x3g
Wotlk done = Fxe
24 =04x5gxa
g = 23 =4.5%1
0.4x3g

The distance A5 124 59 m.
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Exercise C, Question 6

Question:

A particle of mass 0.8 kg falls a vertical distance of 5 m from rest. By considering
energy, find the speed of the particle as it hits the ground (You may assume that air
resistance can be neglected)

Solution:

P E lost = mgh
=0.Bx98x5
=392

EE gained =P E lost
=382
EE gained = %mvz —%muj
39.2 = 2%0.8v* —0
5 39 2xe
v el
]
¥ =19459

The particle hits the ground at 9.90m 7"
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Exercise C, Question 7

Question:

A stone of mass 0.3 kg 15 dropped from the top of a vertical cliff and falls freely
under gravity. It hits the ground below with a speed of 20 m 7', Use energy
considerations to calculate the height of the cliff.

Solution:

E E gained = %mv2 —ljmg

2 %x 0.3%20% —0

=60
DPE lost =EE ganed
=60
PE lost = mgh
G0 =039 8xk
&0

 0.3%9.8
b = 20.40

The clift 1z 20.4 m high,
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Exercise C, Question 8

Question:

A particle of mazs 0.3 kg 15 projected vertically upwards and moves freely under
gravity. The initial speed of the particle is u m s~ . When the particle is 5 m abowve the

point of projection its kinetic energy is 2.1 I Calculate the walue of 2

Solution:

PE gained = mgh
=03x53.8x5
E E lost=1tial KE —final K E

_1 2_
= 5 21

1 1
= 2x03u =21
EE lost=PE ganed
%x0.3u2—2.1=0.3x9.8x5
s D3x38x542.1
i 1
ij.B
% = 10,58
y =106
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Exercise C, Question 9

Question:

A bullet of mass 0.1 kg travelling at 500m s~ horizontally hits a vertical wall. The
tullet penetrates the wall to a depth of 50 mim. The resistive force exerted on the
btullet by the wall 1z constant. Calculate the magnitude of the resistive force.

Solution:
Lossof EE. = %mz —%mv2
= 2x0.1x 500" =0
Wortle dene by resistance = Fx s
= Fx0.05 ——— 1mm=0001m

Work done by resistance = Loss of EE
Fx0.05 =1x01x 5007

w 0. 1% 5002

0.05
= 250000
The magnitude of the resistive force 15 250 000 I (or 250 kI,

—
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Exercise C, Question 10

Question:

A bullet of mass 150 g travelling at 500m 7' horizontally hits a vertical wall. The

wall exerts a constant resistance of magnitude 250 000 M on the bullet Calculate the
distance the bullet penetrates the wall

Solution:
Lossof EE = %mv2 —%muz
= 1x0.15x500? =0
Wotle done by resistance = F xag
=250 0005
Work done by resistance = Loss of E E
2500005 = 7 0.15x 500° +—————15g=0.15kg
L %0.15%500?
IS' —— 2—
250000
= 0075

The distance the bullet penetrates the wall 12 0.075 m (or 75 mm).
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Exercise C, Question 11

Question:

A package of mass 5 kg s released from rest and slides 2 m down a line of greatest

slope of a smooth plane inclined at 35° to the horizontal

a Calculate the potential energy lost by the package.

b Write down the kinetic energy gained by the package.

¢ Calculate the final speed of the package.

Solution:
| .
(hms r’ik;----
Rl
- ~1
| 3 T
Yms q‘,ﬁkr .-"': 2m
__,--""". ‘5
i""'.a.-l'\"
a
D E lost = mgh
=5xB Bx(Z2ein 357
= 5621

The P.E. lost iz 56.2 T

h
The E E. gained 15 56211

C
EE gained = %P?Ivz —%m:"
56.2 = 2 5%/ —0
. 5602
v -
3
v=47741

The final speed of the package is 4. 74 m s~
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Exercise C, Question 12

Question:

A particle of mass 0.5 kg iz released from rest and slides down a line of greatest slope
of a smooth plane inclined at 0% to the horizontal When the particle has mowved a
distance x m, its speed is 21m 5. Find the value of x.

Solution:

-

Oms-1&e
Cilar”
o O5KE
2 m H_] I'- > i" &
_,x"?’_'%u-‘-
; 1 2 1 2
EE gained = = PV — = il
= 2% 0.5%2* =0
=1
PE lost = mgh=05x98x(xsn 30
PE lost =K E ganed
0.5x98x(xsn 30 =1
1
x= =
0.59% 2 Bxsin 30
= 04081
x =0408
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Exercise C, Question 13

Question:

A particle of mass 0.2 kg is projected with speed 9m s™' up a line of greatest slope of

a smooth plane inclined at 30° to the horizontal The particle travels a distance x m
before first coming to rest. By considering energy, calculate the value of x.

Solution:

5 0m 5-1
_~
r .\._,-'
Oms! _~ 0.2kg
Lt 2
— w0
02kg O~
&
N
1 1
EE lost = —ma — Zanv®
2 2
= 2x0.2x9% =0

PE ganed = mgh
=029 8(xsin 307
PE gained =K E lost

0.2% 9 8(xsin 30%) = %x 0.2 92

0%
x=2—
0.2% 9 8sin 30°
—£.265
—8.27
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Exercise C, Question 14

Question:

A particle of mazs 0.6 kg 15 projected up a line of greatest slope of a smooth plane

inclined at 40° to the horizontal The particle travels 5 m before first coming to rest.

Tze energy considerations to calculate the speed of projection.

Solution:

= Om !

F i,
% -, 0.6 kg
o, ums .
= i " 5m
e .i__,.-’"" ___-)___.-"'
706 kg

_~1 40°

EE lost = %mz — %mv2

_ 1
—jxﬂ.ﬁu 0

PE gained = mgh
= 0.6x % 8x 5s1n 40"
EE lost =P E gained

%x 0.6u2=06%9 8% 55in40°

A 0.6% 9. 8% 5sin 407
3 1
=% 0.6
w="7536
The speed of projection is 7.94 m s~
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Exercise C, Question 15

Question:

A box of mass 2 kg is projected with speed 6 ms™ up a line of greatest slope of a

rough plane inclined at 30° to the horizontal The coefficient of friction between the

box and the plane iz % . Jse the work—energy principle to calculate the distance the

box travels up the plane before first coming to rest.
Solution:

=z 0m st

2e N
_1 2_1_ 2
E.E lost = T — 5 Y
| D
—j><2><6 1]
=34

PE ganed = mgh
=2x 9 8(xsin 307
=9 8x
E(™~)R = 2gsin 30°
Friction iz limiting: & = ui&
_1 . a1
F —§x2331n30 =
Wotk done against fiction = Fx
&
EE lost =PE ganed+work done against 7
36 =9.8xx+3x9.8xx

36 = %x 9 8% x
36% 3
x:
4% 9.8
x= 2755

The particle moves 2,76 m up the plane.
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Question:

& cyclist freewheels down a hill inclined at 30° to the horizontal. The cyclist and his
cycle have a combined mass of 80 kg His speed increaszes from 3ms™ to 12m s

Aszsuming that resistances can be ignored, calculate
a the potential energy lost by the cyclist,
h the distance travelled by the cyclist

Solution:

Ims-le
-
80 ke
- .-'""...- .-""#. )
12ms1&” S
| o i_, xm
80kgS> -
.‘-'"'-'.
et

a
R.E.gainna-:ﬂ,=l2 1;2—%:*?33‘;2
_1 2 1 2
—§x80><12 j><8Cl>=<3
= 5400

; «—— | = i
DPE lost =K. E gained P.Elost = E.E gained

., The P.E. lost 1z 2400 T.

b
PE lost = mgh
5400 = 50 x9.8x (xsin 30°)
5400
T 80x 9 8xsin 30°
S

The cyclist travels 128 m.
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Exercise C, Question 17

Question:

A cyclist starts from rest and freewheels down a hill inclined at 20° to the horizontal.
After travelling 60 m the road becomes horizontal and the cyclist travels a further

50 m before coming to rest. The cyclist and her cycle have a combined mass of 70 kg
and the resistance to motion remains constant throughout Calculate the magnitude of
the resistance.

Solution:

=)
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Exercise D, Question 1

Question:

Whenewver a numerical value of g is required take g =9.8m 7.

A force of 1500 17 pulls a van up a slope at a constant speed of 12m 57 Calculate, in
KW, the power developed.

Solution:
Power = Fxvw

=1500x12

=18 000
The power iz 18 KW,
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Exercise D, Question 2

Question:

A car is travelling at 15m 5™ and its engine is producing a driving force of 1000 .
Calculate the power developed.

Solution:

Fower =Fxv
=1000%15

=15000
The power 13 15 000 %W (or 15 KW,
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Exercise D, Question 3

Question:

The engine of a van is working at 5 kW and the wan is travelling at 18m s Find the

magnitude of the driving force produced by the van’s engine.

Solution:

Power = Fxv

S000=Fx1g
e 000
18

=277

The driving force has magnitude 278 I
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Exercise D, Question 4

Question:

A car’s engine 15 working at 15 %W, The car 15 travelling along a horizontal road. The
total resistance to motion has a magnitude of 600 . Calculate the maximum speed of
the car.

Solution:

(hm 52 .
» " ——— At maximum speed the

acceleration 15 zero.
AN N £ l | >T

R (=) T =600

Power = Fxvw

15000 = 600y

_ 15000
a0l

=25
1

The maximum speed 15 25 ms™ .
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Exercise D, Question 5

Question:

A car has a maximum speed of 40 m 57" when travelling along a horizontal road
against a constant resistance of 300 M. Calculate the power the car’s engine must
develop to maintain thiz speed.

Solution:

> 40 m 5! ¥ ms—2

| At maximum speed the
acceleration 15 zero.

SO0 N < l [ > T

R(—) 7 =500

Power = Fxw
=500 x40
= 20000
The power 1g 20 000 W {or 20 KW

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Exercise D, Question 6

Question:

A wvan iz travelling along a horizontal road at a constant speed of 16m g7

1 .
. The van’s

engine is wotking at 8.8 kW, Calculate the magnitude of the resistance to motion.

Solution:

> 16 m 51

R<— 71

FPower = Fxv
28x10° =Tx16

_ 8800
16
T =550
R R=T
R =550

The magnitude of the resistance 15 550 1.
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Exercise D, Question 7

Question:

A car of mass 850 kg 15 travelling along a straight horizontal road against resistances
totalling 350 I The car’s engine 15 working at 8 KW, Calculate

a the acceleration when the car is travelling at 7m s,

b the acceleration when the car is travelling at 15m s,

¢ the maximum speed of the car,

Solution:
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a
—3 Tms! —3> ams-2
350N < 850kg ——> T
FPower = Fxv -——
9000 =Tw=7
_onnn
T = T
F =
9”?&—350 = 850
2000 uey
a = ?7
330
a=1100

The acceleration is 1. 10ms™ .

h

—> 15ms-!

ISON € 8S0kg —>T

Firzst find the fractive
force produced by the
engine and then nse
F=pma to find the
acceleration.

—3> gam s>

Power = F v

9000 =Tx15

_ooon
T = — =00
F=pu
GO0 —350 = 8BS0

_ 250
250

@ = 02541
2

The acceleration iz 0.2% ms™" .

c
> (ms-! 3 (hm 52
350N < 850kg —> T
E{—)T =350
Power = Fxvw
8000 = 350v
_ 9000
350
w=2571

The mazximum speed is 257 ms™'.
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Exercise D, Question 8

Question:

A car of mass 900 kg is travelling along a straight horizontal road at a speed of
20m 57!, The constant resistances to motion total 300 1. The car is accelerating at

0.3m s Calculate the power developed by the engine.

Solution:

> 200m 5! s 0.3 ms2

AN < 1 900 kg I 3 T

F=ma
T—300=900x073
T =900x034300
=570
Power = Fxv
= 570x 20

= 1140
The power developed by the engine 15 1140 W {or 1.14 13
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Exercise D, Question 9

Question:

A car of mass 1000 kg 15 travelling along a straight horizontal road The car’ s engine
is working at 12 KW, When its speed is 24 m g7
resistances to motion have a total magnitude of R newtons. Calculate the value of R

its acceleration is 0.2 ms™ The

Solution:

> 24 m 5~ 3 0,2 ms2

R <—{1000 L_} 5T

Power = Fxvy

12000 = Tx 24
Bl 2 =500
F =
T—R =1000x0.2
500— R = 200
R =500-200
R =300
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Exercise D, Question 10

Question:

A cyclist 15 travelling along a straight horizontal road. The resistance to his motion 13

constant and has magnitude 28 M. The maximum rate at which he can work 13 280 W,

Calculate his mazximumn speed.

Solution:
> yms-) 5 (hm s—2
28BN € 4 - >T
E(—T=28
Power = Fxw
280 = 28y
v =10

3 g ) -1
His mazimum speediz 10m s
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Exercise D, Question 11

Question:

A van of mass 1200 kg 1z travelling up a straight road inclined at 3° to the horizontal.

1

The wan moves at a constant speed of 20m 7 and its engine is working at 24 KW

The resistance to motion from non-gravitational forces has magnitude & newtons,

a Calculate the value of &

The road now becomes horizontal The resistance to motion from non-gravitational
forces 1s unchanged.

b Calculate the initial acceleration of the car.

Solution:
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=7 (i ms—2

20ms-! - -
5 ms e | o ;-- -

-
L "';. | =2
Re= 1
.-—".I":_{f.

= L
- I

A
1200g N

Power = Fxv
24000 =T w20
24 000

Ir= =1200

R(™ T=R+1200gsin5"
1200 = B +1200gsin 5°

A=1200-1200g sin 5°
R=1750

The magnitude of the resistance 13 175 M.

h

> 20 m 5! ¥ ams—2

175N €— 1200 kg—> T

From abowve, T =1200.

F o= me
1200 —175 =1200z
1200 —175
a e Y
1200
g = 08541

The initial acceleration is 0.854 ms™2 .
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Exercise D, Question 12

Question:

A car of mass 800 kg is travelling at 18m s along a straight horizontal read. The

cat’s engine i3 working at a constant rate of 26 KW against a constant resistance of
magnitude 750 I

a Find the acceleration of the car.

The car now ascends a straight road, inclined at 9° to the horizontal The resistance to
motion from non-gravitational forces iz unchanged and the catr’ s engine worles at the
same rate.

b Find the mazimum speed at which the car can travel up the road

Solution:
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> 18 ms! ¥ ogms 2
T50 N €—— 800 kg —> T
Power=Fxs
26000 =T=x18
__ 2a000
= 12
F =
T—750 =300z
200z = 26000 =750
a = 08680

The acceleration iz 0.268m s>,

b
e vms-!
_
= Dms—= R
Fe "L - b ]
= "
il ol
750N <>
g
Je
800g N

E(™M T =7504800gsin 3"
Power = Fxv

26 000 = Txv
26 000 = (750 +-800% 9 Bsin )
~ 26 000
¥ T 750 +800% 9. 85in 9°)
=135

The mazimum speed is 13.2m ™"
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Exercise D, Question 13

Question:

A van of mass 1500 kg is travelling at its maximum speed of 30m s along a straight
horizental road against a constant resistance of magnitude 600 M.

a Find the power developed by the van’s engine.

The van now travels up a straight road mclined at & to the honizontal. The van's
engine worls at the same rate and the resistance to motion from non-gravitational
forces is unchanged.

b Find the mazimum speed at which the van can ascend the road.

Solution:
a
» Oms—2 3 30 m s-!
G N < 1 1500 kgt > T
Ei{—) T =600
Fower =Fxv

= &600x 30
=18000

The power 13 18 000 % {or 18 KW
b

7 hms™2 B g
\wm‘l ke N
600N &
Jr
15002 N

E{—= T =6004+1500g sin 8"
Power = Fxw
18000 = (600 +1500g sin 87y
o= 18000
(60041500g sin 877
1

The maximum speed1s 6. 80ms™".

=6.803
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Exercise D, Question 14

Question:

A car is moving along a straight horizental road with speed vm s The magnitude
of the resistance to motion of the car 1s given by the formula (1504+3v) I, The car’s
engine iz working at 10 k%W, Calculate the mazimum walue of v,

Solution:

» (m 2 > vm s

(1504 3v) N < 1 f >T

R(—) T =15043w
Power = Fxv
10 000 = (150 + 3v)v
3 +150v—10000 =0
—150 /{1507 —4x 3% (— 10 000)

2 3
=3791 (v=0

The mazximum value of v 15 37.9

v =
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Exercise D, Question 15

Question:

A train of mass 120 tonnes 132 moving up a straight track which is inclined at 2 to the
herizontal. The resistance to the motion of the train from non-grawitational forces has
magnitude & kI and the train’ s engine 13 working at a constant rate of 350 KW

a Calculate the maximum speed of the train.

The track now becomes horizontal The engine continues to work at 350 k%W and the
resistance to motion remains 6 kI

b Find the imitial acceleration of the train.

Solution:
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_ O ms-!
32
0 ms=2 '"'\x,
- | \ —— ags
T e \ =T I
T o e
EXIBPNS ) 1
.--'\I":-i-----
- L= |
1F

150 x 1035g N

BT =6x10° +150x10° g sin 2°
Power = Fxv
350%10° = (6x 10° +150x10° g sin 2%y xv
B 350
T 641509 85in 2")
=6.107
1

The maxzimum speedis & 11ms"".

ltonne =10" kg

When tonnes,
llonewtons and
lalowatts are uzed the
10% will cancel, leaving
easier numbers.

b
> 6.107 m ! » am s
6X 103N < m > T
Power =Fxv
30107 =Tx6.107
_ 350x10°
6.107
F =wa
T—6x10° =150x10°a
3
30XT0 _ ¢ 108 = 150x10%a
6.107
555 s
6.107
a =0.3420

The initial acceleration is 0.342 ms™ .
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Exercise E, Question 1

Question:

Whenever a numerical value of g is required take g =9.8m 7.

A cyclist and her bicycle have a combined mass of 70 kg She 15 cycling at a constant
speed of 6 m s on a straight road up a hill inclined at 5° to the horizontal. She is
wotking at a constant rate of 480 %W, Calculate the magnitude of the resistance to
motion from non-gravitational forces.

Solution:

,-"',-"r-l..
=z bms '
® Yo ot d
l. -
&\
Wb
Tg N

Power = Fxvw
480 =Tx6
T=%=50
B T=R4+7ganZ
B0 =E4+70x98sin5
R =80-T0x%8san =

R =2021
The magnitude of the resistance 1z 2021,
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Exercise E, Question 2

Question:

A boy hauls a bucket of water through a vertical distance of 25 m. The combined

mass of the bucket and water 1z 12 kg The bucket starts from rest and finishes atrest.

a Calculate the work done by the boy.
The boy takes 30 s to raise the bucket

b Calculate the average rate of working of the bov.

Solution:

a
D E. gained by water and bucket = mgh

=12x98x25

= 2940
Initial EE. =final K. E =10

Wotle done by the boy = P.E. gained by bucket

= 23407
b
, worll done 2540 S B ke d
A te of working = = i g v
verage rate of working ——— 20 Eate of doing work = T
=93

The average rate of working of the boy iz 987 57! (or 98 W),
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Exercise E, Question 3

Question:

A particle P of mass 0.0 kg 1s mowving in a straight line from A to 5 on arough
horizontal plane. At.A the speed of Pis 12m 5™, and at B its speed is 8m s~ The

distance from A to B is 25 m. The only resistance to motion is the friction between the
patticle and the plane. Find

a the work done by friction as P moves from A to B,
h the coefficient of friction between the particle and the plane.

Solution:
? 12 ms™! > 8 ms-!
R R
s i
: il : _
F & ) ! P ()]
A B
o e
0.5g N 0.5g N
a
K E. lost by particle = 2x0.5x 122 — 2% 0.5% &’ S
2o friction =E.E. lostby

particle.

Wotlt done by friction = E.E. lost by particle
SO Work dene by friction = 207

b
E{MR =05g
Friction 1z limiting F = pR=pux05g
Wotle detie by friction = F xes
20 = pux00g =25
20

n=—S  =01632
0.5g %25

The coefficient of friction 13 0163
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Exercise E, Question 4

Question:

B{5m)

The diagram shows a particle A of mazs 2 which can move on the rough surface of a

plane inclined at an angle & to the horizontal, where sind = ; A second particle B of

mass S hangs freely attached to a light inextensible string which passes over a
smooth light pulley fized at 20 The other end of the string 1z attached to A, The

coefficient of friction between A and the plane 1z g Particle 5 iz initially hanging 2

m above the ground and 4 154 m from 2 When the system 15 released from rest with
the string taut A mowves up a line of greatest slope of the plane.

a Find the imitial acceleration of 4.

When B haz descended 1 m the string breaks.

b By using the principle of conservation of energy calculate the total distance
moved by 4 before it first comes to rest

Solution:
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D
o ms—2 x""'{"]
.//. }f:u - :e""'f T 5 /
Y r _—. ™
Y ‘___.-"3".?_—__.&"'.. 1L /_,.-’
1 i;.:: ____.--"" - H Jr
ot \” ¥ ams2
o 5 mg e
e _ 4
3
h 3 W=z
2mg 8
a Ei{~) for A:
R=2mgcozd
Friction 1z limiting:
F=uR
= gx Zmgrosd
_ 3 4
=t 2amg 3
5
F=mator & T—(F +2mgantd) = 2ma
r— %mg+2mgx%) = Zma
T2 = ma ()
F=ma for B: dmg—T=>10ma (2)
Derag
0+ 023 5mg—T = T
16wz — T
_lég  16x 938
35 35
a =448
The acceleration of A is 448 ms™.
h For the first Im A travels o———ou I T1e rnetion must be
considered in two parts,
u =10 kefore and after the string
a=448m s brealcs.
Je— The friction force acting on A
) 1z the same throughout the
v =1

v =4t 4 2as
v = 2x448%1
v =896

After string breaks:
Loss of E.E.{of A) = mu’ —%mvz

®2mxB 96 -0

B B S
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Exercise E, Question 5

Question:

A rcar of mass B00 kg is travelling along a straight horizontal road The resistance to
motion from non-gravitational forces has a constant magnitude of 500 M. The engine
of the car 15 working at a rate of 16 KW

a Calculate the acceleration of the car when its speed is 15m 570

The car comes to a hill at the moment when it is travelling at 15m s~} The road is

still straight but is now inclined at 3° to the horizontal The resistance to motion from
noen-gravitational forces 15 unchanged. The rate of working of the engine iz increased

to 24 kKW,

b  Calculate the new acceleration of the car.

Solution:
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> 15ms-! 3 am s2

500N €—— 800 kg } =

Power = Fxw

Ensure units are consistent.

16000 =Tw15
_ labon
r= 15
F = ma
T—500 =800z
16 000 _
T—SUU = B00a
1a 000
— =500
s D
200
a = 07083
The acceleration is 0708 m s>
]
= 15 ms-!
i L
500 N ‘f'_-f:_':'_': i
5
J
Be N
Power = Fxv
24000=T x15
v 24000
e S
BE{AF = pua

T —500—800gsin 5" = 800q

24000 _ 500 —800% 9.85in 5 = 3004

15
B0 = 416,698

g = 05208

The new acceleration is 0.521m s72.
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Exercise E, Question 6

Question:

A car of mass 750 kg is moving at a constant speed of 18m 5™ down a straight road
inclined at an angle 2 to the horizontal, where tan 8 = % The resistance to motion
from non-gravitational forces has a constant magnitude of 1000 1.

a Find, in W, the rate of working of the catr’s engine.

The engine of the car iz now switched off and the car comes to rest 7 seconds later,

The resistance to motion from non-gravitational forces 15 unchanged.

b  Find the value of T

Solution:
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18 ms~1
5 Int.n’]__;},__,.---

Oms=2 A

750g N

=1 = J
tan & =i f=2.8624

R(A T+750g sin 8 = 1000
T =1000—750x% 9.85in 2.8624°

T =632.92
Power = Fxw
= 6329318
=11395%W

The rate of working of the car’s engine is 11.4 KW,
b

= @ ms—2
_.-:.r"."

N 100N~

e -

750e N

The tractive force is

E(LME =ma ZETO.

1000—"750x 3 8xsind = 750g
= 1000—750%9 Bsin 2.8624°

750
a = 08439
u=18ms!
v=0ms"
a=—0843%m s>
t =T
v =ntaf
0 =13—-0843%=T
18
 0.8439
=212z

The walue of T1z 21.3.
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Exercise E, Question 7

Question:

The diagram shows a patticle A of mass 2 which can move on the rough surface of a
plane inclined at an angle 8 to the horizontal, where sind = ; A zecond particle B of

tnass 2 hangs freely attached to a light inextensible string which passes overa

smaooth pulley fized at 20 The other end of the string iz attached to 4. The coefficient

of friction between A and the plane iz i—l The system iz releaszed from rest with the
string taut and A moves up a line of greatest slope of the plane. When each particle
has moved a distance &, 4 has not reached the pulley and & has not reached the

ground.

a Find an expression for the potential energy lost by the system when each particle
has moved a distance s

When each particle has moved a distance = they are moving with speed v

b  Find an expression for v°, in terms of &

Solution:
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~
H ,#’._.--’-’.. -
k .__‘_.--' L 1’
\ F ?
% J: - \
F 4'.--:’___ I
: -___J..-- W _‘ p”_q:
50 2ing
a
DE ganedby A=mgh
= Zmg H(exsind)
= Z2mg HEX %
_ bmgs
5
PE lost by B = mgh
= Zmgs
bage  Smgs
S PE lost by system = 2mgs— =
5 5
i onsidnd, +— | Find the frictional force and
uze the work—energy
R{~) R=2Z2mgcosf BNl
o 4
= Zmg ¥ z
_ Bmg
5
Friction is limiting:
F=ur
S =
_ omg
5

Wotl done against friction = F =g
_ Zmgs
S5
K.E. gained by Aand B = L (2m)? + 2 (3mp?
_ S
3

Wotk—energy principle:

EE gained 4+ wotlk done against friction =P E. lost

Sevt Zimgs _ Hemgs

+
2 5 5
Smvt Tmgs
2 5

S5 2w Temgs
S o
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Exercise E, Question 8

Question:

& parcel of mass 5 kg is resting on a platform inclined at 25° to the horizontal.

The coefficient of friction between the parcel and the platform is 0.3 The parcel is
released from rest and slides down a line of greatest slope of the platform. Calculate

a the speed of the parcel after it has been moving for 2 ¢,

b the potential energy lost by the parcel during this time.

Solution:

Worl done = 18cos25 x14

= 298 3 +— Work done = korizorial compenent of tension x

horizontal distance moved

The work done 13 228 T,

© Pearson Education Ltd 2C
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Exercise E, Question 9

Question:

A lorry of mass 16 000 kg is travelling up a straight road inclined at 12° to the
horizontal.

The lorry is travelling at a constant speed of 14m s and the resistance to motion

from non-gravitational forces has a constant magnitude of 200 kM. Find the work
done in 10 2 by the engine of the lorry.

Solution:
& 14 ms!
,-"'-).
] 0 ms—2 *““
200 000N &\~
W
16 000g
ELMT=200000416000gsin 127
T =232600
Worlk donein 10 5 = force x distance moved
= 232600 (1410
=322 564 000

The work done 1n 105 15 32 600 000 T {or 22 400 kI,
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Question:

A particle P of mass 0.3 kg 15 mowing in a straight line on a smooth horizontal surface
under the action of a constant horizontal force. The particle passes point A with speed

6m s and point B with speed 12m s7.

a Find the kinetic energy gained by P while moving from 4 to &
b Write down the work done by the constant force,

The distance from 4 to 81z 4 m.

¢ Calculate the magnitude of the force,

Solution:
— Hms! — 12 ms-!
03kg () () 0.3 kg
A B
a
. 1 a1 a
EE gained = = BV — il
= 2X0.3%12% = 2% 0.3% 67
=162

The K .E gained iz 1627,

b
The work done by the force 13 16 2 T

c
Wotle done = F xs

16.2 = F x4
_1al
F=22
F =405

The force has magnitude 4.05 1.
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Question:

A box of mass 5 kg slides in a straight line across a rough horizontal floor. The initial
speed of the box is 10m s™. The only resistance to the motion is the frictional force
between the box and the floor. The box comes to rest after mowving 8 m. Caleulate

a the kinetic energy lost by the box in coming to rest,

b the coefficient of friction between the box and the floor.

Solution:
— 10 ms-! — () ms=!
i
I - -
v
S5e N
- -
B m
a
1 a 1 4
EE lost=-mu’ ——wn
2 2
1
= jxﬁxlog—ﬂl
=250

The EE. lostiz 250 1.

b Work done against friction = 2507
Work done = Fxs

200 = Fxi
p o2
8
R R =02
Friction 1z limiting & = ukR
230
2 MHHIE
= i=0.63??"
Hx xS

The coefficient of friction 15 0635,
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Exercise E, Question 12

Question:

A car of mass 900 kg is moving along a straight horizontal road. The resistance to
motion has a constant magnitude, The engine of the car is wotking at a rate of 15 KW

When the car is moving with speed 20m 57, the acceleration of the caris 0.3m ™.

a Find the magnitude of the resistance.

The car now moves downhill on a straight road inclined at 47 to the horizontal The
engine of the car iz now wotking at a rate of 8 KW, The resistance to motion from
noen-gravitational forces remains unchanged.

b Calculate the speed of the car when its acceleration is 0.5m 57

Solution:
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> 20 m s 5 0,3 m 52

] RE— 900kg —> T

Fower = Fxv
15000

T=T=?5U
F = ma
T—R=900x03
Ta0—-R =270
R =730-=-270
£ =430

The magnitude of the resistance 1z 480 I

b

.-'_.a-"'--
0.5 ms—2 &

2
) e
A 480 ‘\’
o e
Y I". g
7 p
A -
?'I &= ..__ 1 o
W
90e N
F =

T+ 900gsin 4° — 480 =900 0.5
T = 4504480 —900gsin 4°
Power = Fxw
2000 = (4504480 —900gsin 4"y
o= 2000
(4504 480—900g sin 47
v = 2541
The speed of the car is 254 m s~
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Question:

A block of wood of mass 4 kg is pulled across a rough horizontal floor by a rope

inclined at 157 to the horizontal. The tension in the rope 13 constant and has
magnitude 75 .

The coefficient of friction between the block and the floor 12 % .

a Find the magnitude of the frictional force opposing the motion
b Find the worll done by the tension when the block moves 6 m.
The block 15 initially at rest.

¢ Find the speed of the block when it has moved 6 m.

Solution:

RPMR+75:5n15 = 4g
R=dg—T55n15"
Frction iz limiting: 7 = 4R
F= Bix(4><9.8—?55m15")

F =7420
The magnitude of the frictional force 15 7.42 ML

b

Worlk done = Fxs
=T5coz15 %6
=434 66

The worlt done 15 435 T,

c
EE gained = work done by tension —work done against friction

%x P = 424 66— T 42%6

; Tse the work—energy
V' = - (434.66 =7 42 6] principle.

v =1396

The block is moving at 14.0m s
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Exercise E, Question 14

Question:

The engine of a lorry works at a constant rate of 20 %W The lorry has a mass of

1800 kg,

When moving along a straight horizontal road there 15 a constant resistance to motion
of nagnitude 600 M. Calculate

a the maximum speed of the lorry,

b the acceleration of the lorry, in m s when its speedis 20m gt

Solution:

> vm s~ 5 0m 52

600N <—— 1800 kg —> 1
Ensure units are

E{—=)T =400 consistent.

FPower = Fxw

20000 =600y
_ 20000

&0
y =3333

The lorry's mazimum speed is 33.3ms .

h

> 20m 5! 3 m s>

600 N <—— 1800 kg 5 T

Power = Fxw

20000 =T 20
F'=1000
F = ma
T'— 600 = 18004
1000—600 = 18004
400
g4 =
1800
a =0.2222

The acceleration is 0.222 m s~ .
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Question:

A car of mass 1200 kg is travelling at a constant speed of 20m 7 along a straight

horizontal road. The constant resistance to motion has magnitude 600 1.
a Calculate the power, in kW, developed by the engine of the car

The rate of working ofthe engine of the car 1z suddenly increazsed and the initial
acceleration of the caris 0.5m s™ . The resistance to motion is unchanged.

b Find the new rate of working of the engine of the car.

The car now comes to a hill. The road 15 still straight but iz new inclined at 20° to the
horizontal The rate of working of the engine of the car 15 increased further to 50 KW

The resistance to motion from non-gravitational forces still has magnitude 600 M. The

car climbs the hill at a constant speed Fm s

¢ Find the value of I

Solution:
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> 20 m 5! 3 (hm s=2

600 N 1200 kg >T

a R{—)T = 600

Power = Fxvw
= &00= 20
=12000 W

=12 kKW
The power iz 12 KW,

b
> 20 m sl % (L5 m s
B0 N € 1200 kg > T
F = ma
T'—&00 = 1200x0.5
T'= 4004600
T'=1200
Power = Fxw
= 120020
=24 000
The new rate of working 1s 24 KW
c
= Oms—2
_.-'”--:rl
= Vms-l -
__.-""" \ 2 ] 11 o
- d___,_.-l:\;"a----_’ '\-.":__J_.,-ﬂ' ! _ll_r_,. -
i e
ia-"'--A" _,.4—"-’-- ”
600N <~
W
1200g N

R(AT" = 600+1200g sin 20°

Power = Fxw
50000 = (600 +1200gsin 2035
B 50000
B (600 4+1200g sin 20
F=10382
=102
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Exercise A, Question 1

Question:

In this exercise 1 and j are perpendicular unit vectors.

A particle of mass 0.25 kg is moving with velocity (121 +4j) m s when it receives
an impulse (81— 7)) s Find the new velocity of the particle.

Solution:

Bi—7]=025v—0.251%4 + 43}
Ene s | Usze impulse=rmv —rm,
S Bi=Tj=025v-31—] )
L then make v the subject
2025y =111—6] of the farmula
Cvo=441 245
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Exercise A, Question 2

Question:

A particle of mass 0.5 kg is moving with velocity (21— 2] m s~ when it receives an

impulse (314530 Ms . Find the new velocity of the particle.

Solution:

A+5)=0.5v—-0521—2
=10 Sﬁr—l+] | Use ifﬂplﬂSE= IV — ¥l
: ; (change in momenturn).
S Ay =di4+ 4§
SV =E8i418)
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Exercise A, Question 3

Question:

A particle of mass 2 kg moves with velocity (31+2)) m s~} immediately after it has
received an impulse (414870 Ms . Find the original velocity of the particle.

Solution:

4i+8j = 2x(3i+ 2j)—2u T
=fi+4j—
codu=60i+4)—4i—Gj motm et
=2i—4j
soa=i—12j
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Exercise A, Question 4

Question:

A particle of mass 1.5 kg moves with velocity (51—8]) m 5™’ immediately after it has
received an impulse (31 —6j) Mz, Find the original velocity of the particle.

Solution:

H—aj=15035-3j)—1.5un
Sl =T5-12)-3i4+4j
=4 5i—fj
su=31-4j
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Exercise A, Question 5

Question:

A body of mass 3 kg is initially moving with a constant velocity of (i+])m s~ when
it iz acted on by a force of (61 —8)) I for 3 zeconds. Find the impulze exerted on the
body and find its velocity when the force ceases to act.

Solution:

impulse = force X time _ _
*— Tlze impulse =force xtime

Soimpulse = (Bl— B 3
=18i— 245

But impulse =change in momentutn

S1Bi—2dj=3(v—{1+])) +— Then use
18— 24j +3i+3j =3v impulse = changein motnentum
S 3v =272 = g
SV ="M=
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Exercise A, Question 6

Question:

A body of mass 0.5 kg is initially moving with a constant velocity of (S1+12))m 57
when it is acted en by a force of (21— 30 I for 5 seconds. Find the impulze exerted on
the body and find its velocity when the force ceases to act.

Solution:

impulse = force X time
={21—] x5

*— Tze impulse = force xtime .

=10i— 5

Butimpulze = change in momentutmn

A =5 =05(v—(3+121)}  *—— Then impulse = change in

Sl =53+425+6)=05v momentum.
S0sv=1251—j
SV =25—2)

© Pearson Education Ltd 2C
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Exercise A, Question 7

Question:

A particle of mass 2 kg is moving with velocity (51+32)) m s~ when it hits a wall. It

rebounds with velocity (—1—3j)m s . Find the impulse exerted by the wall on the
particle.

Solution:

impulse = change in momentum | TUse impulse = mv—pm .
=2{(1 -3 —2{31 43
=—12a1-12

© Pearson Education Ltd 2C
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Exercise A, Question 8

Question:

A particle of mass 0.5 kg is moving with velocity (11— 2)) m s~ when it hits a wall.
It rebounds with velocity (—i+7j)m s~ Find the impulse exerted by the wall on the
particle.

Solution:

impulse = change in momentum

= 0.5% (< +7)— 0.5% (11i— 2j)
= —6i+41]
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Exercise A, Question 9

Question:

A particle P of mass 3 kg receives an impulse Q s, Immediately before the impulse
the welocity of P iz 5im 5™ and immediately afterwards it is (131—6j)m s, Find
the magnitude of () and the angle between Q) and 1

Solution:

Q =mv—rpm

= 3(13i — &§) — 3(50) P
= 24i—18j
Q= JeHT + (=187 —
=30
- 24 -
) =g | i

B ;18

Let o be the acute angle betweeniand Q.

Then
18

tan @ = &
SELE T

oo =36 550 1)

© Pearson Education Ltd 2C
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Exercise A, Question 10

Question:

A particle P of mass 0.5 kg receives an impulze Q Nz Immediately before the
impulse the velocity of P is (—1— 2] m 57 and immediately afterwards it is

(31—4j)m s, Find the magnitude of Q and the angle between Q and 1.

Solution:

Tse impulse = change in momentum.

Q = 0.5(3i—4j)—0.5(—i— 2j)
= 2i—j
Q=2+ 1
= f5=224 (3s£)

Let o be the acute angle between ) and 1.

Tse

1
tan e = =
2

Soa =266 (3sf)
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Exercise A, Question 11

Question:

A cricket ball of mass 0.5 kg 15 hit by a bat. Immediately before being hit the velocity
of the ball is (201 —4j) m s™ and immediately afterwards it is (—16i+8))m 5™ Find
the magnitude of the impulse exerted on the ball by the bat.

Solution:

Impulse = change in mom entum
= v —
=05x{—1648)— 053201 — 47
=—di+4 101425
=—184¢)

S Magnitude of the impulse = ~.|I'|:—18]I:4 +6% =6:{10

=19.01%s (3s.£)
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Exercise A, Question 12

Question:

A ball of masze 0.2 kg iz hit by a bat. Immediately before being hit by the bat the
velocity of the ballis —15im s and the bat exerts an impulse of (214 67) Ns on the
kall Find the velocity of the ball after the impact.

Solution:

TTzeimpulse = change in mom entum

21+ 6j = 0.2v—0.2(—151)

—02v+3
0.2y =20+ 6j— 3
= —i+6j
v = —5i+30j
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Exercise A, Question 13

Question:

A particle of mass 0.25 kg has velocity vm s~ attime ¢ s where v=(£* —3)i+44 .

When ¢ =3, the particle receives an impulse of 2142 MNs . Find the velocity of the
particle immediately after the impulse.

Solution:

v=0z* =3 +44

TWhen =2 let v=u * substitute # =2 into expression
for velocity, to find the velocity
u=*f1412 before the impact.

TTse impulse = change in momentum
Then 21425 = 0.25v—0.25(61 4 27}
S025v =214 23402506+ 2
=353M4275
Sy =144+10)
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Exercise A, Question 14

Question:

A ball of mass 2 kg is initially moving with a velocity of (1+])m s Ttreceives an
impulse of 2 Ms. Find the welocity immediately after the impulse and the angle
through which the ball 1z deflected as a result. Give your answer to the nearest degree.

Solution:

Tseimpulse = change in momentum
L2y =2v—=20147)
S2v =2 4214

=Zzi+4j
v=1+2)
/ Eefore impact the welocity
-,-// V‘fas 1_+] and so the *+— Find the angle between the
/??‘ ! AN direction of the balllwas direction of the welecity and
at an angle o withi, the direction 1, both before
ol o S | where and after the impulse.
i tan{:z:i-,i.e. =45
A
f)’
y : 5ok
After impact the velocity 13
P4 . o A Then calculate the angle of
/ Y 14 2) and so the direction ;
/, T &l . deflection.
/ of the ball 1z at an angle 3
i
/ o 0
/f with 1, where tanr-ﬁ=T,1.e.
AP | B=634

. The ball 15 deflected through an angle of 12.4°.
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Question:

A particle of mass 0.5 kg moving with velocity 31 m s collides with a particle of

mass 0.25 kg moving with velocity 12im s, The two particles coalesce and move as
one particle of maszs 075 kg Find the velocity of the combined particle.

Solution:

Let the new velocity be . Let the new velocity be x1

and use conservation of
Tsing conservation of momentum momentum. Equate 1
component to find x.

05x3+025x121=075x
S 10i+31 =075

. 0.75x = 4.5
. 45
5 .x e PR VL,
0.75

=6

So the welocity of the combined particle is 6ims™.
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Exercise A, Question 16

Question:

A particle of mass 5 kg moving with velocity (i—j)m s~ collides with a particle of
mass 2 kg moving with velocity (—147)m s The two particles coalesce and move

as one particle of mass 7 kg Find the magnitude of the velocity v m s~ of the
combined particle.

Solution:

Tse conservation of momentum to
find v, then use Pythagoras’

Theorem and trigonometry to find
| v| and the angle between v and 1

Let the new welocity be x1437 .

TTze conservation of momentum:

SA—304 2(—1+3) ="z
Then 5i—5—2i+2j="7x+7x
LA=3=Tn+"7n

Equate coefficients of i and j to give

Tr=3and Ty =-73

' welocity iz Ei—ij
v 7 7

3

?]2 =22 =0.606 ms7'(35.5)

7
The magnitude of the velocity is [%] -|—[—
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Exercise B, Question 1

Question:

In each part of this question the two diagrams show the speeds of two particles 4 and
B just before and just after a collision The particles move on a smooth horizontal
plane. Find the coefficient of restitution ¢ in each case.

Eefore collision After collision
a . _
6£ : At rest At rest 4E_ :
A 5 A B
b 4ms! Ims? Ims! Ims™
A B A B
£ Oms! fims? Tms™! Ims!
A B A B
Solution:
4—0_ 2
a e=——=_
6—0 3 Tze
w,—w _ speed of separation
h é.:E:l é‘:u —u - speed of approach
4 o 2 17
C
)
9—(—10)
=2
15
=1
3
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Exercise B, Question 2

Question:

In each part of this question the tweo diagrams show the speeds of two particles 4 and
B just before and just after a collision The patticles move on a smooth horizontal
plane. The masses of 4 and B and the coefficients of restitution ¢ are also given Find
the speeds v and v, in each case.

Before collision After collision
aesp | emt g | owmst owme?

A(0.25km E(l.5kg) A0.25kg) E 0.5k
b e =025 4t st vms! vt

A 2kg) B (3kg) A 2kg) B (3kg)
o=y |emg emst|wmet o vme

A(3kg) B(lkg) A(3kg) B (lkg)
4 o=z | emst emet | wme? nme

A(400g) B (400g) A(400g) B (400g)
¢ ey |ml mmet fwmet o vmed

AlSkgy Bidka AlSkgy Eidkg
Solution:
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TTse conszervation of linear

a  Tlsing conservation of linear momentum: — | momentum and Newton's Law
of Eestitution.

0256405 0= 025 40.5v,
Multiply equation by 4.

6=y +2v, oy
Using Mewton's Law of Restitution:

speed of separation
g =

speed of approach

. 1 w—W
1:Ex: = ——
2 -0

L3 =w ey (23

Add equations (1) and (23
Then
8=71y
SV =3

sSubstitute into equation (1)

Sb=w +2x3E

Sow =0
o Ais atrestand B moves at 3ms™! after the collision.

b Tlaing conservation of inear momentum:

2xd+3x2 = 2w +3v,
S 14 = 2w 43, (1)

Tsing Mewton's Law of Eestitution:

_ speed of separation

speed of approach

Lpos=r""

GlSe=aneme (8]
Llultiply equation (2) by 2 and add to equation (1),

15 =5,
Sy = 3
substitute into equation (1) w = 21j

1

oA and B omove with speeds Z%ms' and 3ms™! respectively after the

collision.

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Page3 of 3

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise B, Question 3

Question:

A amall smooth sphere 4 of mass 1 kg is travelling along a straight line on a smooth
horizontal plane with speed 4 m 5™ when it collides with a second smooth sphere B
of the same radius, with mass 2 kg and travelling in the same direction as A with
speed 2.5m s

After the collision, A continues in the same direction with speed 2m 7

a Find the speed of & after the collizion

b Find the coefficient of restitution for the spheres.

Solution:
a
1 i
(1 kg) (5 ko) 1 Draw a clearly labelled
ey diagram.
Before Impact = 4 m s-! =2 & m 5!
Aditer Impact = ms=! - ms=

Let the speed of &, after the collision, be vm sl

TTze conservation of linear momentum:

Ixd4+2x25=1x 242w

e =24
cew=7
v=35

Speed of B after the collision is 3.5ms™".

b TTse Newton's Law of Restitution

© Pearson Education Ltd 2C
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 4

Question:

Tweo spheres A and B are of equal radius and have masses 2 kg and & kg respectively.
A and B move towards each other along the same straight line on a smooth horizontal

surface with velocities 4m 5™ and 6 m s~ respectively. If the coefficient of friction
13 % find the welocities of the spheres after the collision and the magnitude of the

impulse given to each sphere.

Solution:
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-~ . Fag N
! \ f \
2ka | 6le )
/ \ J
S 2 SR
Before impact = 4 ms! - i ms-l
AllEr i e —= —_—

Tzing conservation of linear momentum:  *——— Tlze conservation of linear

momentum and Mewton s Law
2xd—bxb =2y + 6y, of Bestitution.

Co—28 =2y +ow,

+— by

Before impact:
So=1d=w 3w (1)

Using Mewton's Law of Restitution:

5 4-(-8)
gl e
B {1

Le. 2 =w,—w ()
Add equations (17 and (2)

—12 =4y,

SV =i
sSubstitute into equation (2)

2=—3—y
S = =5 [Check in equation (1).]

The speed of A and B are 5 ms~! and +— TTge
3ms"! both now in the direction that B was impulse = change of momentum
moving before the impact. for each particle separately.

The impulse given to sphere A =change in momentum of sphere A

= 2% (—5)—2x4
=—13Ns

The impulse given to sphere B =change in momentum of sphere &

= 6x(—3)— Ex(—6)
=18 1s

S A and B experience equal and opposite impulses — to the left on A and to the
right on B

© Pearson Education Ltd 2C
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Exercise B, Question 5

Question:

Two particles of mass 2e and 3w respectively are moving towards each other with
speed & If the 3m mass iz brought to rest by the collizion, find the speed of the 2w
tnass after the collision and the coefficient of restitution between the particles.

Solution:
Py TN
| n | 2 m
B gl
Before collision - i - "
After collision - 1 . ]

Let the speed of the 2m mass be vms™ after the collision.
Tsing conservation of linear momentum:

2rm— Spme = 2y 4+ 3mx 0
JL—E = 2y
%
I'Iv |

2
Using Newton's Law of Restitution:

0—1

()

Ia] — §J|MIF=

. The 2me tass moves with speed Hjms'1 after the collision, having changed

direction.

The coefficient of restitution is i_l

© Pearson Education Ltd 2C
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Exercise B, Question 6

Question:

Two particles A and B are travelling along the same straight line in the same direction
oft as smooth horizontal surface with speeds 3u and & respectively. Particle A catches
up and collides with particle B If the mass of £ 15 twice that of A and the coefficient
of restitution is ¢ find, in terms of 2 and &, expressions for the speedsz of 4 and B after
the collision.

Solution:

Before collisaon = in = i

After collision - i

Let the speeds of 4 and B, after the collizion, be v and w respectively.
TTzing conservation of linear momentum:

B Bn 4 Zemin = v 4 2w
-+ through by a2
Sovtdw=5 (1)

Using Mewton ¢ Law of Restitution:

z

—V

=&

¢ W

Y,
4 v =Zdue ()
Add equations (1) and (2)
3w = w5+ 28)
oW =%(5—I—2e)
subtract twice equation (2) from equation (1)

Coov = S —due

2
Sy =—i5—dg
3( )
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Exercise B, Question 7

Question:

Two identical particles of mass #e are projected towards each other along the same

straight line on a smooth horizontal surface with speeds of 2u and 2x. After the
collizion the directions of motion of both particles are reversed. Zhow that this

implies that the coefficient of restitution ¢ satisfies the inequality 2 = % .

Solution:

Before collisaon = 2 i il i

After collision = -

Tsing conservation of linear momentum:

o 2u 4 (=30 = v+ mew
Sovtw =—u (1)

Tsing IMewton's Law of Eestitution:

W—
=g
2 43

Sow—v = Den ()

Add equations (1) and ()
2w = Den —u

W= %(5@- -1
=ubtract equation (2) from equation (1)

2v = —u— e,
= %(—1—53)_
Az directions of both particles are reversed, v< 0 and w =0,
b v=—g(l+5e) then v < 0 for all walues of e
w=%(5€—1),then w0 implies Se—1= 0
e e=l

5
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Exercise B, Question 8

Question:

Two patticles 4 and B of mass s and ke respectively are placed on a smooth
horizontal plane. Particle A is made to move on the plane with speed & 50 az to collide

directly with & which is at rest. After the collision B moves with speed %n .
a Find, in terms of & and the constant &, the speed of 4 after the collision

b By using Newton's Law of Restitution show that % < k= % :

Solution:

Before collision = du -yl
Aler collision — | —_—
a Let the speed of 4 after the collision be v.

Tsing conservation of linear momentum:

mu i = mv+ﬁm><%u

VB = mu—%m

+ through by

g 3 u P
SV =H ﬁku orm(lﬂ 3k

b Tsing Mewton's Law of Restitution:

ey
] s
w—10
3 3
.mu—(u—ﬁku) = gu

3 T
,,ﬁm—mu =au

Multiply both sides by 10 and — by u

S =T4+10e

o0

AT fheh EE!‘CEE- — To shqw the inequality,
3 3 vou will need to use
N=g=1.
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Exercise B, Question 9

Question:

Two patticles 4 and B of mass m and 3 respectively are placed on a smooth
herizontal plane. Particle A is made to move on the plane with speed 2u 50 as to
collide directly with 5 which is movwing in the same direction with speed u. After the
collision B moves with speed ku, where k15 a positive constant.

a  Find, in terms of & and the constant &, the speed of A after the collision

b By using Mewton's Law of Eestitution show that % i % .

Solution:

Before collision - -

Afler colliskion r - by

a Let the velocity of 4 after the collision be v

Tze conservation of linear momentutm:

w2+ 3w = pav+ Sk
Cov B = Su
1ev =uld—3k

b Using Mewton's Law of Restitution:

b —v
=g
2u—u
ck—v = au
b —u(5—3k) = eu
dim— 5 = eu
k e+5
4
But 0<e<l -,%gk{_:% “«—— Youwill needto use
the condition 0=es=1.
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise B, Question 10

Question:

L particle P of mass w2 15 mowving with speed du on a smooth horizontal plane. The
particle collides directly with a particle O of mass 2 moving with speed 2u in the
same direction as 2 The coefficient of restitution between P and ' iz 2.

a =how that the speed of ( after the collision 1z %(5+€) :

b Find the speed of P after the collision, giving your answer in terms of 2.
¢ =how that the direction of motion of F 15 unchanged by the collizsion, prowided
3
that & <=

d  Given that the magnitude of the impulze of P on O is 2e, find the value of 2.

Solution:
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I Q

_-'\_ l/'_"\

mo | 3 m
o P

Before collision = A -
collision - -

Afler

a

d

Let the speeds of P and {J after the collision be v and w respectively.

TTzing conservation of linear momentum:

e dee  Be 2 = pov - Sene

Sr+3w =10 (1

Using MNewton's Law of Eestitution:

W—v
=g

dag — 2

SoW—v = Zue ()

Add equations (173 and (2).

dyw = 10w+ Zue
) 2 _u
SOH —T(ﬁ—l-é']l—j(ﬁ—l-e)

substitute into equation (1),

v+%(5+é}=10u

oo ke Gue
VRIS

T “5(5—33)

[Check that w and v satisfy equation (23]

The direction of motion of F iz unchanged provided that %(5 —3g) =10

. 3
o]
1.e & 5

Change of momentum of (J 15

S

3w(w—&;)=3ng[_+ﬂ—2u

2 2

3
=?’m(1+g)

But impulze of P on (15 Zeen

PhysicsAndMathsTutor.com
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Tze v= 0, where v 15
velocity of P after the
collision.

Tse impulse = change
in momentum of &
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Exercise C, Question 1

Question:

Whenever a numerical value of g is required, take g =98m s

A smooth sphere collides normally with a fized vertical wall. The two diagrams show
the speeds of the sphere before and after collision. In each case find the value of the

coefficient of restitution o
a Before impact

10ms!

—_—

O Wall

b EBefore impact

fims"

D —

O Wall

Solution:

_ speed of rebound

a =

speed of approach

_ speed of rebound

speed of approach

© Pearson Education Ltd 2C
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After impact

4ms!
O Wall
After impact
Ftms
O TWall
‘—
Use o= speed of rebound

speed of approach
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 2

Question:

A smooth sphere collides normally with a fized vertical wall. The two diagrams show
the speed of the sphere before and after the collision The value of 2 13 given in each
case.

Find the speed of the sphere after the collision in each case.

_1 Before irmpact Lfter impact
a o=
Tms™ v~
O Wall O Wall
b gl Before irmpact ALfter impact
3
121! ¥ims™!
Solution:
a 1T
. % — speed of rebound
Tse 2=
speed of rebound speed of approach

and malke speed of rebound

speed of approach :
3 £R the subject of the formula.

ik s
T
v o= Tl
v )
=335

Speed of sphere after collision is 3.5ms™".

b Tse

_ speed of rebound

E =
speed of approach

=

= e

=12

R Rl

=3
1

", speed after collisionis 3ms™ .
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Edexcel AS and A Level Modular Mathematics
Exercise C, Question 3

Question:

& smooth sphere collides normally with a fixed vertical wall. The two diagrams show

the speed of the sphere before and after the collision. The value of ¢ 15 given in each
case.

Find the speed of the sphere before the collision in each case.

sl EBefore imnpact After impact
a g=xz
ums? 4ms?
O Wall O Wall
b _3 EBefore impact Afer impact
A
ums™? f st
O Aall Wall
Solution:
a Tse
_ speed of rebound
speed of approach
1 _ 4
RS T
uxE=4
)
S =4dxd

Speed before the collision iz Bms™!

b TIze

speed of rebound

speed of approach

| =

=N
e s

%12
=3
1

‘. speed after collisionis 3ms™ .
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Exercise C, Question 4

Question:

A small smooth sphere of mass 0.3 kg is mowving on a smooth horizontal table with a
speed of 10m 57 when it collides normally with a fized smooth wall. It rebounds
with a speed of 7.5m 57}, Find the coefficient of restitution between the sphere and
the wall.

Solution:
Tze
_ speed of rebound
speed of approach
s 13
o 10
1e e =075
The coefficient of restitution 12 0.75 or %
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Exercise C, Question 5

Question:
& particle falls 2.5 m from rest on to a smooth horizontal plane. It then rebounds to a
height of 1.5 m. Find the coeflicient of restitution between the particle and the plane.

Give yvour answer to 2 5.

Solution:

The particle falls under gravity: ' B AR

hits plane by using constant

E=coEs =] acceleration formula.

Tse v =u” + 2as as motion 15 under constant acceleration.

U b

sy =.f5g =~/5%5.8=/48=7

Particle strikes the plane with velocity 7ms™L.

After it rebounds it moves under gravity to 2 +——— Aferthe impact the
height of 1.5 m. motion is again under
aravity.

u="rg=10a=—gv=10
Tse

v =u? 4 2as

S 0=u?—2gx15
cut=3g
= 3% 9.8
=294
o =+29.4
= 5422

The velocity after impact is 5.422m s
Teing

_ speed of rebound

speed of approach

0=222=2078(2:£)
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Exercise C, Question 6

Question:

A particle falls 3 m from rest onto a smooth horizontal plane. Tt then rebounds to a

height 2 m The coefficient of restitution between the particle and the plane 15 025

Find the wvalue of &

Solution:

The particle falls under gravity

g=3u=0a=gv="1

Tse
v =y 4 Zas . Tse v* =2 + 2as for the
2 motion before impact and for
vi=2wgx3 : :
the totion after impact.

e 5

It hite the ground and rebounds. The welocity after the impact is 2w,
Le new velocity 15 0.25,/6g .

It rebounds and mowves under gravity.
u=0250Jbg a=—g.s=hkv=10
TTze

v =u? 4 Zas

2
S0 =025 /6g| —2ghk

sl
Zgﬁz—ﬁxﬁg

_fe.
h=g+g
. _ 3
E=

oo the particle rebounds to a height of %m =1875cm .
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Exercise C, Question 7

Question:

A small smooth sphere falls from rest onte a smooth horizontal plane. Tt takes

2 seconds to reach the plane then another 2 seconds to reach the plane a second time.

Find the coefficient of restitution between the particle and the plane.

Solution:

The sphere falls under grawvity.
u=0t=2a=gv="

Tze

v =u +af ] Use v=u+af to find the sphere’s

velocity when it hits the plane.

Sov=2g

#_‘_‘_‘_'_""“—'R—-—._._

This 15 its velocity when it hits the plane.

The sphere then bounces and itz new velocity is 2ge, where 2 iz the coefficient of
restitution.

The sphere then moves under gravity for 2 seconds.

w=2dge,a=—g,t=2,8=10

TTze
& = uf +%cx.ﬁz +— For the motion after impact,
.'.U=2gé'><2—1§g><4 use s=uﬁ+%a£2 with s=10
=dge—2g. and & =—g.
Sdge =2g
_g_1
4g 2
The coefficient of restitution is =

5
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Exercise C, Question 8

Question:

A zmall smeocth sphere falls from rest onto a smooth horizontal plane. Tt takes

3 zeconds to reach the plane. The coefficient of restitution between the particle and
the plane iz 0.49,

Find the time it takces for the sphere to reach the plane a second time.

Solution:

The sphere falls under gravity.

u=0i=3v="a=g

Tse
v =u+ai
v =3g

After impact the new wvelocity 15 049x5g .

The sphere then moves again under grawvity.
u=04%x5gi="a=—g.s=10
Tze
5=t +%a£2
0= 1.4?gﬁ—%gﬁg

, = 2x147¢g

g
=29z
Sothe time 12 2.9 (2.4
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Exercise D, Question 1

Question:

Whenever a numerical value of g is required, take g=98m 5.

Three small smooth spheres A, B and C of equal radius move along the same straight
line on a horizontal plane. Sphere A collides with sphere B and then sphere B collides
with sphere O

The diagrams show the velocities before the first collision, after the first collizion
between A and 5 and then after the collision between B and C

a Find the values ofw, v, x and yif =% for both collisions.

Before collision After 4 and B have collided After £ and O have collided

Szt 1tns? dmg! ums! ving ! 4mg! ums! xme ! p st

—_— | — ] — ] — ] — ] —— | — ] € —_— | @ —

O 1O 1010101010 00O

A(2kg) | B(lkg | ¢(2kg | Ac2kg | Bk | o(2kg) | A2k | Bolkg | (kg

b Find the values of o, v, x and y if & =é for the collision between A and & and # =%

for the collision between & and &
Before collision A fter 4 and B have collided A fter B and O have collided

10ms? 2ms? Ims ! ums ! ving ! Gms ums ! rme yms !

—_— | | — | — —_— | — | — —_— | —

Q. a2 |6 |G |G |G O |16 ||

A(l5kg) |B(2kg) |C(lkg) |A1Skg  |B(lkg  |Colkg)  |A(1Skg)  |B(lkg |C(lkg

Solution:
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First collision (between A and &)
*+— First consider the collision
A B between A and £ and use
N A conservation of linear momentum
\3 k‘.!/ \I_ |'~'1.~‘/, and MNewton's Law of Eestitution
to find « and v. Then repeat the
Before collision = 5ms-l = | ms'| process for the collision between
Eand
After collision - i -y

Tze conservation of linear momentutmn:

2xo+Ixl=2u4+
S 11=2u 4y (1)

TTse Mewton's Law of Restitution:

1 v—u
é:_:
2 5-1
Sov—i :%xdl
v—i =2 (2

Subtract equation (2) from equation (1)

9 =13y
=3
Substitute into equation (1)
=64
v = 5 [Check in equation (2]

Second collision (hetween B and )

B C
N Sy
[1kg) (2 ke
SN 4 ‘\_____/
Before collision = v=5ms"! = 4 ms-]
After collision L -y

TTze conservation of linear momentum:

I+ dwd=1ux+ 22y
13 =x4+2y (3

Tse Newton's Law of Restitution:

e
g=_=

2 54

1

z=y—x @&

Add equations (3) and (4}
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Exercise D, Question 2

Question:

Three small smooth spheres A, B and O of equal radius have masses 500 g, 500 g and
1 kg respectively. The spheres move along the same straight line on a horizontal
plane with A following £ which iz following O Initially the velocities of 4, Band O

are dim s —2im s and 0.5im s respectively, where 112 a unit vector in the
direction ASC Sphere A collides with sphere 5 and then sphere B collides with

sphere O The coefficient of restitution between 4 and & 1z % and between 5 and C 1z

;—. Find the wvelocities of the three spheres after all of the collisions have taken place.

Solution:
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A B c Draw clearly labelled
—~ P i diagrams for each
£ \ e N collizion separately.
(500 ¢ (500 g ((1kg ) F 7
S o A \. / * | Make it clear which
speed refers to which
Before 1st Impact = 4ms-! - 2 m s = (1.5 ms"! P :
particle.
Adfter 1st Impact = m s =y ms! = (L5ms"!

Impact hetween 4 and B
TTzing conservation of linear momentumnm:

059x4—05x2=025405
1=05 405 (1
Tsing MNewton's Law of Restitution:

V—u

y
22_27
3 4—(=2)

2

So—Mb = v—u
3
1ed=v—u (2
Multiply equation (1) by 2 and add to equation ()

Sh=2p
Sov =3

Substitute into equation (2) 4 =3—u and u=—1
[Check i and v 1n equation (17.]

Impact hetween & and

B C
M, Ty
| 500 ¢ | [ 1kg |
I\'\_ // .\\-\._ .--'/r
Before Impact = 3ims! = (1.5 ms!
After Impact =~ ms = vms!

TTzing conservation of linear momentum:

0.5%34+1x0.5 = 0.5x +1y
L 2=05x+y (D)

Using Mewton' s Law of Restitution:

=1_= "y_x
2 3-035

il .
..EXE.S—}: x

L1255 =p—x (2
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Exercise D, Question 3

Question:

Three perfectly elastic particles 4, 5 and O of tasses 32, Sir and 4 respectively lie
at rest on a straight line on a smooth horizontal table with B between A and C. Particle

Ais projected directly towards B with speed 6 m s and after 4 has collided with B,
Bthen collides with O Find the speed of each particle after the second impact.

Solution:
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A i C
- N o
[ 3m | | 5m | [ 4m |
\& 4 e .-/J b .-/JI
Before 1st Impact = m 5] = (hm 5! = (i m 5]
Atiter 1st Impact = pom s = v m 5!

TTse conservation of linear momentum:

S b4 S0 = 3mu + Do
S1E =3u+v ()

TTze Newton's Law of Restitution:

‘Perfectly elastic’ means
& g=1

h=v—u (2)

Add equation (1) to 3 times equation (23,

36 =8y
36
= §—4.5
: . : SE=4 50—y
Substitute into equation (23
Suw=—135
Second impact:
B C
=) Al
[ Sm | 4m |
h .J/J R ./)l
=4 5ms! = (lms~!
= xm s = ym s

TTze conszervation of inear momentum:

Swerd DA 0 = Simx - dagy
225 =Sx44y (I

Tse Mewton's Law of Restitution:

e=1=2"7
4.5-0
SAL=y—x (2

Add equation (1) to 3 times equation (2)'

545 =9y
Sy =35

substitute into equation (2

PhysicsAndMathsTutor.com
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Exercise D, Question 4

Question:

Three identical smooth spheres A, B and O, each of mass #, lie at rest on a straight
line on a smooth horizontal table. Sphere A 15 projected with speed u to strike sphere
B directly. Sphere B then striles sphere O directly. The coefficient of restitution
between any two sphere is e, 22 1.

a Find the speeds in terms of w and ¢ of the spheres after these two collision

b Show that A will catch up with 5 and there will be a further collizion

Solution:
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1 B C
ra .f/.-- \ O,
[ m [ m ) m
L S S L
Before 1st collision = pms] = () m 5! = (I ms~]
Adter 1st collision = m sl = wms!

Tzing conservation of linear momentum:

e = pov 4 e
S =v+w (1)

W=y

&
e =w—v (2

Add (D+(2)

cou(lte) = 2w—>w=%u(]+e}
subtract (1) —{2)
ca(l—e)=2v = v="1u(l—¢)

Consider second collision

B C
ol /7 T\ *—— The second collision here is similar
. ™ J L v to the first. The only difference is
S .
that the mowing sphere has a
Before 2nd collision —= wm s~ =0ms! different velocity. Replacing “u” by
this welocity will give expressions
After 2nd collision = rm sl = ym s~ for velocities of & and C after the
second impact.

By similar reasoning to abowve y=%w(1+e} and x=%w(1—e}
And as w=%u(] +¢&)

y=gu(l+e) and x=Ju(l+e)(1-e)
. The speeds of 4, B and T after the two collisions are
%u(]—e),lu(l +eiil—e) and %u(l +&)* respectively.
b A will catch up with B provided that
u(l—e) > Zu(l+e)(1-¢)

Le provided that 2 =14
since @ =1 thiz condition holds and 4 will catch up with & resulting in a further
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Exercise D, Question 5

Question:

Three identical spheres A, 5 and O of equal mass #2, and equal radius move along the
same straight line on a horizontal plane. 815 between A and C. 4 and & are moving
towards each other with welocities 4o and 2w respectively while O moves away from
B with velocity 3n.

a  Ifthe coefficient of restitution between any two of the spheres 12 2, show that &

will only collide with Cif 2 = %

b Find the direction of motion of A after collision, if ¢ = %

Solution:
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A B &
;Jf'_- ""\-\. ..)_,-"- -"‘-\\' lr/__..- -\
[ m J | m | | m |
s A S \\--. g
—= du -— Ju —= 3u

First collision:

1 B
II_./" -.-\\\. __{ T N
Firsi Collision: | m | | m |
b L
Betore Impact = Ay - 2u
After Impact -y -y

a Let velocities of 4 and B be v and w after impact
Tsing conservation of linear momentum:

i i — i 2 = mv - pnw

Jodw =vtw oy
Tzing Mewton's Law of Eestitution:
W=
e ——
dee — (=21
Cobe = w—v (2

Add equations (1) and (2)

2w = Zu 4 bue
Sow=ul143e)

Bwall then collide wath O af

W By
wil4+3e) = 3u
1.e 3 3‘2—}23%
b Subtract (2) from (1)
21— Bre = 2y
Sy = 2u(l-32)

If = >% then v =0, A mowves to the left.

© Pearson Education Ltd 2C
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Exercise D, Question 6

Question:

Two patticles P of mass 2m and O of tmass 3 are moving towards each other with
speeds du and 2u respectively. The direction of motion of (2 15 reversed by the impact
and its speed after impact 12 2. This particle then hits a smooth vertical wall
perpendicular to its direction of motion. The coefficient of restitution between & and

the wall 13 % In the subsequent motion, there 13 a further collision between () and P

Find the speeds of 2 and 2 after this collision

Solution:
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r 0
FN T
(2m) \ im
p ST M

= 4y - 2u
-\ =

The first collision iz between P and & Let the velocity of F after the collision

be v,

Tzing conservation of momentum:

2w du — Jmox Py = 2o 4 Sem

e = 2w + S
AT = —u
) il
LY S—qu
Tzing Newton's Law of Eestitution: - |
H—V
e o 1 m P AL S ol - LI
g — (—2u)
1
_ 15”
fid
=1
4

. coefficient of restitution between P and O 1z :
The second collision is between (& and the wall

{J rebounds from the wall with velocity #'u = %u ;

From the information
given find the coefficient
of restitution between
patticles F and (.

{az 2', the coefficient of restitution between O and the wall, iz %}

The next collision iz between F and O

P Q
I . P
(2m) | 3m
'\\_-_ Py %\ A
: e |
Before the next collision = 5 I -
After this collision -y - x

Taking direction to left as positive: let velocities of & and F after thiz collizion be

x and ¥ respectively.
Tzing conservation of linear momentum +:

EMX%H +3m><§u = 2y + Jemx

o+ Erme = 2y 4 Simx
tefw =2y+3x (1)

Tsing Mewton's Law of Restitution:

PhysicsAndMathsTutor.com
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Exercise D, Question 7

Question:

Tweo small smooth spheres P and O of equal radius have masses 2 and Zm
respectively.

Sphere F iz moving with speed 121 on a smooth horizontal table when it collides
directly with () which iz at rest on the table. The coefficient of restitution between F

B
and (2 1s =
a Find the speeds of P and O immediately after the collision

After the collision (& hits a smooth vertical wall perpendicular to the direction of its
oo,

The coefficient of restitution between ' and the wall iz ;
(' then collides with P a second time.

b Find the speeds of P and  after the second collision between & and (.

Solution:
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Exercise D, Question 8

Question:

A small smooth table tennis ball, which may be modelled az a particle, falls from rest

at a height 40 cm onto a smooth herizontal plane. The coefficient of restitution
between the ball and the plane 15 0.7,

a Find the height to which the ball rebounds after the first bounce.
b Find the height to which the ball rebounds after the second bounce,
¢ Find the total distance travelled by the ball before it comes to rest.

Solution:
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a

First stage of motion under grawity:
u=0 a=g=%8, =04, v="1

Tie v =u* 4+ 2as . Then
v =2x98x04

Sy =28
The ball hits the plane with wvelocity 2.8ms™' and rebounds with wvelocity
07x28ms ' ie 1.96ms".

The ball then moves up under gravity to a height &
This time

u=1%,a=—%8, s=hk,v=0.

Tse

vi=u? 4 Zas
0 =196 —2%98xk
P 1.96x1.96

298
=0.1%5

1e it rebounds to a height of 196 cm [=40x 07 x0.7].
After the second bounce the ball rebounds to a height 196 0.7x07 = 9604 cm

The total distance trawvelled 1=

04+42x04x0 7 +2x04x07 4+ , You will need o use

=044+2x04x07(1+072 407 + ) T
3. P to find the

The sum in the bracket 15 an infinite & P. with sum = ! AREWEL

=07

L Total distance = 0.4 403920196
=1.16%m or1.17 m (3s.1)

© Pearson Education Ltd 2C
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Exercise D, Question 9

Question:

A zmall smeocth ball, which may be modelled as a particle, falls from rest at a height

Hoonte a smooth herizental plane. The coefficient of restitution between the ball and
the plane iz 2.

a  Findin tertms of & and 2 the height to which the ball rebounds after the first
bounce.

b Find in terms of H and e the height to which the ball rebounds after the second
bounce.

¢ Find an expression for the total distance travelled by the ball before it comes to
rest.

Solution:
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a

First part of motion 15 under gravity:

u=0c=Ha=gv="

Using v* =u? 4205 — v =2gH

. The ball hits the plane with velocity \2g# .
It rebounds with velocity e,fZg_H.

Then it moves under grawvity to height '
Tsing u=eJ2g_H, se=H' a=—g,v=0 with

v = 4 Das

0 =&*(2gH)—2gH"
L H'=2H .

The ball rebounds to a height &4 .

After the second bounce it rebounds to a height ¢*H . *— You can deduce the
answet to b without
repeating all the wotl

Total distance travelled is: done in a.
H42e'd 428t H +268°H + . * You need to use the sum
=H 428 H(1+e* +e* +..) to infinity of a Geometric
Progression,

— : : , : a
The expression in the bracket 1z a Geometric Progressien. Using & = Tan the
—r

ExEpression = -
1—¢

2
. Total distance travelled is H +22°H x 1 P= H(1+j )
e (1—e)

© Pearson Education Ltd 2C
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Exercise E, Question 1

Question:

A particle 4 of mass 500 g lies at rest on a smo

lar Mathematics

oth horizontal table. & second particle

B of mass 600 g is projected along the table with velocity 6§ ms™ and collides

directly with A
Ifthe collision reduces the speed of B to 1m 5~

a the speed of 4 after the collizsion,

! without changing its direction, find

b the lozs of kinetic energy due to the collizion,

Solution:

Pagel of 1

B A
el o, | Use conservation of
(600 g | (500 ) motnentum
p ..-/J e
Before Impact = Hms! = (lm st
After Impact = | ms! - rms!
a Tlzing conservation of momentum —
D6x6405x0=06x1403xy
S 36—06=1025v
Sy =h
The speed of A after the collision is 6 ms™".
b Total kinetic energy before collizion
= %x 0.6x6° +— Uselossof KE. =
=10.87 EE before impact —E_E. after impact

Total kinetic energy after collision

=%><0.6><12+%><0.5><v2
= 0,349
—igizy

Theloss of KE ={108-93)17
=151

© Pearson Education Ltd 2C
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Exercise E, Question 2

Question:

Two particles A and B of mass #e and 2 respectively mowve toward each other with

speeds & and 2r. If the coefficient of restitution between the spheres is % find the

speeds of A and of B after the collision. Find also, in terms of s and &, the loss of
kinetic energy due to the collizsion

Solution:
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1 B . .
_® | Use conservation of linear
I ™ I . N mementum and Mewton's Law
| m [ 2m ) o
e S e of Restitution to find the
_ velocities after the impact
Before Impact - - 2u
After Impact - -

Let the speeds of 4 and & after the collision be v and w respectively.
Tze conservation of inear momentum —:

i — 2 2u = v+ Zenw
So—3w =v42w gy,
Tze Newton's Law of Restitution:

w—y 3
1—(—2u) 3
.'.w—v=%><3u
Cod = w—w ()

Add equations (1) and (2)

o= = 3w
. 2
e w=——

3

substitute into equation (2)

T

SV=wWw—du=— —.

The speed of A after impact is 7‘3_11 it the direction away from 5.

The speed of B after impact is % towards A

The kinetic energy before impact

_ 1 2,1 A
= g +§><2m( 214)

Q 2
= L
2

The kinetic energy after impact

we’l 1 2
= imvzl +jx2mw

]
_ L[Eu2]+1xgm ut
9 2 9

2
21 4
= —
18
' . _ 251 2
L Theloss of kanetic energy = = L — ol
i i
= i

PhysicsAndMathsTutor.com
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Exercise E, Question 3

Question:

A particle of mass 3 kg moving with velocity 6 m s~ collides directly with a particle

of mass 5 kg moving in the opposite direction with velocity 2m 57 The particles

coalesce and movwe with velocity v after the collision Find the loss of kinetic energy

due to the impact.

Solution:
P Vailin
3 LI 'l :_\ k_.
. Py e L ——— |
Belore Impact = 6 ms! - 2 ms-1
oo
| 8kg
i
After Impact —

Let the weloctty of the combined particle be v,

TTzing conservation of momentum:

Axb4ox{—d = Bxy
CoE=
Sor=1

i e. the combined particle moves with velocity 1ms™.

The total E.E. before impact = 2x 3x 67 + 2% 5x (—2)*

= 54410
=647

The total E.E. after impact = %XBXV:{

=4x1?
=47

Tse conservation of linear
momentum to find the velocity after
the impact.

. Lozs of kinetic energy due to the impact iz 64 J—4T=60T.

© Pearson Education Ltd 2C
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Exercise E, Question 4

Question:

A billiard ball of tnass 200 g strikes a stnooth cushion at right angles. Tts velocity

before the impact is 2.5ms™ and the coefficient of restitution is ; Find the loss in

kinetic energy of the billiard ball due to the impact

Solution:
s
[ 200 g |
e
Before Impact =2 5ms! o 4
5
After Impact -y m sl

After impact with the cushion the velocity of the billiard ball is vms™, where

v

2.

= Lh
L2 enl

‘. The loss in kinetic energy is:

%XU.EXE.SQ—%XU.EXT

=0625-04
=022571
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Exercise E, Question 5

Question:

A bullet of mass 0.15 kg moving horizontally at 402 m 57 embeds itself in a sandbag

of maze 30 kg, which iz suspended freely. Assuming that the sandbag iz stationary
kefore the impact, find

a the commeon velocity of the bullet and the sandbag,

b the loss of kinetic energy due to the impact.

Solution:
A
o N e T \ .
| 0.15 kg | [ 30kg ) ¥ Tzt conservation of
N Xl momentum to find the
velocity after the impact.
Before Impact = 402 m 5! = (hm s-!
After Impact -y -y

The common velocity after the impact 12 v,
Tsing conservation of linear momentum:

0.15x4024+0=30.15v
015402
B e —

30.15

=2z
. Commeon welocity is 2ms™ L.
b Einetic energy before the impact is %x 0.15x402* =12120.37
Einetic energy after the impact 15 %X 3015 2% =60.37
SoLoss of kineticenergy =12 060T=12.06 kT,

© Pearson Education Ltd 2C
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Exercise E, Question 6

Question:

A particle of mass 0.4 kg is moving with velocity (1—4j)m s™ when it receives an
impulse (2314270 s, Find the new velocity of the particle and the change in kinetic
energy of the particle as a result of the impulse.

Solution:

Let the welocity after the impulse be v,

Tasing impulse = change in mom entum -—

Useimpulze = changein momentum .

342) = 0.4v—046—4j)
04y =3 +2j+0.4i—1.6
= 3.4i +0.4]

Sov=854)

. The new velocity of the particle is (8.51+j1ms™ .

The E.E. before the impulse = ljx 0.4x (1 + (-
=347

SX04x (8.5 +1)

=14.651

The E E after theimpulse

. The change in K E 15 an increase of 11.25 1.

© Pearson Education Ltd 2C
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Exercise E, Question 7

Question:

A squash ball of mass 0.025 kg is moving with velocity (221+37)m 57 when it hits
a wall.

Tt rebounds with velocity (10i—117) m s~ . Find the change in kinetic energy of the
squash ball.

Solution:

Einetic energy before it hits the wall 13

%X 0.25x%(22° +37=231.625] & mass m kg moving with velocity

(il vy g m s has EE =%m(v12 +V§) T

Einetic energy after rebound 13 %x 0.25x%(10° +({—11*)=27.625]

CoThe lossin EE =2047
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Exercise E, Question 8

Question:

A particle of mass 0.2 kg is moving with velocity (51+ 25  m 5™ when it collides

with a particle of mass 0.1 kg moving with velocity (21+10§) m s™'. The two particles
coalesce and form one particle of mass 0.3 kg Find the welocity of the combined
particle and find the loss in kinetic energy as a result of the collision

Solution:

Let the wvelocity of the combined particle be (vi+w,jim s

Using conservation of motmentum: .
*+— TTze conservation of momentum to find

the velocity of the combined particle,

0205+ 2570 +0. 1021 + 1070 = 0.30mi +v, 1)
Equate 1 components:

140.21=023wm
S 12 =005y
=w=4

Equate j components:

5943 =0.3w]
S 6 =03y,
=, =20

.. The required velocity is (41+200 m s™"

The initial EE. = %xo_z(ﬁﬂ +25% -I—%xlj. 1(2* +10%)

=&5+52
=70.27

The B E. after impact = 2 0.3x (4% +20%)

=6247
SThelossin EE =702T—6241
=787
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Exercise E, Question 9

Question:

A bullet 13 fired horizontally from a rifle. The rifle has mass 4.8 kg and the bullet has
mass 20 g The initial speed of the bullet is 400 m s~ Find

a the initial speed with which the rifle recoils,

b the total kinetic energy generated as a result of firing the bullet.

Solution:
aA
prm
/{i/’ ' e
a3 4.8 kg Mg «— Convert the mass of the bullet
into kg for your calculations.

= ()m 5! = (m s
= om s~ = 400 m !

TTze conservation of momentum:

0 =48z +0.02x400
—0.02x= 400
t=-—
4.5

3

o The rifle recoils (moves back) with a speed of %m gL

b The total E E before finng = 0
2
Total E E. after firing =%x4.8><|§| +%x(0.02)x4002

= 6641600
=1606.6]
. E.E generated is 160667
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Exercise E, Question 10

Question:

A train of masz 30 tonnes moving with a small velocity Fimpacts upon a number of
stationary carriages each weighing 6 tonnes. The complete train and carriages now

move forward with a wvelocity of ;iff. Find
a the number of stationary carriages,

b the fraction of the original kinetic energy lost in the impact.

Solution:

300 tonnes | 6 M tonnes

— | — (]

(30 + 6.0 tonnes

3

a Let the number of carriages be W

TTzing conservation of momentum;

3
AN =0 =(30 +5N}§ ¥ 4— T.et the mass of the train and

carriages be (304 6 tonnes.
30 = @-F—SDN
8 8
90 3ZON
B 8
SN =3
b Energy before impact = %x 2000007 =15 00057
2
Energy after impact = %(48 000y = [%]
= 93750
S Energy lost = 562507
2
CoPraction of original EE lost = &5{;2
15 0008
=32
8
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Exercise E, Question 11

Question:

A truck of mass 5 tonnes is moving at 1.5m 5™ when it hits a second truck of mass

10 tonnes which is at rest. After the impact the second truck moves at 0.6 m s, Find
the speed of the first truck after the impact and the total loss of kinetic energy due to
the imp act.

Solution:
/__.--—--.\ ”__-_

\ / N

| 5 tonnes | | 10 onnes |

\ ! \ J

N i Na gl
Before Impact = |.5ms"! = ()m 5!
After Impact = v m sl = (L6m 5!

Let the speed of the first truck be vms~", after the impact.

TTze conservation of momentum:

w1 540=5%410x046

Sow=T75-6
=15
Cov =073

. The first truck moves with a speed of 0.3ms™"

The total ELE before impact = lx 500015 =56257

2 +—— Convertthe masses
The total K.E. after impact = 2x 5000 0.3° +2x10 000x 0.6 of the trucks into kg
to calculate the . E.
= 20251 1in Joules.

. The loss of K. E. due to the impact = 36007
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Question:

A patrticle of mazz # moves in a straight line with velocity v when it explodes into
two parts, one of mass %m and the other of mass %m both moving in the same
direction as before.

If'the explosion increases the energy of the system by %muz . where z 15 a positive
constant, find the velocities of the particles immediately after the explosion. Give
your answers i terms of w and v,

Solution:

Before Explosion: m )

e s r’-.l B ¥ A
Adter Explosion: { =m) | m
kY * / ;

Let the veloctties of the l—m mass and the Em mass be x and ¥ respectively.

3 3
TTze conservation of momentum:

*+—— TJze conservation of momentum, and

energy equation to give simultaneous
eruations—one linear and one
Sxtdy=3 () cuadratic.

1 2
B = imx—i-?my

The energy of the system 15 increased by %mug.

1

. 1 1 2 _ 11 )g 12);
,,jmv +Emu —j(imx +j §my

R G S v +gu2 2)

From equation (1), x=2v—2y
Substitute into equation (2)
S G2y + 27 =% —i—%uz

O 10y R = Tt +%u2

By —12uy 6V = S

Ia] = b

.'.y2 —2vy+v2 =_g°
2
(y—v)z = (ﬂ:%u)

a =v:|:%u
Substitute back into (1) . x=vFu
But x=y . x=v—u and y=v+%u
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Exercise E, Question 13

Question:

A small smooth sphere A of mass 2 kg moves at 4m s~ on a smooth horizontal table.

It collides directly with a zecond equal-sized smooth sphere 8 of mass 3 kg, which is
moving away from A4 in the same direction at a speed of 1m 5. Ifthe loss of kinetic
energy due to the collision 15 3 T find the speeds and the directions of the two spheres
after the collision

Solution:
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A B
5§ N
[ 2kg Jkg
Ne "
= 4 ms! = | ms]
= vms-! - yms!

Tse conservation of momentum:

-

Dxd+3x1=2x43y
S 2x43y =11 (1)

Tse conservation of momentum and a
change in energy equation to give
simultaneous equations — one linear and
one gquadratic.

The energy before the collision = ljx 2w 4 +%><3>< 1
=175]1

The energy after collision = lj}( o —l—%xiyz

= x* +1.5)°

Asthelossof EE =37
41572 =145 (2

Fromi{l) = L

: M_H.jyﬂ s

Ldultiply by 4

1557 —66y+121 =58
5P —22y+421=0

S y—=Tiy—3) =0
S¥=3or %
substitute value of v into equation (1)
Sr=lor x=34.

But x<y . x=1land yv=3

. The 2 kg mass moves with speed 1m:™" and the 2 kg mass moves with speed

-1
3mes

— substitute into equation (23,

They both move in the same direction as before the impact

© Pearson Education Ltd 2C
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Exercise E, Question 14

Question:

Two particles, A and B, of masses 2 kg and 5 kg respectively, are connected by a light
inextensible string. The particles are side by side on a smooth floor and A is projected

with speed 7m 57 directly away from B When the string becomes taut particle B is

jetked into motion and A and & then move with a comimon speed in the direction of
the original velocity of A, Find

a the common speed of the particles after the string becomes taut,

b the loss of total kinetic energy due to the jerlc

Solution:
B A
TN P
| 5kg :l-z\.nf\.nn.-'\.fl 2 kg
"\,_ - A ., s s
= (im st = Tms!
i {
— £
=y m st =yms!
a TUsing conservation of momentum —: *+— TTse conservation of
momentum to find the
2x] = 2v4ov cominaon speed after the
=7y string becomes taut.
Sov=2
h E.E before the jerk=1§><2><?2 =497
K E. after the jerk = 2x 50! 42 x 20
T 2
= i><2
=147

o Loss of ELE. due to the jerk =147
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Exercise E, Question 15

Question:

Two particles, 4 and B, of masses s and Mrespectively, are connected by a light
inextensible string. The particles are side by side on a smooth floor and A 1z projected
with speed & directly away from & When the string becomes taut particle 5 1z jerked
into motion and A and B then move with a commeon speed in the direction of the
original velocity of A

Find the common speed of the particles after the string becomes taut, and show that
2

S o M
the loss of total kinetic energy due to the jerk 15 ————
20+ M)
Solution:
=tring slaclk:
(MIrmrnAM)
After string becomes taut: n
; “lfj -j:-.lu::
Let the speed after the string = =
hecomes taut be v, : :
TTze conservation of momentum —:
o = My 4 e
e = v 4 )
v = +—Thisis the common speed required.
M+

Energy before the jerk = — pa®

— b

Energy after the jerk = jM’v2 +1§mv2

mr

1
= (M +m)[M+m

21
2 1 WU

30

e ]
M+

=

. Loss of energy = %mu

e | 2
= g

M+

2

" 20t )

as required
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Exercise E, Question 16

Question:

Two particles of masses kg and 5 kg lie on a smooth table and are connected by a
slack inextensible string. The first patticle is projected along the table with a velocity
of 20m 57 directly away from the second particle.

a Find the velocity of each particle after the string has become taut

b Find the difference between the kinetic energies of the system when the string is
slack and when it iz taut.

The second particle iz attached to a third particle of unknown mass by another slack

string, and the velocity of the whole systern after both strings have become taut is
1

bms
¢ Find the mass of the third particle.

Solution:
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a =tring slack:

P i
(5 kg s,  [3ke)
s, e

= () m 5! = Mim 5!

S b
:'J:: ké‘, ] :I/I ké‘, ]
M L

After string becomes taut; iy -y

Let the speed after the string becomes taut be v,

Tsing conservation of momentum —: -

Consider conservation of
momentum before and after
first string becomes taut.

3w 20 = Sp4-3v
CoBv =460
cy=2
B
=75

ie. the common velocity is 7.5m s>

b Difference in K.E. = %xExZOg = %xﬁx?.ﬁz +%><3><7.52

= 600 —[225]
= 3757

¢ =econd string slack

e B N
(mkg pom~o~~A Skg ——{ 3 kg )

A oo s L

— 7.5ms"!

Iy

— 7.5ms"!

) -.\" -'/-— . -\\ / \-.

| kg | (| Ske ) { 3kg |

e AR bR
= 6ms! = 6Hm s = Hms!

After second string
kecotmes taut

Let mass of third particle be s kg

Tze conservation of momentum:

Sx 754 3xT75=6m+ox6+3x6

TTze conservation of
momentum again before and
after second string becomes
taut.

60 =6m+48
Sobm =12
=2

The mass of the third particle 15 2 kg

© Pearson Education Ltd 2C
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Exercise E, Question 17

Question:

Three stall spheres of masz 20 g, 40 g and &0 g respectively lie in order in a straight
line on a large smooth table. The distance between adjacent spheres 12 10 cm. Two
slack strings, each 70 cm in length, connect the first sphere with the second, and the

second sphere with the third. The 60 g sphere is projected with a speed of Sms™,
directly away from the other two.

a Find the time which elapses before the 20 g sphere begins to move and the speed
with which it starts.

b Find the loss in kinetic energy resulting from the two jerks.

Solution:
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P Y r’-’-_-.\-. .-_-"‘.
| :|'|._: | e | T e i I
T A

= S5ms!

Stage 1: 60g particle moves 60 cmat 5m s™' *| The particles are 10 cm apart. The
strings are each 70 cm long

This takes time £, =0.6—=5=0.12 So the particle moves 60 cm at
constant speed before the string
becomes taut.

stage 2040 g mass is jerked into motion,

o % S
(20 g fomom~~A{ 40g ) (60 )
'\.\ /,- 4, N,

- - i SO

Lol Lol
Let speed after jerk be v,

Tse conservation of momentum.

SBxS5=40xv+60xv
200 =100y
e =3

Stage 3: 60 g and 40 g particle move 60 cmat 3ms™"
This takes time £, =06+3=02s

stage 4 20 g mass is jerked into motion,

_-f’h. N p ~ -y

(20 g | i 40) 5;}: \ 6 g |

N b o
Ll 1 Ll 1 Ll !

Let speed after jerk be w.
Tze conservation of momentum.

S0 3440x 3 = 20w+ 40w + 60w
200 = 120w
SWw=25
1

Le. after atime £, +£,=032s the 20 g mass moves with a velocity 25ms™ .

b Final X.E. :%x 0.02w2+%x 0. 04w +1§x0.05w2

= 0.06w"
=0.375]

Tnitisl B-Ev= %x 0.06% 52

=07751
S Lossin EE =075T-03757
=03753]
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Exercise F, Question 1

Question:

A cricketball of mass 0.3 kg is struck by abat Immediately before being struck the
velocity of the ball is —2% m s, Immediately after being struck the velocity of the

ballis (2314 20)) m s~ . Find the magnitude of the impulse exerted on the ball by the
bat and the angle between the impulse and the direction of 1

Solution:

Impulse = change in momentum
= 0525 4+ 207) — 0.5(—251)
= (241 +103) Mz

. Magnitude of the impulse

Angle between the impulse and the direction i
15 awhere

tan o = il
24

Coee =23 (nearest degree)

© Pearson Education Ltd 2C
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Exercise F, Question 2

Question:

A ball of mass 0.2 kg is hit by a bat which gives it an impulse of (2 414+ 3630 Nz

The velocity of the ball immediately after being hit is (121+5))m s~ . Find the
velocity of the ball immediately before it iz hit

Solution:

Let velocity before being hit be ums™'. *+— TIze impulse = change in

ot entutn.

impulse = change in mom entum
S2A436)=02(144 ) —02u
S02n =24i+j-24i -5
=—26]
u=-13

The welocity of the ball immediately before it is hitis —13jms™.
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Exercise F, Question 3

Question:

A particle P of mass 0.3 kg is moving 2o that itz position vector 1 metres at time ¢
seconds i3 given by

=0 401+ (118
a  Calculate the speed of Pwhen 1 =4
When £ =4, the particle 15 given an impulse {24436 Ms.

b Find the welocity of F immediately after the impulse.

Solution:

a r=({F+E+ai+114

cov =E =68+ 2+ A+ <+—— Differentiate displacement
wector to give the velocity
When t=4,v={601+1Y wector.
the magnitude of v = -f60° +11°
=6l

. The speed when ¢=4 is §1ms™".
b Let the velocity immediately after the impulse be Vms™'

Then as impulse = change in m omentum

.'. 2‘4i+36j = 031."—03(6[:& +11j:| ] USE impulse = Cha_nge in

S03V =24i+5 6+ 16+ 35 IO ettt
=204i46 %
SV =6Bi423

-, velocity after the impulee is (81 +23)ms".
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Exercise F, Question 4

Question:

Tweo identical spheres, moving in opposite directions, collide directly. As a result of
the impact one of the spheres iz brought to rest. The coefficient of restitution between

the spheres iz % =Show that the ratio of the speeds of the spheres before the impact is
2

Solution:
N Fie
m | | = e 1
e A , S g = 3
Before Impact =y - [
Adter Impawct = i} -

Let the spheres each have mass # and let their speeds before the impact be
yms " and vme ' (towards each other).

Let the speeds after impact be 0 and wms™.

Using conservation of momentum —: % Let the speeds before impact be «
and v and after impact be 0 and »w,

ML — BV = B then use conservation of
. momentum and the restitution
tew—v=w (I :

equation.

Tsing Mewton's Law of Eestitution:

g b w—10
3 u—(-v)
St =3w (2)

Add D+ (2

Co2u =dw— = 2w

Substitute inte (1)

V=W

., The ratio of the speeds before impact 15 w:v=2w w=2:1 as required.
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Exercise F, Question 5

Question:

A particle P of mass #2 15 mowing in a straight line with speed %u at the instant when

it collides directly with a patticle O of mass Ape, which is at rest. The coefficient of

restitution between P and (15 alT Ciiven that M comes to rest immediately after hitting

¢ find the value of A,

Solution:
P )
® ® -
Before Impact - _]1 H - 0
After Impact = =y

Let the welocity of (2 after impact be v

Tse conservation of linear momentum:

mx%u—I—D = 0+ Ay

) _ 1
oA =34 i1y

Tse Mewton's Law of Restitution:

1 v=0
B= =y

7Y
o1
SV S i ()

sSolving equations (1) and (2) A =4

© Pearson Education Ltd 2C
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Exercise F, Question 6

Question:

A boy of mass e dives off a boat of mass M which was previously at rest.
Immediately after diving off, the bov has a horizontal speed of 7 Calculate the speed
with which the boat beging to move. Prove that the total kinetic energy of the boy and

 mlm+ MO
the boat 13 ¥
20
Solution:
Before Jump i m+M __::'
= (m s
After Jump :'/-.h‘-\I :" .ur
M L
= - |

Let the boat mowve with velocity u.

Using conservation of linear momentum.  +——— TTee conservation of linear

meomentum to find the
M +ml =10 velocity of the boat.

el
= Y3 {IMote that the boat mowes 1n the

opposite direction to the boy)
Total ELE ofboy and boat

=L 2 +1M[—M+VT
2 2 A

MV

B DM

(MO

. as required

20
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Exercise F, Question 7

Question:

Two spheres P and O of equal radius and masses 4 kg and 2 kg respectively are
travelling towards each other along a straight line on a smooth horizontal surface.
Tnitially, P has a speed of 5m s and (J has a speed of 3m s After the collision the

direction of Q is reversed and it is travelling at a speed of 2m 5™ Find the speed of P
after the collision and the lozz of kinetic energy due to the collizion,

Solution:
P 1)
7T R,
[ 4kg | | 2kg |
Yot SN A
Before collision: = 5m ! - ims!
After collision: =y m sl =2 msl

Tse conservation of inear momentum:

duwih—dwi=dpt 2wl . TTze conservation of linear
dv =10 momentum to find the speed
it of P after the collision.

Cv=25ms"

The total K.E. before collision = 2x4x 5 +2x2x(=3)°

=50+5
=587

The total E.E. after collision = %x4><2.52 +l2>< 2% 22

=125+4
=1651

;' Losz of E.E due to the collision 15425 T,
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Exercise F, Question 8

Question:

A body P of mass 4 kg is moving with velocity (21+16)) m s~ when it collides with
abody O of mass 3 kg moving with velocity (—1—8) m s}, Immediately after the

collision the velocity of P is (—41—32)1m s, Find the velocity of  immediately
after the collision.

Solution:

Let the velocity of (2 after the collisionbe vms™".

TTze conszervation of momentum: *— Tlee conservation of momentum.

A(21 +16§)+3(—i— 8j) = 4(—4i—32§) +3v
5440 = —16i— 128§+ 3v
3w = 21+ 168
v = Ti+ 56]
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Exercise F, Question 9

Question:

A particle P of mass 3m 15 moving in a straight line with speed & at the instant when it
collides directly with a particle O of mass s which 1z at rest. The coefficient of
restitution between P and iz 2,

Hi3—g)

a  =how that after the collision & 15 movwing with speed

3t (1-2%)
: :

¢ Findin terms of #2, 2 and 2 the impulze exerted on @ by P in the collision

b Show that the loss of kinetic energy due to the collision is

Solution:
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Before impact -
Aller impact

Let the weloctties of P and () be v and w respectively, after the impact.
TTze conservation of momentum:

3pas +0 = Zprv + o

S tw =3 (1)
TTse Hewton's Law of Restitution:
W—y

w—0
SoW—v =eu (2)

g =

subtract (10— (2)

Sy =G —eun
w(i—g)
v o
4
substitute into equation (27 to give

uis—e)

w=gu+

w=%ﬂ+ﬂ
b Lossof EE

= %X Zpagy —%X oy —%mwz +— Find the welocity of (0 as well as the
welocity of P so that you can

calculate the total kinetic energy.

T w3 2 2
_ ¥ (2—a) _gH (142)
16 16

%m‘pa—@—ﬁe+e%—(}+@+aﬁﬂ

]

H—4£]

Spad
3

2
(1—2")
¢ Impulse exerted on ! 13 change of momentum of {4

- Zpnl14-2) Me
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Exercise F, Question 10
Question:

Two spheres of mass 70 g and 100 g are moving along a straight line towards each
other with velocities 4 m 5™ and 8m s respectively. Their coefficient of restitution

15 % Find thewr velocities after impact and the amount of kinetic energy lost in the

collision.
Solution:
N S
(70¢ ) (100¢)
N A
Beftore Impact: =4 ms! = 8 ms!
After Impact: —= vy ms! —= vy m s

Let the velocities after impactbe wms™" and v, ms™"

TTsing conservation of momentum:

0.07xd4+01x(—8) =007 +0.1v, *+—— e conservation of momenturm
S 10 = =52 (D) and Mewton's Law of Eestitution to
find the velocities after the impact.

Using Mewtot's Law of Eestitution:

12 4—(-8)
Sy —w =5 (2

=olving equation (1) and (2)

w=—b6andw =—1

So the velocities after impact are §ms™ and 1ms™ in the direction of the 100 g
mass prior to the impact.

Loss of E B

= Loorxa +5%0.1x(~8)" —[%x 0,07 (—6)" + 5% 0.1x (1)

7
= [0.56 +3.2]— [1.26 +0.05]
2457
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Exercise F, Question 11

Question:

A mass of 2 kg moving at 35m s~} catches up and collides with a mass of 10 kg

moving in the same direction at 20 m 5. Five seconds after the impact the 10 kg

mass encounters a fized barrier which reduces it to rest Assuming the coefficient of

restitution between the masses 15 % find the further time that will elapse before the
2 kg mass strikes the 10 kg mass again.

Tou may assume that the masses are mowving on a smooth surface and have constant
velocity between collisions,

Solution:
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gy s
[ 2kg ) | 10 ke |
t\... ._.-’f \"-\__ ] /
Before Impact: = 35 ms! = 20ms!
After Impact: —=y;m s —= vy m 57!

Tsing conservation of momentum —:

235410 20 = 2y +10w,
Sy 10w, = 270
orw +5, =135 (1)

Using Mewton's Law of Restitution:

5 35— 20
Sv—w = 9 (2)

Add equations (114 (2)

v, =144
Sy =24

Substitute into (1) v =15

Five zeconds after the impact the 10 kg mass has moved a distance
24x5=120m .

Tt takes the 2 kg mass a time of % to travel 120 m, ie. 8 seconds

. The further time required =85—55=35 ¢« A fter the impact, assume that the

patticles move at constant speed
and use speed time = distance .

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 3

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise F, Question 12

Question:

Three balls A, B and O of masses 4o, 3 and 3w, respectively and of equal radius lie
at rest on a smooth horizontal table with their centres in a straight line. Theiwr

coefficient of restitution is % Show that if 4 is projected towards & with speed 7
1

there are three impacts and the final velocities are ;—EV,4

¥ oand %I»’ respectively.

Solution:
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A B c
e B
| 4m | \ im | ( Im | p
e o S A e
Before |st Impact -V -0 )
After 1st Impact -X - -0
Eselcor_lservanon PRmemcIii +— First consider impact of A with B,
OERSHIsRACH then of B with O, then of A with B
agait.

dpal” = dp X + Sm ¥

S AKX 43 =4 (D
Tee Mewton's Law of Restitution for 1st impact:

3._¥r=%
5 ¥
X =3Y (@

Solve (1 and (2) to give ¥ =1, X=%V.

& T S P
4m | { 3m | | 3m )
A S e ot
Before 2nd Impact - Il V = =)
After 2Znd Impact - V - 7 - W

Tse conservation of momentum for impact between £ and

3ml =3mE 4 Sl
LEZFHW = (3

Tse Newtot's Law of Eestitution for this impact:

s W—2Z
FS
.-.W—z=§rf (4)

Solve (3) and (@) to give W =1V, Z=2V

s D FER

| 4m | | 3w | 3m |

N Rk g e
Before Srd Impact - -:I. ! - l v - : v
After 3rd Impact — — — ) V

TTze conservation of momentum for 3rd impact between A and 5.

4m><%fr’+3m><é—f7= dond + B

L AA+38 :%V (5)
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Exercise F, Question 13

Question:

A bullet of mass 60 g is fired horizontally at a fized vertical metal barrier. The bullet
hits the barrier when it is travelling at 600 m s~ and then rebounds.

a  Find the kinetic energy lost at the impact if =04,

b Give one possible form of energy into which the lost kinetic energy has been
transformed.

Solution:

a Velocity of bullet after hitting the barrier

= §00%0.4
=240ms™!

Einetic energy lost

= ljx 0.06 x 600° —%x0.06x2402

=8072 M
b Eiiher heat or sound.
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Exercise F, Question 14

Question:

A particle A of mases 4 moving with speed i on a horizontal plane striles directly a
patticle B of tass Spe which is at rest on the plane. The coefficient of restitution
between 4 and Biz e

a Find, in terms of ¢ and &, the speeds of A and B immediately after the collision.
b Given that the magnitude of the impulse exerted by A on 5 15 2iene show that

EE':E.

Solution:
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a Let the speeds after the collision be x and »
TTze conservation of momentum:

domre + 0 = dsmax + Sy
SAx 3y =4u (D

Tse Mewton's Law of Restitution:

Sy—x=eu (2)

Add (1) +4x(2)

= Ty = du 4 deus

~y=qu(l+e)

substitute into (27

R g ;u(1+e}—eu

_ fu Gue
TEE TR
x=(4=3e)
b Impulse = changein momentum of &
S 2mm = 3mx ;H(l-i-é':' *+— Use impulse = change in
e momentum of particle 5.
12
—_—
i
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Exercise F, Question 15

Question:

A ball of mass m moving with speed &7 on a smooth table hits ancther ball of mass
Am moving with speed I travelling in the same direction on the table. The impact

reduces the first ball to rest. Show that the coefficient of restitution 1= ;""k and that

A must be greater than % and & must be greater than 2.

Solution:
A B
o, Pl
| m ) Am )
* , L
= LV = |

Let the speed of the second ball, after impact, be X

Tse conservation of momentum:

il + Al = AmX
_ A+
A
Tse Newton's Law of Eestitution:

4

Let ¢ = coefficient of restitution

Then e = ]
-

Substituting the value for X given in =

= A+
A=
A+k
e:
Alke—1)
Az 21 o |
-1
CA+E=dk—dlasd=0andk = 1)
c2l4+k < Ak T 5 ;
t t: =1t
Ae—2) = & *— TIze the condition & )

prove the inequalities.

Lsk=0and A=0 k=2

k
% =
s =

© Pearson Education Ltd 2C
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Exercise F, Question 16

Question:

A ball 15 dropped from zero velocity and after falling for 1 5 under gravity meets

another equal ball which is moving upwards at 7 m s

a Taking the value of g as 9.8m 7, calculate the velocity of each ball after the
impact, given that the coefficient of restitution 1z 21_1

b Find the percentage loss in kinetic energy due to the impact, giving your answer
to 2 significant figures.

Solution:
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a Find the velocity of the first ball before impact:

p=01t=1a=98v»="1 *+—| TTze constant acceleration
formulae to find the
Teev =5 4ai velocity of the first ball
Then v = 9.8 priotr to the impact.
Before Impact After Impact
1 98ms| B ms!
1
= 1
LTy =
I 1 4
Tms! vams)

Let mass of each ball be w2

TTze conservation of momentum:

9 Bem— e = pnv vy
Sty =28 (D)

TTze Newton's Law of Restitution:

1 Ya—W

3" 9.8— (T

X168 =v,—

Lew,—w =42 (2
Add (D +(2)

Sy =7
Lew,=35

Substitute in (1)
o =—07

Both balls change directions, the first moves up with speed 0.7 ms™" and the

second moves down with speed 3.5ms™".

b
E E beforeimpact = %mx 9.8 +%m><?2
=7T252m ]
K E.after impact = 7mx 0.7° +2mx3.5
=63Tm]
S loszin EE. =M = 91.2%.
72.52

= 91% (25 .£)
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Exercise F, Question 17

Question:

A particle falls from a height 8 m onto a fized horizontal plane. The coefficient of

restitution between the particle and the plane iz 41—1
Find the height to which the particle rises after impact.

b Find the time the particle talees from leawving the plane after impact to reach the
plane again,

¢ What 15 the velocity of the particle after the second rebound?

Tou may leave your answers in terms of g.

Solution:

PhysicsAndMathsTutor.com
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a Stage one: Particle falls under gravity |

u=0sg=8a=gv="

TTze
v =5 4 2as
spte= 16w

stage two: Furst impact:
The particle rebounds with velocity % 1&g .
stage three: Particle moves under gravity T

u=% g, v=0s=1t=Ta=—g
Tze
v =u? 4+ 2as
1

S0= E>c:16§—2,g’:5

Se=05m
b Alzo use
v = al

o1 _
"U_H l6g — gt
ot =%=0.319

o The time taken to reach the plane again

= 20319

2
=063%sor_s
Je

Tse constant acceleration
formulae for the motion
under gravity.

1.e. the height to which particle rizes 15 0.5 m.

¢ The particle returns to the plane with velocity % 1&g .

stage four: Second impact

The welocity after the second rebound from the plane iz %x% lég =}1‘f§ ms L.

© Pearson Education Ltd 2C
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Exercise F, Question 18

Question:

A particle falls from a height & onto a fized horizontal plane. If 2 12 the coefficient of
restitution between the particle and the plane, show that the total time talen before

. . .1+ ok
the particle finishes bouncing is Sk O e

1-# £

Solution:

PhysicsAndMathsTutor.com
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Stage one: Particle falls under gravity |

u=0g=ka=gi=%v="
TTse

v = 4 Das

SV =2gh
' Particle hits plane with velocity Jfigh .
Tse
1 2
&= ut+-ai
2
TR SN
Soh= - &t
P = 3 ;
Sy = J% *— This iz the time to the first bounce.

Stage two: Particle rebounds from plane.

The particle rebounds with velocity e f2gh

Stage three: Particle mowes under gravity until it hits the plane again T:

u=e.,||'2g}z,s= Da=—gt=7v="
TTze

g =n£+%a:2

S 0=e 2g§e£—%g§2

‘= Zeal2gh

g

Sty =g f% *+—— This is time from first to zecond bounce.
g

and v = —a.figh

3

Thiz 15 velocity before second impact.

Stage four: Particle rebounds (again) from plane. Tt rebounds with velocity

By similar working vou find that 2, = 2.;9:4@ and z, = 223E,... [Times between

successive impacts form a GP ]

., Total time taken by the particle 1s:

ﬁ+2gﬁ+zezﬁ+2e3‘j§+_.
E 14 £ E

The times between
successive impacts form
a geEomEtric progression.

=E+2‘E(e+éj +e° +)
£ £

The expression in the bracket isa GP. with a =2 *+—

73 [

and r =g Itis an infinite GP. and 5 =1— =—

—r l—e
fﬁf e ]

PhysicsAndMathsTutor.com
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Edexcel AS and A Level Modular Mathematics
Exercise F, Question 19

Question:

A sphere P of mase e lies on a smooth table between a sphere O of mass & and a
fized vertical plane. Sphere P iz projected towards sphere (0 The coefficient of

restitution between the two spheres 1s % Criwen that sphere P 15 reduced to rest by the

second itnpact with sphere (0 find the coefficient of restitution between sphere F and
the fized vertical plane.

Solution:
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P 0
./,.-- - --.,\\ .:I/_..-- - --..\_\\'
Lomo \ B | € Letinitial velocity of & be 7 and
b SR 4 Mg ;
use conservation of momentum
Before |st Impact -V and Newton's Law of Eestitution
to find velocities of F and & after
After 1st Impact - X -V impact.

Let initial speed of F be ¥ and let speeds of P and & be X and ¥ after the 1st
impact.

Tsze conservation of momentum:

comtr = mK +EmY
e ¥ +8¥ = N

Tse Hewton's Law of Restitution:

g0 W=
A
Y=X=11 @

Add equations (1) and (2)

: _ 15
..9}’—?1?'
: 5
1.E.Y—ﬂff

substitute into (2)

N 25

¥4 ﬂ{; ?V
2
__EV

F then hits the vertical plane with speed %V <— Then consider impact of 7
with the wertical plane to find

. 2
and rebounds with speed §€V. new welotity of B

2nd impact between F and O

P o
ol®
Before 2nd impact —= ?; eV e -_:': ¥
After 2nd impact —— 0 — W

After the 2nd impact between P and ' let the velocity of O be W and the velocity
of Pbe 0.

Tse conzervation of momentum:

2 S
mX§EV+8m><ﬂV = Bm ¥
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Exercise A, Question 1

Question:

Find the sum ofthe moments about P of the forces shown.

Solution:

iy lxbxsin55=491._.
&SN g 1.2x5=46

== 6—4.91=1.0% Nm anticl oclowize

1.2 m

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Exercise A, Question 2

Question:

Find the sum of the moments about F of the forces shown

Solution:

05xd=anbl=173__.
08x5xsin75=386_
386—173

=2.13 Mm anticl ockwrize

I Go

P (75
.

6lF
.5 m 0.8m

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 3

Question:

Find the sum ofthe moments about P of the forces shown

Solution:

INeNe

3.19—6.88
=131 Hm clockwise

© Pearson Education Ltd 2C
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Exercise A, Question 4

Question:

Find the sum ofthe moments about F of the forces shown.

Solution:

e ) Sx2xsin 55 =8.19...
T m ‘*" & 3w Zxcosds 4 3x Zxcos 55
N =688

= 1.31 MNm clockwize

© Pearson Education Ltd 2C
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Exercise A, Question 5

Question:

Find the sum of the moments about F of the forces shown

INe—L e p

55

2m ,~2

Solution:

IN ¢——bs p

‘
'55

2m A

e

© Pearson Education Ltd 2C
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Axdxcoos s 4 0% 2w an 55

=1507._..
Sxdwsins5" =16 38
1.31 Mm anticlockwisze
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Exercise A, Question 6

Question:

Find the sum ofthe moments about P of the forces shown.

Solution:

& Sxdxsin 55 =16.38.
%] Iwdxeoos S 5= 2xsn o5
. =15.07...

= 1.31MNm clockwise

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 7

Question:

Find the sum ofthe moments about F of the forces shown.

Solution:

] Sx3xcosdl® =11.45

=1329._.
= 1.81 Mm anticl oclowi se

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

] 2xbxsn 7l +1x6xsn 19

Pagel of 1



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 8

Question:

Find the sum ofthe moments about P of the forces shown.

Solution:

O Axbxoosdl =137

=122,
= 542 Mm anticloclowise

© Pearson Education Ltd 2C
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Exercise A, Question 9

Question:

Find the sum ofthe moments about P of the forces shown

Solution:

i 3x3xcosdll =689
] 2w Awandl + 2% 3xsn 71" H 13 an 15°

=105,
= 3.61 Nm anticl oclownse

© Pearson Education Ltd 2C
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Exercise A, Question 10

Question:

Find the sum ofthe moments about P of the forces shown.

Solution:

Axibxcosd)” —4 0xcos 2 =683

2xd 545 (Excos 4" —4 Sx ooz 25

=850
2.07 M anticlockwise

HNE Zince 3¥cosdl® —4 5xcesd¥ =-0019__.
“We can deduce that the 5 M force has a clockwise
moment about F. Howewer, this does not mean

that the working 15 invalid — the negative value
compensates for the sense of the rotation

© Pearson Education Ltd 2C
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Exercise B, Question 1

Question:

Whenever a numerical value of g is required, talte g =9.8m s,

Each of the following diagrames shows a uniform beam A8 of length 4 m and mass
& kg

The beatn is freely hinged at A and resting horizontally in equilibrium. In each case
find

i the magnitude of the force T,

i the magnitude and direction of the reaction at A.

a ]

115

Solution:

PhysicsAndMathsTutor.com
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a
Taing moments:
A bgx2=Tx135
L) T=8g=7841H
‘ 1:""‘-\._\_\_ T
A “1.5m e %
iy 7 ““;‘x? EMPF +Tand = ég
‘ & .
et - r‘g
“H7 2m V=6g—T><%=29.4N
.l N
by = H =Tcosf=Tx - =727HN
TTzing Pythagoras:
Magnitude of the force at A
=J2o4i+ 727 =784
The force acts at tan'l%= 22" above AL
h
Tsing motments:
\ 1 A bgxe =Txdandl
~
b ~ T =457N
2m 40 EMF+Tandl® =6g
W H > | ey o I =6g—Tsind0" =294 N
Bi{—H =Tcosd0" =350HN

2m 2m

Tzing Pythagoras:

Mlagnitude of the force at.4

=294 4350 =457

124 _ 40" above A3,

The force acts at tan e

TTzing moments:
A bgxd =Tx2ein 40"
T=9%s5HN

EORMV 4 Tain 40 = 6g

F=6g—Tsind0" =0 N
R(—) H =Teosd0" =701

Magnitude of the force at A="7T0117.
The force acts parallel to A5

’T'\ I' TTsing moments:

f

!

PhysicsAndMathsTutor.com
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Edexcel AS and A Level Modular Mathematics

Exercise B, Question 2

Question:

Each of the following diagrams shows a uniform red X7 of mass 4 kg and length 5 m.

The rod iz freely hinged to a vertical wall at X The rod rests in equilibrium at an
angle to the horizontal Find the magnitude of the force 7 in each case.

a h

Solution:

PhysicsAndMathsTutor.com
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M(X) 25xdgxsin 70 =5x F

_ 10g e O

F =184 M

M(X) 25x%4gxsin70°= 5% Fxsin50°
_ 10gx sin 707

F (]
S sin S0

=240M

M(E) 29xdgxsinés’ = 5xF xsind0’
. {&]
7 s Ing.smtﬂ? — 276N
S sind0”
d
MK 2.5x4gxsin 65 = 4% F xsin 50°
7 zmgx.smﬁnﬁ o001
4 sin 0
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Exercise B, Question 3

Question:

A uniform rod A8 of length 22 m and mass s kg 15 smoothly hinged at A Tt is
maintained in equilibrium by a horizontal force of magnitude F acting at £ The rod 15

mclined at 30° to the horizontal with 5 below A

3

a Show that F= ?mg .
b Find the magnitude and direction of the reaction at the hinge.

Solution:

MiA) mgxacos3) = FPx2axsn30”
Vv o
e p o mEaces 3[?1
Za sin 307
N}

_ Mg =
2

3
2

as required.

1
]

g

R V¥V =mg

Ei—y HAA4+F=0, H=—§mg

2
= The reaction at the hinge has magnitude =mg,1||1:4 +["‘IT§] =mg\g= gmg

1[%] =49 1" to the vertical (away from A5
P

and acts at tan”
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Exercise B, Question 4

Question:

A uniform beamn A8 of mass 10 kg and length 3 m iz attached to a vertical wall by
means of a smooth hinge at A. The beam 15 maintained in the hoerizontal position by
means of a light inextensible string, one end of which is attached to the beam at & and
the other end of which 1s attached to the wall at a point 2 m vertically above A

a Find the tension in the string.
A particle of mass M kg 15 now attached to the beam at &

b Given that the tension in the string 1z now double its original value, find the value

of A

Solution:
a
2m e T
T
s So T =15gx¥2=883N
A il i B “ - EXT_ '
1.5m 1.5m
10
]
M) 10gx15+Mgx3=2Tsinfx3=2x15¢g
2m h* 2; Mg =15g,
M =5
A e B
1.5m l.5m
\\"/ \\;./
10 g Mg
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Exercise B, Question 5

Question:

A uniform horizontal beam A8 of mass 5 kg is freely
hinged to a vertical wall and 15 supported by arod CDas
shown in the diagram.

iven that the tension in the rod 1z 80 1,

AT =1m and the angle between the rod and the vertical : D £

iz 457, find the length of the beam.

Solution:
C \ Suppose that the length of A5 15 2% m.
B M
|l m | M(A) Sgxx=80cos45 x1
1 m rm o
3g

J The length of A8 12 2.31 m.
ag

© Pearson Education Ltd 2C
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Exercise B, Question 6

Question:

ABCID 1z a uniform rectangular lamina with mass 5 kg, side A5 =1m , and side
AD=2m .

It iz hinged at A so that 1t 15 free to move in a vertical plane. It 1z maintained in
equilibrium, with B vertically below A, by a horizontal force acting at ' and a vertical
force acting at 1, each of magnitude I Find

a the value of 7,

b the magnitude and direction of the force exerted by the hinge on the lamina

Solution:
FN aM(d) Sgxl=Fxl+Fx2=3F
*T F =1g=163N
F . b 5
H, &= = D bR(—) H,=F=2%N
E(T) Vy+F =2g,
I m
10
| va=5g—F =12gN
B \I, —> FN Magnitude = +2° =365N
e Direction tan " lj=26.6" to the vertical away

from the lamina.
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Exercise B, Question 7

Question:

4N

A S5m B
A uniform rod AL of mass 2 kg and length 2 m rests horizontally in equilibrinm
supported by two strings attached at the ends of the rod. The strings make angles of

40" and 9 with the horizontal, as shown in the diagram. Find the magnitudes of the
tensions in the strings and the value of 2.

Solution:
7, T~ AT, M(EY T xsin 40%% 2 =3z =1
407 A8 _ g _
A Im \L Ilm B8 TI - 5 5in 40° =223NM
3g R(1) T sind0’+7,sinf =3g

Tzing the motments equation:

%g+?’gsin9=3g;‘-i'; SinEJ:%g

E(—=) T cosdl =7, cosfl=

cosf

2an
3g

But we know that 7] = — -
2ain 407

go we can deduce that cot40” =cot 8,8 =40°.

Thus T, =229 M.

© Pearson Education Ltd 2C
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Exercise B, Question 8

Question:

A non-uniform horizontal beam A8 of mass S kg
and length 3 m 15 freely hinged to a vertical wall
and ig supported by arod O 0 as shown in the

diagram. (iven that the thrust in the rod 12 25 I,
AT =1m and the angle between the rod and the

vertical 15 45°, find the distance of the centre of
mass of the beam from A.

Solution:

i
B

Suppose that the centre of mass 15 x m from A We are

© Pearson Education Ltd 2C
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g they have zero moment about A this will not matter,

MiA) 35cosdd x1=35gxx

_ 35ces4s”
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Exercise B, Question 9

Question:

FPORS 12 a uniferm square lamina of side 3 m and mass 6 kg Tt iz freely hinged at F
so that it 15 free to mowe in a wertical plane. Tt 15 maintained in equilibrium, with P&

horizontal, and (& abowe 5, by a force of magnitude M acting along SR and a force of
magnitude 27 M acting along £ Find

a the value of 7,

b the magnitude and direction of the force exerted by the hinge on the lamina,

Solution:

a FPOR iz an 1zozceles triangle with two sides of 3 m,

so the length of PR s B\Ern .

M(P)6gx¥=2F><3+F><3=9F

F=glm1390

b E(—=) H+Frosdd = 2Fcosdd,

3m ™ FN
H = Foosdd" =g=088HN
0y EiTy FH4+2Fcosdd 4 Frosdd” =6g
¥ = bg—EFcosdd =3g =204 1

= Magnitude of the combined force

= Jo g 1204% = 0604 =310

The resultant force 15 acting at angle

tan ! % =tan ! 1§ =184 tothe upward vertical at P.
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Exercise B, Question 10

Question:

A 8

A non-uniform rod A8 of mass 5 kg and length 4 m, with a particle of mass 2 kg
attached at B, rests horizontally in equilibrium supported by two strings attached at
the ends of the rod.

The strings make angles of 207 and 45° with the horizontal, as shown in the diagram.
Find
a the tensions in each of the strings,

b the pozition of the centre of mass of the rod

Solution:

a ERE(—=)T coes30" =T, cosdd’,
1 2
TA% z?jaﬁsjjq:\gfe

\I/ \I/ R()) T, sin 30" +T, sin 45 =5g+2g =7g
o bl —Tx(le+1)—7
A% B R Rt T ) 3 ='E
T, =61.5M and T, =50.2 0

b Suppose that the centre of tnass 15 x m fom A

Mid) Sgxxtigxd=T,xand5 x4
1
=’i‘;><:5><4—8g

X
5g

x =1%9Sm
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Exercise C, Question 1

Question:

Tse the method described in Example 4 to answer the questions in this exercise.
Whenever a numerical value of g is required, take g =9.8m ¢~

A non-uniform rod AF, of mass 4 kg and
length & m, rests horizontally in equilibrinm
suppotted by two strings attached at the ends \

of the red The strings make angles of 30" and T l g
4

S0° with the horizontal, as shown in the
diagram Find

a the position of the centre of mass of the rod,

b the tensions in the two strings,

Solution:

Three forces — the lines of action must be concurrent:

F

T, , _
\:& "B 3is common to two triangles, so
d=xein 30" =4 —x)ain 307
I}R rm 4=-xm A 5

L PR \I/c’” o o xsin 3074 sin 507y =4 sin 50°
“r' ; o
'8 x=&=2.42mfwmﬂ
sin 307 4510 507
b Triangle of forces:
TTzing the sine rule:
a, _ T _ 4g
sin 40  sné0°  sin 80
g gr R ey

sin 80

7 s M S ST
sin 80°
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Exercise C, Question 2

Question:

A uniform rod A8 of mass 5 kg and length 3 m iz freely

in the diagram. Find

P
hinged to a vertical wall at A. The rod 1z maintained in
herizontal equilibrium by a force & M acting at 5, as shown

1]

a the magnitude of P,
Lo
b the magnitude and direction of the reaction of the force

exerted by the hinge on the rod.

Solution:

a Three forces — the lines of action must be concurrent:

B

Eecause the rod is uniform we know that the centre of
tnaszz ig at the mid-point of the rod. This implies a
symmetrical diagram (1zosceles triangle), so we know

that & acts at 40" to the rod and the magnitudes of 7

and & are equal.
-~ B

TTzing the sine rule:

B e B un OF
sin 507 sin 507 sin 80
R=P=M=38_1N
sin 807

© Pearson Education Ltd 2C
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Exercise C, Question 3

Question:

A windew of mass 15 kg and height 120 cm 1z hinged along its top edge. It 1z kept
open by the thrust from a light strut of length 50 cm attached to the wall and
perpendicular to the lower edge of the windew. By modelling the window as a
uniform lamina, calculate the thrust in the strut and the magnitude and direction of the
force exerted on the window by the hinge.

Solution:

Three forces — the lines of action must be concurrent:

Tsing the right angled triangles in the diagram,

tan e =E,a = &7 38
0.5

tan @ =—0'25,I5' =T
1.2

90" —67.38"—11.77°=10.85"
B0T 11777 =101"77

v 0.25m

Triangle of forces:

TTsing the sine rule:

10.85° N
N\ E _ i _1ig
\\ R sin67.38°  sinl1085  sinl0177
15¢ ), \ R=%=139Naﬂd
un,ﬂ'/'\l’; DI
y Tzlﬂfgsmlﬂlﬁ.‘}j _ 5831
// T sn 101,77
67.38° [

Hactz at 109 to the upward vertical
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Exercise C, Question 4

Question:

A uniform rod A8 of weight 20 M and length 3 m 15 freely hinged to a vertical wall at
A A force Pas applied at & at right angles to the rod 1n order to keep the rod in
equilibrium at an angle of 30° to the horizontal with B above A Find

a the magnitude of F,

b the magnitude and direction of the reaction at the hinge.

Solution:

Three forces — the lines of action must be concurrent:

\_
‘\.‘:‘l I
l‘. P
' L1
. Ty
=) 5 S B
K 15m_
I - i
oo
q e 1L 0N
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% lies in two right angled triangles:

%=tana and E=ta.n30"

X
o
N =
tan 307
15 _f3
tan o = il
3tan 300 2
a=40%89 "

90°—30"—408% =1%.11
180°—30°—19.17" =130.89"

Tsing the sine rule:

F _ & _ 20
sanl?. 11" @n30°  anl3089°
P 20501917

- =87 Nand
sin 130.89°
s AHIF0" oo
sin 130887

to the upward vertical.
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Exercise C, Question 5

Question:

AR iz aloaded shelf freely hinged to the wall at 4, and supported in a

horizontal position by a light strut OF which iz attached to the shelf at
D 25 cm from A, and attached to the wall at O, 25 cmbelow A, The A &
total weight of the shelf and its load 15 80 N, and the centre of mass 1z
20 cm from 4 Find the thrust in the strut and the magnitude and : ads
direction of the force exerted by the hinge on the shelf

Solution:
- the lines of action must be concurrent:
The 1zosceles right angled triangle ADC gives us angles
of 457,
oo 1
” Therefore tan 8 = =7

8 =tan~'025=1131
90°—11.31"=78.69"
1800 < 78 698 —u5f — 55:21°

A

.25 m

Triangle of forces: MTsing the sine rule:
R _ T _ 80
sind5”  sin78.69  &n56.31
e BB o gamae e R s

]

sin 56.31
upwatd vertical and
T 80sin78.65°

— =343
sin 5631
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Exercise C, Question 6

Question:

A uniform rod XY of mass 6 kg iz suspended from the ceiling by light inextensible
strings attached to its ends. The rod is resting in equilibrium at 10° to the horizontal
with X below ¥ The string attached to ¥is at an angle of 357 to the wertical. Find

a the angle that the other string makes with the vertical,

h the tensions in the two strings.

Solution:

PhysicsAndMathsTutor.com
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a Three forces — the lines of action must be concurrent:

supposze that the rod has length 2a.
x lies in two triangles:

r _ a _asin 80
5n80  sn3y . snd
x 2a o 2etsin
snf  #sn(115—6) sin(115—4)

and

Ty /

a sin 30" Zasin

sin 357 sin(115" — &

£ sin B0° 2ein d

a_ _l B sin 35" sinllS cosf—cosllS sin f
f

{Cancelling the @ and using the expanzion for
an(A+5))

sin 80°(ein 113" cos @ —cos 1157 ein @) = 2ain B cos 35°
{Crozz-multiplying

cosBisin B0 sin 115" =ain A 2a1n 35" 4 asin 80" coz 115
(Bearrange and collect like terms. )

50

_ sinsl sin115°

© 25in35 +3in 807 cosl15
g =50 68

= the other string 1z at (30" —10° — 2068 =293 to

the wertical

=122

tan &

b Triangle of forces: Tsing the sine rule:

T T, _  ég
sin 35" &in29.32°  sinl15.68°
T, = ORI _ =374 Nand
an 11568
_ bgsin2i 32
 sinll568

=319
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Exercise D, Question 1

Question:

Whenever a numerical value of g is required, takle g=%8m =

A uniform rod A8 of weight 80 N rests with itz
lower end A on a rough horizontal floor. A string
attached to end & keeps the rod in equalibrium.

The ztring 1z held at 20° to the rod The tension in
the string is T The coefficient of friction between
the rod and the ground iz . R is the normal

reaction at A and F iz the frictional force at 4.

-2

Find the magnitudes of T, R and F, and the least possible value of 1

Solution:

© Pearson Education Ltd 2C
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suppose that the rod has length Za.
MiA) 2aT =80xaxcoes30°

Divide by @ and substitute for cos 207

2?=80x§,?=20.ﬁ M

R(—) Trosélr =F=103N
R(1) Trcos30"+R =80

R =80—Tc0530“=80—10\@x§
=651
F<pR =103 ux65

105 2.8
= BZ T

= minimum @ =027 (28]
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Exercise D, Question 2

Question:

A uniform ladder of mass 10 kg and length 5 m rests against a smooth vertical wall
with its lower end on rough horizontal ground The ladder rests in equilibrium at an

angle of 63° to the horizontal Find

a the magnitude of the normal contact force & at the wall,

b the magnitude of the normal contact force & at the ground and the frictional force

at the ground,

¢ the least possible value of the coefficient of friction between the ladder and the

ground.

Solution:

© Pearson Education Ltd 2C
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Let A ke the end of the ladder on the ground.
£z the frictional force at A
a

M(A) 10g X2 500865 = Fx 5sin 65

o 255.1305 6;5 s c-.::us &5 958N
Ssinf5 sin 65

h

R(—) F=5=0208N
R(MAE =10g=9N

C

FouR= 228 uxis
= W= 0232(3:1)

Pagel of 1
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Exercise D, Question 3

Question:

A umform ladder AR ofmass 20 kg rests with its top A against a smooth vertical wall
and itz base 5 on rough horizontal ground. The coefficient of friction between the

ladder and the ground is 3_1 & mass of 10 kg 15 attached to the ladder. Given that the

ladder 1z about to slip, find the inclination of the ladder to the horizontal

a ifthe 10 kg mass 15 attached at A,
b if'the 10 kg tass 15 attached at B

Solution:

Mz the normal reaction at A,

R 13 the normal reaction at 5, and

iz the frictional force at 5.

Ilowving the 10 kg mass to B

© Pearson Education Ltd 2C
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Let the ladder hawve length 2e, and be inclined at 8 to
the hotizontal

a
R(T) R=30g
M4y Z20gxacosf@+FxZasind=ExZ2acosd

Dividing through by @ and substituting for &
= 20gcosf+2Fsinf = &0gcoosd

2Fasnf =40gcost

F=205cosﬂ
sin B
F:ﬂj{;ﬁ.m_gzzx30g
tand 4
_2_ 4 _&8 _ a
tm9—§x§—§,9—41.6
h
B R=730g

A 13 the point where the lines of action of M and & meet.
M 2lgxacosf =Fx2asinf

Diwiding through by @ and rearranging

7= 20gcozsf _ 10g

= =
2ain tan £
F:#‘;R;\.m—g :E){BOE
tan @ 4

tan® = ;‘,9:24_0"
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Exercise D, Question 4

Question:

A uniform ladder of mass 20 kg and length 8 m rests against a smooth vertical wall
with 1ts lower end on rough horizontal ground The coefficient of friction between the
ground and the ladder 15 0.3 The ladder 1z inclined at an angle & to the horizontal,
where tan8=2.

Aboyofmass 30 kg climbs up the ladder. Find how far up the ladder he can climb
without it slipping.

Solution:

N Suppoese that the bov reaches the point &,
distance x from A, the end of the ladder
in contact with the ground

£ i When the ladder is in limiting equilibrium,
F=pR=F=03R

_ : Ei—) F=NEM E=350g

R M4y 20gxdcosd +30gxroosf=NxBeind

4m =g

im

A ‘F Dividing through by Ssin 8
R 80g —;3ng
Substituting for tan &

W= alg —]|—63ng _F

8lg +30gx

=03= =03x50g

84+3x =13x16=24

3x=16,x=5;—m

© Pearson Education Ltd 2C
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Question:

A smooth horizontal rail 1s fixed at a height of 3 B
m above a rough herizontal surface. & uniform
pole AS of weight 4 M and length & m 15 resting

with end A on the rough ground and touching the
rail at point O

The wertical plane containing the pole 13
perpendicular to the rail. The distance AC 12 4.5 m
and the pole 13 in limiting equilibrium. Calculate

a the magnitude of the force exerted by the rail
on the pole,

b the coefficient of friction between the pole and the ground

Solution:

S1s the normal reaction at C,

R 15 the normal reaction at A, and

£ 15 the friction at A

& 15 the angle between the pole and the ground.

a
M(4) 455=4x3cosf

From the diagram, sinf = i % ;

45
=>-|:osE5'—""r ""r

455=125 = 4~J’§,S=¥N

h

R() F=Ssinf=32x1=168

R(TY R+Scosd=4
s —4_§x¢5_4_2? %
e —ﬁﬂzp.lﬁﬁ_#xﬁs

=152 0526 (3s)
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Exercise D, Question 6

Question:

A uniform ladder rests in limiting equilibrium with itz top against a smooth vertical
wall and its base on a rough herizontal floor. The coefficient of friction between the
ladder and the floor 15 U Given that the ladder malkes an angle 2 with the floor,

show that 2utan 8=1.

Solution:

suppose that the ladder has length 2a

and weight

S1g the normal reaction at the wall, & 15 the normal
reaction at the floor, and & 15 the friction at the floor.

A 1z the point where the lines of action of ¥ and 5 meet.

Mi{E) 2asm A= F = Exacosd,
2Fsinf = KHcoosf

The ladder 1z in limiting equilibrium, so
F =uR

= 2uRsinf = Hcosd

F 2uzing =coszd
2pdsin _1
cosf
2utand =1

© Pearson Education Ltd 2C
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Exercise D, Question 7

Question:

& uniform ladder AR has length 7 m and mass
20 kg The ladder 1z resting against a smooth
cylindrical drum at &, where AF 15 5 m, with end
A in contact with rough horizontal ground. The

ladder 15 inclined at 35" to the horizontal.

Find the normal and frictional components of the contact force at 4, and hence find
the least possible walue of the coefficient of friction between the ladder and the
ground.

Solution:

MNis the normal reaction at M, & 1z the

normal reaction at A and & 1z the friction
at A.

M4 20gx35c0s35 =5N

20g %3 5¢c0835"

= N= =ldgcos35

RE() MNcos3d +R=20g
E=20g—14gces35 xcos35 =1039... 1

R(—) F= WNin33' =14gces35ein35 =64.46 N
Fooo= uR

= 14gcos35 sin 35 < u(20g —1dgcos® 35)

14cos 35 5in 357

2 e
20—14cos® 35°
W= 0.620(3af)
Least possible value 15 0620 (35.£)

© Pearson Education Ltd 2C
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Exercise D, Question 8

Question:

A uniform ladder rests in limiting equilibrium with one end on rough horizontal
ground and the other end against a rough vertical wall. The coefficient of friction

between the ladder and the ground 1 L, and the coefficient of friction between the
ladder and the wall 12 1, . Given that the ladder makes an angle 8 with the

horizontal, show that tand = m .
24
Solution:
N O

Fand F are the normal reaction and the
friction where the ladder 15 in contact
with the ground 5 and & are the

normal reaction and the friction at the wall.

A 1z the point where the lines of action

of & and 5 meet.

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

suppose that the ladder has length 2a and weight ¥

Az the ladder restz in limiting equilibrivm,
F=pmh and F=p7

MW xacosf = Fx2aanf+Fx2acosd
Dividing by acosf gives

W=2Ftan8 427

B+ F=4¢
EMW=R+T

substituting for Wand 7 in the moments equation:

R+G =2 Rtan 6 +20F
=S R—G=2Rtan 8
But G=p 8 =p,F = fso
A—ih i R =20 tan @
1_ﬁ=tanlﬁ'

24

Hence
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Question:

A uniform ladder of weight ¥ rests in equalibrium with one end on rough horizental
ground and the other resting against a smooth vertical wall. The vertical plane

containing the ladder is at right angles to the wall and the ladder iz inclined at 607 to
the horizental The coefficient of friction between the ladder and the ground 12 1

a Find, in terms of ¥, the magnitude of the force exerted by the wall on the ladder.
b Show that 4= 2+f3.

A load of weight w is attached to the ladder at its upper end (resting against the wall).

c Given that p= ;—\E and that the equilibrium iz limiting, find w in terms of

Solution:

PhysicsAndMathsTutor.com
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Let 4 and B be the ends of the ladder.

S 15 the normal reaction at B, & the

normal reaction at A and & the friction at 5.
The length of the ladder is 2a.

a

M4 Wxacosé)' = Sx2acos30

o 1
SZWQCOSEG :ijzﬂ
2acos30° 2><£ 2@
2
b
W
R(—) F=S=—_ R(}) R=W

23

The ladder 1z in equilibrium so F =< uf

2.3 o3 2x3 6
L= % as required.
c Adding the load at the top of the ladder

aned using the limiting equilibrium.
Rifisyigy= Fzﬁ,Rm wH+IW =R
M(B) Wxacosfl) + Fx 2asin60 = Bx 2acosb0

) 1 _ 1
LE Waxj-l-EanT— EQ:ij

Diwviding by % and substituting for #

W+2J§><$=2R
_ _6 el
W=2R—CR=_R=_(w+W¥)
4 _ 4 W
=>-W—3W—Fw,w—E

© Pearson Education Ltd 2C
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Question:

A uniform rod X¥ has weight 20 I and length 20 cm. The rod rests on two parallel
pegs, with X abowve ¥, in a vertical plane which is perpendicular to the azes of the

pegs, as shown in the diagram. The rod makes an angle of 30° to the horizontal and
touches the two pegs at P and {0, where AP =20cm and X' =40 cm.

a Calculate the nermal components of the forces onthe rod at 7 and at 0

The coefficient of friction between the rod and each pegis 1.

b Given that the rod 18 about to slip, find 1

Solution:

T1s the normal force at P,
i# 1z the friction at F,

& 15 the normal force at (O,
F s the friction at £

a

MIF)Sxd = 20x2 5xcos 307

N
_ 20 2.5)-(7 :25‘4;3- s
4 4 ’
LIONT xd=20x1.5xcos 30°
i)
= 20)(1_5)(7 _ 1545 .
a

4

R () G+ F = 2000560 =10
= gT+uS=gx¥=lUﬁu

as the red is about to slip,

!
U=

© Pearson Education Ltd 2C
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Exercise D, Question 11

Question:

The diagram shows the wertical cross
section A8CD through the centre of
mass of a uniform rectangular box The
box 15 resting on a rough horizental floor
and leaning against a stnooth vertical
wall.

The box has mass 25 kg
AR =05m,80=15m and AD iz at an

angle of @ to the horizontal. The coefficient of friction between the box and the

P |
ground iz i
Given that the box is about to slip, find the value of 8.

Solution:

Fand 5 are the normal reactions at 4 and
D respectively. & i3 the friction at 4.

C Lz the box is about to slip, F= %R .

Lim " S \ In order to take moments about A,
i ; \ 3 :
~ \ reselve the weight inte components
15 \lin ] H‘ D 2 P
B<
5 m

r o H 2hgoosd
/,Xﬂ - Rand 5 are the normal reactions at 4 and
\_ _,_,a-"""'{ ek parallel to 4.5 and 25g sin @ parallel to

A g

r AD,

M{Ay Sx15snf84025%20ganf =25gcos8x075
_ 2hgcosfx075—25gsin 8025

o :
15:znd
i 25g(3cosd —and)
Gsin @
R(—) F=5= 25g(3c0§8—s1n &)
6 sin @
Ry R =25g
F:lR:;.BCOSE;__SlnE;:l
4 &sin 4

50
12cos@—4dsind® = 63in 8

12cosd =103 6

126
tan & =m=z
g =502

© Pearson Education Ltd 2C
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Question:

A uniform rod of length { has a ring at one end which can slide along a rough
horizontal pole. The coefficient of friction between the ring and the pole 13 0.2, The
other end of the rod 1s attached to the end of the pole by a light inextensible cord of
length [ The rod rests in equilibrium at an angle of @ to the horizontal. Using a
geometrical method, or otherwise, find the smallest possible value of 8.

Solution:

The diagratn of forces has four forces acting,
the weight, I¥, the tenszion, T, in the cord, the
normal reaction, &, and the friction, 7, at the
ring end. Combining & and ¥ to give a single
contact force at the ring reduces the problem to
one of an object in equilibrium with three forces
acting. These must be concurrent.

Triangle ABC iz 1zosceles (2 sides of length ).

Equilibrium F < uR 02> % , but

7 EB
I —=tanp=02>tanp=—
g ¥ =T

Triangle BED = KB = LpY:

Triangle AEF = EF = %sin g

[

EEX i i € <02
BEF Zanf Ztand
= tan 6> )
Ix02 3
= A >590°
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Exercise E, Question 1

Question:

Whenever a numerical value of g is required, take g =9.8m ™.

A uniform ladder of mass 20 kg and length & m rests with one end on a smooth
horizontal floor and the other end against a smooth vertical wall. The ladder 15 held 1n
thiz position by a light inextensible rope of length 5 m which has one end attached to
the bottom of the ladder and the other end fastened to a point at the base of the wall,
vertically below the top of the ladder. Find the tension in the rope.

Solution:

Let A and & be the ends of the ladder.
F iz the normal reaction at A,

&1z the normal reaction

at & (both smooth surfaces).

5 { . B Tiz the tension in the rope.
/’ The angle between the ladder and the ground
3im/ iz 8.
Ri{(— R=20g

Efmy =T

M{ANZ0gx3xcosf = Sxbxain b

52 _52

[

50 20g x3x3 = §x6x

S0g = +f118

rege 28 ysoneeE

J1
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Exercise E, Question 2

Question:

A uniform ladder AR of mass Mkgand length 5 m rests with end A on a smooth
horizontal floor and end B against a smooth wvertical wall. The ladder 15 held in
equilibrium at an angle 8 to the floor by a light horizontal string attached to the wall
and to a point O on the ladder. If tan 8 =2, find the tension in the string when the
length AC 15 2 m.

Solution:

Given tanf =2 .

The normal reactions at.A and B are X and 5
respectively.

iz the point where the times of action of & and 5 meet
Tig the tension in the string.

MIE) Mgx2ixcosf=Tx3xsinf
(Tote that, by taking moments about X we do not need
to find out anything about R and 5
Dividing by coz 8
UG AT gy
2 cosd

Therefore T = %
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Question:

& uniform pole AF of weight 12 N has 1tz lower end A on rough herizontal ground.
The pole 15 being raized into a vertical position by a rope attached to B The rope and
the pole lie in the same vertical plane and A does not slip across the ground. Find the
herizontal and vertical components of the reaction at the ground when the rope is

perpendicular to the pole and the pole 1z at 15" to the horizontal

Solution:
5,
et the length of the pole be 2a.
N Let the length of the pole be 2
\\ Tis the tension in the string.
12N r 15° iz the normal reaction at A, and
B F s the force due to friction at A
// WA 12xaxcosld =T x2a
j/ =T =ftcosls
/// E{—) F=Tzunld" =6cozld"anld"=15H
/] R() R+Tcosls =12
o a o o _
R . 7 /IET\' R=12—fcozld xcosld =64 N2z
A15
1 F
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Question:

AE 1z a light rod of length 52 rigidly jeined to a
light rod BC of length 2a z0 that the rods are
perpendicular to each other and in the same vertical
plane, as shown in the diagram. The centre, &, of
AR iz fized and the rods can rotate freely about O in
a vertical plane. & particle of tmaszz Zm iz attached at
A and a particle of mass m 18 attached at & The
system rests in equilibrium with A5 inclined at an
acute angle 8 to the wertical Find the walue of 8

Solution:

There will be a reaction at &, but if we talce moments

about & we will not need to know anything about
this force.

MO} Fmg % Z—asinﬁ' =mg><(52—asin9 +2acos6)

Dividing by mga:
1558 Sanf
Y 2

=5sn = Z2cosd tand =

+Zcosd

Al b

=0 =tan'04=218
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Question:

A uniform ladder A5 haz one end 4 on smooth
horizontal ground The other end B rests against a
smooth vertical wall. The ladder 1z modelled as a
uniform rod of mass # and length S The ladder
15 kept in equilibrium by a horizontal force 7
acting at a point ' of the ladder where AT =a .
The force & and the ladder lie in a vertical plane
perpendicular to the wall. The ladder 1z inclined
to the horizental at an angle 9, where tan9=115,
as shown in the diagram.

Show that F =228

32

Solution:

Let &be the force between the ladder and the wall at 2.
Let Ete the normal reaction at.A (Both surfaces are
stneoth, 20 no friction)

Ei—=y F=5§

M) mgx%xcosﬁ'+}?xaxsinﬂ=S><5a><sin|5'
Dividing through by acos @ gives
fSmj‘g-|-F1:an|5'=5S=5F,

50 MT‘E:SF—I.BF:B.EF and

” Swg = S0z . 2oz
2x3.2 64

as required.

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 6

Question:

A uniform rod AE, of length 12a and weight ¥, 15 free

to rotate in a vertical plane about a smooth pivot at A
Cne end of a light inextensible string 15 attached to 5

The other end 1z attached to point & which 15 vertically
abowe A, with A =52 The rod 15 in equilibrium with 4 .
AR horizontal, as shown in the diagram. i

Find, in terms of ¥,

B

a the tension in the string,

b the magnitude of the horizontal component of the force exerted by the pivot on
the rod.

Solution:

Let the angle between the string and the roed be &,
Tbe the tension in the string, X the horizontal
component of the force at 4 and ¥ the vertical
component of the force at 4.

a

M(A) W x6a=Tsin§x12a =T><%><12a

(zince ABC a3, 12, 13 triangle)
Wxbax13 13

Giving 7=
T # SwlZa 10
4 b
; W
Ei{—) X=Tcosﬂ=@x2=ﬁ
m 13 5
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Exercise E, Question 7

Question:

A uniform ladder AF, of mass s and length 2a, has one end
A onrough horizental ground. The other end B rests against
a stnooth vertical wall. The ladder 15 in a vertical plane
perpendicular to the wall. The ladder makes an angle o

with the vertical, where tan o =% CA child of mass 2ms

stands on the ladder at &' where AC = %a , as shown 1n the

diagram. The ladder and the child are in equilibrium.
By meodelling the ladder as arod and the child as a particle,

A

calculate the least possible value of the coefficient of friction between the ladder and

the ground.

Solution:

Let AMbe the force between the ladder and the wall at

B —perpendicular to the wall since no friction here,

N ‘/— B Let R be the normal reaction at 4, and 7 the friction

J/A:' g atﬁ

”/f R(T] R zgmg

Vi =FRxZasn o

Substituting for £, sina and cosea:
c x%+F>< 2a %

3
mgaxi-l- 3

Bmga

/ M(B)mgcxsina+2mgx%xsina+ﬁ'x2acosa

3
= T

4:
5

5 5

5 5 5

_/
i
/ mg
R /[ 3_;:// 7 XS_a _ 18mga 3mga 3mga _ Temga

FE ; The ladder and the child are in equilibrium,

© Pearson Education Ltd 2C
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_Tmga 5 _Tmg
= Pl i Rl
so & SR LR

Tmg 1
= g S PX3mg. 2oy,

the least possible value for o is %
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Question:

A uniform steel girder A of weight 400 W and length

4 m, 1z freely hinged at 4 to a vertical wall The girder

15 supported in a horizontal posttion by a steel cable 5
attached to the girder at 5. The other end of the cable

1z attached to the point & vertically above 4 on the

wall, with SABT = where tan o = % C A load of o

ix

weight 200 M iz suspended by another cable from the o
girder at the point [, where AD =3m | as shown in

the diagram. The girder remains horizontal and in equilibrivm,

The girder 15 modelled as a rod, and the cables as light inextensible strings.

a Show that the tension in the cable 50 1z 350\5 M.

b Find the magnitude of the reaction on the girder at A

Solution:
Let the tension in cable 80 be T The horizontal and
vertical components of the tan o = % == o
t.x‘x,_._ reaction at 4 are & and ¥ respectively.
el
e a
¥ 8 ; WAy 400x24+200x3=Tsneax4

5 4 B g
| 5 T . 1400_4%%,5,?_350\:’5}1

2m I m I m b
Y
400 N T 200N R{—) X=Tcosa=35o.,a’§xj?5.=?oorcr
. 1
R(D) ¥ =6DU—Ts1na=6UU—350£x?§

= 25017
Magnitude of the reaction

= J700% +250% =, [552500 =743 ¥ (3 5.£)

© Pearson Education Ltd 2C
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Question:

A non-uniform rod A8 of length {

rests horizontally with its ends -
resting on two smooth surfaces b —
inclined at 20" and 30° to the o
horizontal, as showninthe T St e R T
diagram TTze a geometrical method to find the distance of the centre of mass from A

Solution:
Suppose that the centre of mass is distance x
e from A
i There are three forces acting, the weight and
i m the two normal reactions, so thewr lines of
A0, action must be concurrent
The length o lies in 2 separate right angled
triangles:
. I—
4 Z =tan 20" and = =tan 30"
- d
Ry A\ Ry P x _tanzl
- {—x  tan30°
~4f = l-x B~ x(tan 30° +tan 20°) =/ tan 20°
iﬂﬁr—- 130 I R (2s.f)
tan 307 4+ tan 207

W

© Pearson Education Ltd 2C
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Exercise E, Question 10

Question:

A uniform ladder, of weight ¥ and length 2a, rests in
equilibrium with one end A on a smooth horizontal floor
and the other end B against a rough vertical wall. The
ladder 13 10 a vertical plane perpendicular to the wall The
coefficient of Friction between the wall and the ladder 15 L.

The ladder makes an angle & with the floor, where
tan 8 = ; A horizontal light inextensible string OO0 15

attached to the ladder at the point O, where AC = %a _The

string ig attached to the wall at the point D, with 50
vertic al, as shown in the diagram. The tension in the string is ;—W By modelling the
ladder as a rod,

a findthe magnitude of the force of the floor on the ladder,
b  showthat uz % :

¢ State how you have uzed the modelling assumption that the ladder 15 a rod.

Solution:

Let & be the normal reaction at A, A
the normal reaction at £ and # the friction at B
a

LI E) gx%xginE'-I-Wxaxl:osﬁ':RxZaxl:osﬂ

ff'; Diwiding by acosf gives
i
/ 23:Extmﬂ+}?=lxiw+p@f:16w
P 4 12 12 3 Q
2a s J
4 /{f =0 R =ﬁ
/ 9
/f ; h
,f'x RI:—}) N:%
J;/ W
- RN R+F =W, F=—-R=Y
I._ : . ."j.{/I ~, . n
|| / 0 " - 1
A8 3 s FEuN= <= Bz~

c
The ladder haz negligible thickness f the ladder does
not bend.

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise E, Question 11

Question:

A uniform pole AR of mass 40 kg and length 3 m, 15

smoothly hinged to a vertical wall at one end A, The i .
pole 15 held in equilibrium in a horizontal position by i T I B
a light rod O One end C' of the rod 1z fixed to the
wall vertically below A The other end D0 15 freely 43
jointed to the pole so that ZACT =45 and c
AC =1m, as shown in the diagram. Find

a the thrust in the rod 00,
b the magnitude of the force exerted by the wall on the pole at A

The rod C'D 15 removed and replaced by a longer light rod CA, where M 15 the
midpoint of A8 The rod 15 freely jointed to the pole at M The pole A8 remains 1n
equilibrium in a horizental position.

¢ =how that the force exerted by the wall on the pole at A now acts horizontally.

Solution:

Let the horizontal and vertical components
or the force at 4 be X and Frespectively.
Let the thrust in the rod be 7.

) da
R 1><P><|:os45“=40g><%
B
P= 603, = 602 =830 M2 s.£)
cosds
b

Ei—) XA =Frosdd =é0g
EMy F+FProsdd =40g

r=40g—é0g =-20g
resultant =-fX° +7* = ]Clg-»,p‘42 +2 ZIOg—\f%
= 620 N2 1)

C

~,  The lines of action of & and the weight meet at M,
hence the line of action of the resultant of X and ¥ must
p also pass through M (3 forces acting on a body in
equilibrium). Therefore the reaction must act
herizontally (1e. no vertical component).

Im

© Pearson Education Ltd 2C
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Exercise E, Question 12

Question:

A uniform rod AS, of weight Wand length 2z, 15 used
to display a light banner. The rod 15 freely hingedto a -
wvertical wall at point £ It 1s held in a honzontal e
posttion by a light wire attached to 4 and to a point O -t
vertically above B on the wall. The angle CAF 1z 2, A

where tand =—.
3

a Show that the tension in the wire is

W
2znd

—_ & B

b Find, in terms of ¥, the magnitude of the force

exerted by the wall on the rod at &

Solution:

© Pearson Education Ltd 2C
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Tisthe tension in the string, Fand A are
horizontal and vertical components of the
force at B

a
MiEY axW=Tsnfx2a
-7 =
2eind
b
E{—) Trosd =H
2 AW
= ——xcosfl= =
asind stan @ 2
W W

R(D) Tsinf+V =W=—+V=¥=—

go, using Pythagoras, the magnitude of the resultant
force 1z

%41%32 =@.

Pagel of 1
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Exercise E, Question 13

Question:

A uniform ladder, of weight #and length 5 m, has one end on rough herizontal
ground and the other touching a smooth vertical wall. The coefficient of friction
between the ladder and the ground 15 0.3

given that the top of the ladder touches the wall at a point 4 tm vertically abovwe the
level of the ground,

a show that the ladder can not rest in equilibrium in this position.

In order to enable the ladder to rest in equilibrium in the position described above, a
brick is attached to the bottom of the ladder.

Azzuming that thiz brick 1z at the lowest point of the ladder, but not touching the
ground,

b show that the horizontal frictional force exerted by the ladder on the ground is
independent of the mass of the brick,

¢ find, in terms of W and g, the smallest mass of the brick for which the ladder wall
rest in equilibrium.

Solution:

PhysicsAndMathsTutor.com
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4m

/I: 4m
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a

R F=8,R(—)R=W
M(X)1.5W =4F

Fingb-ﬁiU.BxR

33 i
TS TEsme
which is false, therefore the assumption F < 4R must

be false — the ladder can not be resting in equilibrium.

h

WWith the brick in place (second diagram).
WXy 153 =4F s0

F= g = g which 15 independent of

A the mass of the briclc

R() R=W4+Mg, R(—) F=35

Fus 7 o3 +a =27 D

= 10 < 8 +8Mg
SMgEEW,MEE
4g

o the smallest value for A1 %
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Exercise E, Question 14

Question:

A umform drawbridge ABCD 15 6 m
long and has mass 1200 kg The bridge
1z held at 10° to the horizontal by two
chains attached to points & and A on
the bridge 5 m from the hinge and to
fizxed points & and F at a height of 7 m
vertically above 4 and 2 Find the
force from the hinge.

Solution:

1200 g

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Tm

Fand & are the vertical and horizontal
components of the force at the hinge.
T'1s the tension 1n the cables.

We hawe 2 unknown forces, ¥ and &, that we need to
find. Tiz unknown, but we are not asked to find 1t If
we take moments about axes £F and A then we can

obtain 2 equations 1 Fand A but not T

Abhout BF:
TH =1200g x3cos107,

2600g cosl10°

H = ra 4960 IT

About A

Frocosll®=H x5an 10" +1200g x 2coz10°

SH sin 107 4 2400g cos10°
Scozll’

Combining the two components of the
force at the hinge gives a force of magnitude

J4960% 4+5580% a2 7470 N at an angle of

an ! @ £z 48 to the horizontal.
4960

Pagel of 1
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Review Exercise
Exercise A, Question 1

Question:

Whenever a numerical value of g is required, take g=98m s

A stone was thrown with velocity 20 m s at an angle of elevation of 30° from the

top of a wertical cliff. The stone mowved freely under gravity and reached the sea 5 s
after it was thrown Find

the wertical height above the sea from which the stone was thrown,

the horizontal distance covered by the stone from the instant when 1t was thrown
until it reached the sea,

¢ the magnitude and direction of the welocity of the stone when it reached the zea

Solution:

PhysicsAndMathsTutor.com
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The first step in most projectile
gquestions is to resolve the

Page2 of 3

velocity of projection horizontally
and wvertically.

The vertical motion 15 motion

under constant acceleration of

magnitude 9.8m s~

R(—) u, = 20cos30"=1043 4——]
E(Ty w, = Z20an30° =10
a
R() s = uttsaf
= 10x5—4.9x
= =725
The wertical height abowe the sea from
which the stone was thrown 18 72 m (2 2.£).
h
E{—) distance = speedxtime
= 1043x5
= 503=286602._.

The horizontal distance covered by the stone

1387 mi2 s

R v

u? 4 2as

The horizontal motion 15 motion
with constant speed. In this
gquestion, the hotrizontal
component of the velocity iz

IUN@ m s throughout. It never
changes.

=
I

»

Yy

2 102 — 2% 9.8x (—72.5)

1521

&

1521 =-39

The stone iz moving downwards

Az the stone reaches the zsea

&

u:—l—vi -
= (1043 + (=39 =1821
o= Jfi821=42673.
a1 B s peveses

1043

The magnitude of the velocity of the stone as it
reaches the sea iz 43m 570 (2 5.£3, and the direction

1z B6° | (nearest degree), below the horizontal.

PhysicsAndMathsTutor.com

as it reaches the zea, so the
negative square root of 1521 iz
the appropriate root.

Welocity iz a vector quantity.
Finding the magnitudes and
directions of wectors is found in
Chapter & ofthe M1 boole

+— Asthe numerical value g =98

haz been used, wou should give
wour answers to 2 significant
figures. Answers cannot be more
accurate than the data used to
calculate them.
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Review Exercise
Exercise A, Question 2

Question:

A darts player throws darts at a dart board which hangs vertically. The motion of a
dart 1z modelled as that of a particle moving freely under gravity. The darts move ina
vertical plane which is perpendicular to the plane of the dart board & dart i3 thrown

horizontally with speed 12.6m s It hits the board at a point which iz 10 cm below
the level from which it was thrown.

a Find the horizontal distance from the point where the dart was thrown to the dart
board.

The darts player moves his position. He now throws a dart from a point which iz ata
horizontal distance of 2.5 m from the dart board He throws the dart at an angle of

elevation o tothe horizontal where tan = % . The dart hits the board at a point
which 1z at the same level as the point from which it was thrown.

b Find the speed with which the dart was thrown

Solution:

PhysicsAndMathsTutor.com
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a The initial components of the velocity are

_ Az the dart 15 thrown horizontally,
R 12.6./’/,/’/’/'/4 the wertical component of the
By w, =0

initial velocity 15 zero.

R() s = uz+%azﬂ
0.1 = 04409

Tou usually work in metres,
kilograms and secondsz. Here, as

2 = %:%:}g:% the units of g are m 37, you need
RIS Wi B SR to .convert 10 cmte 0.1 m before
) using the standard formula
= 125)(?:1'8 S=m‘.+%a.ﬁz to find ¢,

The horizontal distance from the point
where the dart was thrown to the dart board

12 1.8 m
7 . 7 24 | As P +24* =25 using
h tan{x=E::~s1nzx=E,cosa=E
25 |
o 7
j__.--“"' IV
24
Let [Fm s~ be the speed of projection. you can write down sin¢ and
Cos 0f
Bi—=) uw, = Un:osa—%
. T
Ry wy, = Usma:f
E{—) distance = speedxtime
24U 625
23 = e XL o gy
R(Ds = ut+sal’
17 g The zeparate equations for the
0= a5 RXE— 49t distances travelled horizontally
and wertically give simultanecus
As £ 0, dividing by ¢ +—— equations in OF and ¢ from which
both can be found. In this
70 guestion, you are not asked for £
0 = 3_4-9” bt it is quite common to be
_ _Ju _ 825 . 1 asked for £ and you could
£ = gmane g om o substitute your answer for 7 into
1) to find it.
7R = 62'5XZ5X4'9=45.5?2... (1) to find 1
T 24
o0 = 67350

The speed with which the dart was thrown is
6.8m s (2 af)

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 3

Question:

A particle is projected with velocity (81+10j) m s, where i and j are unit vectors

horizontally and vertically respectively, from a point O at the top of a cliff and moves
freely under grawvity.

=iz seconds after projection, the particle strikes the sea at the point 5 Calculate

a the horizontal distance between & and 5,

b the vertical distance between O and 5

Attime T seconds after projection, the particle is moving with velocity
(8i—14.5))m s

¢ Find the value of Tand the position vector, relative to &, of the particle at this

instant.

Solution:

PhysicsAndMathsTutor.com
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The nitial components of the velocity are

Ei—) », = & + When the velocity of projection i3
R =, = 10 given as a vector in terms of i gnd
j, the uzual first step of resolution
2 _ _ iz zimpler. The horizontal
R(=) distance = speedxtime component 18 8 and the vertical
= Bx6=48 10.
The horizontal distance between O and 51z 48 m.
b

E = uﬁ—i—%azg

= 10x6—4.9x6*=—116.4
The wertical distance between O and 51z 120 m (2 2.£).

EMT v = wdat
—145 = 1o—987 ¢ Congidering the j components of
o WS_M5_5_,1 %e.velocity,v=—1.4.5 arid g =10,
5F 08 3 7 sing v=u+af with a =-—28
then gives you the time.
E(—) distance = speedtime

“-‘_‘_-_\_-_'_'_‘—'~—._
8% =20

The i component of the velocity
remains & throughout the motion

20 15 the i component of the
position vector,

R() s = ut+yai’

]
10x§—4%{9 =-2 | L= 55 isthe]

component of the position
veCtor.

The pozition vector of the particle after 2%

seconds iz (ZDi— %]] m.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 4

Question:

nm s—|

4 m

3 m

A ball 15 thrown from a point 4 m above horizontal ground The ball 15 projected at an

angle o abowe the horizontal, where tan o= % The ball hits the ground at a point

which i1z a horizontal distance 8 m from its point of projection, as shown in the figure

above. The initial speed of the ball is z m ™ and the time of flight is Tseconds.
a Prove that 47 =10.
b Find the value of

Az the ball hits the ground, its direction of motion makes an angle ¢ with the
horizontal.

¢ Find tan ¢

Solution:

PhysicsAndMathsTutor.com
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3 : 3 4 "
tan g =—=ssin=—,cos=— . -~
4 5 5 3.7 |,
. ]
R{—) u, = wucose=—u .-#// [
5 4
. 3 This diagram shows that if
R(T) H, = uSNH=_u §r 5 4
5 tah =2 sin =2 and cosex=_.
4 5 o
a
E{—) distance = speedxtime
-‘—-____A___-_ A
o @ ilu T The horizontal component of the
3 wvelocity remains unchanged
ul = Sx% =10, throughout the question.
as required
The separate equations for the
distances travelled horizontally and
vertically give simultanecus
equations in & and T
b

I o
i+ = @t
+2

b
=
o

L7}

3

Il

3 s The ball descends 4 m before
—4 = 3”T_4-9T hitting the ground. 3o, if the

4 = 3.10—4097" upwards direction is taken as
3 ' positive, s =—4.
49T = 64+4=10
2 10100 10
T = g=m>T=7
Frompart a
wul = 10

uxl?—o = W0=u=7

¢ Atthe point where the ball hits the ground

EfTy v = u-tat 4+— The vertical component of the
i = Tina= 1D amcag | T
= Boopcldooss i e
s i T"u:osa=?><%1=5.6 v=u+tat 15 usually the

As the ball hits the ground sunplesblotmulato toe

5.6

"/\ YooK
\

tan(p=%=l.?5p

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 5

Question:

A wertical cliff 15 73.5 m high. Two stones A and B are projected simultaneously.

Stone 4 is projected horizontally from the top of a cliff with speed 28 m s, Stone B

is projected from the bottom of the cliff with speed 35m 57! at an angle o above the

herizontal. The stones move freely under gravity in the same vertical plane and
collide in mid-air.

a Byconsidering the horizontal motion of each stone, prove that coser= %1 :

b Find the time which elapses between the instant when the stones are projected and
the instant when they collide.

Solution:

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2

Tt helps vou to draw a sketch to

i / illustrate the data of the question
M ms! This shows that, for 4 and 2 to
] e e S R i collide, two conditions have to be
'““-x._x‘ . et Firatly, the horizontal distances
S . moved by A and B (here labelled x,
5 \' and xg) have to be equal. Secondly
T35 m
B SR P the distance fallen by Aly,) and the
Bmsl 7 e distance moved upwards by By ;)
e ' tnust add up to the height of the cliff,
. s ' B F35m
a Ford,
E{—) distance = speedxtime
X, = 2B
For B,
E(—) =, = 35coza
R w, 30sin o
Ei{—) distance speed x time . .
For collision, the horizontal
3 Bﬁcoy distance fravelled by the stones
Xy Xg must be the same.
28 3ocosa f
/4 ;
Cos g =588 required Az £+ 0 when the stones
collide, vou can divide both
b ForA, sides of the equation by £
R() s = wtsal’
y, = 0+49°
For B,
R(T) s = ut+gal’
¥y = 3sinax:—49° B s . 169
3 / sin“e=l-cos’ a=l-===

4 :
cos&t=§::~s1n&t=—

s =35xIxt—498 =21t—497

AHE 42— ATE =T35 ]

Yatya=T735
_ 135 _
fmie =30

The time elapsed 12 3.5 5

© Pearson Education Ltd 2C

implies sina=% or you could

usea s, 4, 5 triangle to zee this,

The two distances moved
vertically must add up to the
height of the cliff

PhysicsAndMathsTutor.com
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Review Exercise
Exercise A, Question 6

Question:

11 ms-1

2 m

- 10 m L

The chiect of a game iz to throw aball B from a point A to hit a target 7 which is
placed at the top of a vertical pole, az shown in the figure above. The point 4 i 1m
abowe horizontal ground and the height of the pole 18 2 m. The pole 15 a horizontal
distance of 10 m from 4.

The ball B is projected from A with speed 11m 57 at an angle of elevation of 307
The kall hits the pole at C The ball B and the target T are modelled as particles.

a Calculate, to 2 decimal places, the time taken for B to move fom A to O

b Show that C iz approximately 063 m below T

The kall is thrown again from 4.

The speed of projection of B is increased to §"m s, the angle of elevation remaining

307 This time B huts T
¢ Calculate the value of I

d Explain why, in practice, arange of values of " would result in B hitting the
tatget.

Solution:

PhysicsAndMathsTutor.com
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R(—) u,
EM =,

a R{—) distance

11cos 307 = 5.5,3
= 11sin30° =55

= speedxtime
10 = 553x¢
t = L =1.049727

NE

Ifthe question specifies a
particular accuracy, you must
give your answer to that
accuracy to gain full matks.

The time talen to mowe from A to Cis 1.05 seconds (2 dp.).

RN =

ué-l—%aﬁz
55%1.05—49%1.05 =0.374

The distance below T i3

(1-0374m=063m , as required.  #——

R{—=) u,
E u,

E{—) distance =

R(T) =
1

1

4.5 400
3

Vﬂ

o

d 5 and T are not particles but take up space;

= ooz 3l
= Fan30°
speed ¥ ime
10 = Fros30 xi
10 20
i = e s 1 -—
cos30® W5 I::l

1
1k +5a£2

The ball starts 1 m abowe the
ground and hits the pole
approzimately 037 m higher
than it started. That leaves
another 0,63 m to reach 2 m
abowe the ground

Theze two equations in Fand &
enable either to be found by
elimination. In this case £ has to

Foin 307 xf —4 947 (2) / be eliminated.

Exl_ayg[ﬂ]z

N ]

10 yog7m3

N

RO e
3%4.773...

11699 =12 (2:£),

they have extension Thiz would allow a
range of wvalues of ¥ resulting in hitting the

target.

© Pearson Education Ltd 2C
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From (1), £ = % and this is

substituted into (23

For example, the target
talees up space and can ke
hit at its top, its bottom or
anywhere in between.
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Review Exercise
Exercise A, Question 7

Question:

A particle P, projected from a point & on horizontal ground, moves freely under
gravity and hits the ground again at A

Taking & as origin, <A az the x-axis and the upward vertical at O as the y-axis, the
equation of the path of F 15

2
X

500

where x and y are measured in metres.

M

a By finding % show that P was projected from O at an angle of 45° to the

horizontal,
b Find the distance 04 and the greatest vertical height attained by F abowe O
¢ Find the speed of projection of P,

d Find, to the nearest second, the time taken by P to move from & to A

Solution:

PhysicsAndMathsTutor.com
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x2
a ¥y = X
e P,
dx @0 4
dy
When x=02Z=
dx

The gradient of the direction of motion at &
1z 1 and the angle iz given by tand=1.

Hence 8=45", as required.

h Fisat A when yv=10

2
e & —uly G
200 200

d_y 1z the gradient of the

dx

path ofthe projectile and, at
any point of the path, this iz
the direction of motion of
the particle.

cotresponds to the
mazximum point on the
curve and, as thisis a
stationary value, using the
knowledge you learnt in the

At A x#E0
1— 2 =0 = x=500
500
QA =3500m
The greatest height 15 reached when % =[ #— The greatest height
-2 =0=sx = 250
250
2554
y=250- = 125
500

The greatest height reached 13 125 m.

¢ Let the speed of projection be T m s,

Initially R(T)u, =1/ sin 45" = Ll

2

Atthe greatest height

o
E u = — v=0g=120a=—9%%8
(1 X
v = u+2as
2
0 = %—2><9.8><]25
I = 4x9.8x125=4900= U/ =70
The speed of projection is 70 m s,
d Ei—=) u, = 705in45“=%
E{—) distance = speedxtime
00 = Eﬁ=>-f,=500‘4’6=]lifl.ll:ll__.
0 70

C2 module, thiz iz found by
o dy
utting —=10. The M2
F 2 i

maodule requires knowledge
of the C1, C2 and C3
specifications,

*+— Atthe greatest height the

vertical component of the
velocity iz 0. The value of 5
1z the height found in h.

The horizontal component

of the velocity 15 &, =7

throughout the motion

The time taken for F to move from O to A 15 10 5 (nearest second).

© Pearson Education Ltd 2C
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Exercise A, Question 8

Question:

49 m 5!

- 98 m >
A golfball is projected with speed 49 m 57! at an angle of elevation o from a point 4

on the first floor of a driving range. Point A 15 at a height of 3% m abowve horizontal

ground. The ball first strikes the ground at a point (' which is at a horizontal distance
of 98 m from the point 4, as shown in the figure above.

a Show that

6tan® @—30tan e +5=10.
b Hence find the two possible angles of elevation.
¢ Find the smallest possible time of direct flight from A to 2

Solution:
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a Ei(—) u, = 4%coza

R(T) =, = 4%ina

E{—) distance = speedxtime

98 = df%cosaxi=t=
Cos o
FARE
R() s = wttsal’
_3 _ A9sinaxc—498
15

Diwviding by 4.9
— 5 =-2-10sinat -7

Multiplying by 3 and rearranging

3 —sinor—2=10
cubstituting £ =

12

Cos L8

—30sin ax

COE gk

/

These two equations are
simultanecus equations in
o and ¢, You have to
eliminate ¢ first and then use
trigonometric identities to
show that the printed
ANSWer 17 correct.

From A to &, the ball
descends a vertical distance
49

Hooe
of BEm—ﬁm.

Cos o

12secta—60tan @—2 =0

- 1
Tsing —— =seca and
cosc

sec’ a=1+tan’ o

12(tan’ @ +1)—60tan o —2 =0

12tan® @ — 60tan 10 =0
Dividing by 2

6tan® o— 30tan e +5=0, as required.

b tanex =

12

_ 30x,/(300—120) =4.827...,0.1726...

a /s 78.3° 979 o

To the nearest degree, the possible angles of
elevation are 10° and 78"

¢ The smallest possible time 13 given by

-2 o0 o

cos @79

The smallest possible time of direct flight
fromAte @1z 20s(2a1f]

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

TTzing the formula

—bt {zf‘ —-’-1(:-::]
x=—X%_ ! iosolve

da
the quadratic in tan o

i=

There are 2 possible angles. As

, the smaller walue of f comes
CO8

from the larger value of cos of, which
cotresponds to the smaller angle.

2

— =084
cos 723"

Page2 of 3



Heinemann Solutionbank: Mechanics 2 Page3 of 3

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 9

Question:

A particle P moves on the x-axis. Attime ¢ seconds, its acceleration is (5—26) m 57,

measured in the direction of x increasing, When =0, its velocity is 6 m s

measured in the direction of x tncreasing Find the time when P is instantaneously at
rest in the subsequent motion.

Solution:
a = 55—
v = fad.ﬁ=f(5—2.ﬁ)dz
= St—£4C

When t=0v=4§8 -+ The initial condition, that
when £ =0 the velocity iz

E=0—0+0 =("=§ 6 ms, enables you to find

Hence the walue of the constant of

V=649 — 0 mtegration.

When P s at rest . _
0 = 6+45—t e | When & 1z at rest, its

5 velocity is 0,
-6 = ({—6EF+L=0

¢ = 6,—1
The question asks you for
i=0 / the value of ¢ subsequent to,
(=6 that 1z after, £=0. S0 yvou
Pz atrest at time & seconds. must pick the positive root
of the quadratic.

© Pearson Education Ltd 2C
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Exercise A, Question 10

Question:

A particle F moves in a straight line in such a way that, at time ¢ seconds, its velocity,
vm s, is given by
12¢-3°, 02125
Ve 375
T
When i =0, Pis at the point O
Calculate the displacement of F from O

=0

a when £=3,

b when é=6.

Solution:
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a For0=f=5

_ _ a2

57 fv = fﬂzé W) d This constant of integration is
= 6014 0. Even when it seems

WHER Fee =0 obwious that a constant has

0=0— g =0 this vglue, Fou .should.sh-:.:uw

sufficient working to justify
o the wvalue 0.
Ence
s=6t—f
When =5

s=6x5 -5 =25

The displacement of F from & when £ =512 25 m

b Fori=5 _ £ I
/ To integrate gy write it as
2 j" di = j_ 375 o —375¢™ and use the formula

375¢7 375 J‘ e B
- pe 1T Pt df= +.4.
= 1 +EB= . + 5 Sy
Froma, when : =5,5=25 = The end point in a iz the
starting point in b
25=?+B=§- F=25-75=-50
Hence
=315 _ s
i
When =6
315

5=T—50=12.5
The displacement of P from & when £ =6 15 125 m

© Pearson Education Ltd 2C
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Question:

A particle 15 mowving in a straight line Oz,

Attime ¢ seconds the acceleration of Fis @ m 5™ and the velocity vm s™ of P is

given by

v=2+8sin i,

where & 15 a constant.

The initial acceleration of P 1z 4 m s

-2

a Find the value of k.

Tsing the value of & found in a,

b find, in terms of , the walues of # inthe interval 0 </ <4w for which a =10,

¢ showthat 46 =64 —(v—2%

Solution:

a v = 248snit

dy

I Y

a = —==0tkcosk
di

When i =0,a=4

4=83c=}-§c=%

1

h a= 8)(3005—3 =dcos-i

2 2

When @ =10
1

1
cos—i=0=-—¢
2 2

Hence
F=T.3m

¢ fd—(p—2°

© Pearson Education Ltd 2C

s
5 P

For any constant i,

i (sinkg) =kcosiz .
ds

I Y

1
2

3w
2

64—[85&:115@,]2

The initial condition, that

o -1
the acceleration1s 4 m s,

gives an equation in &
which vou solve.

In all differentiation and
integration of trigonometric
functions, it 15 assumed that
angles are measured in radians.
cos@=0 when & 15 an odd

multiple of g .

T | 1
64— 64 5in’ L= 64[1_sin2 53]*‘— Tsing the identity

2l _1 1
&l cos 5; —4[400555

2 H
da®, as required

PhysicsAndMathsTutor.com
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Exercise A, Question 12

Question:

An atrcraft iz situated at rest at a point A on a runway X which is of length 1400 m.
Point 4 15 77 m from X The aireraft moves along the runway towards P with

acceleration (10 —%.ﬁ) m 52, where ¢ seconds i the time from the instant the aircraft
started to move.

a Find the speed of the aircraft when £ =46 and determine the distance travelled in
the first 6 seconds of the aircraft's motion,

£ iz the point such that A8 = % AY.
b Find the distance A2,

A safety regulation requires that the aircraft passes point B with a speed of 55m 57

of mote.
¢ Given that £ =T when the aircraft passes 5, form an equation for T

d  Show that T =105 satizfies the equation, and hence determine whether or not the
aircraft satisfies this safety regulation as it passes 8

Solution:

PhysicsAndMathsTutor.com
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- | 400} m -

4 A4 sketch iz useful to help vou

1 2 o Y sort out the various distances in
77m 3969m | this question
4
§ up fadz=f(10—§.ﬁ)dz
= 10¢ —%r? =B

TWhen f=0v=10
D=04+0+0=C=10

Hence

2
e e e
~ (I

When £=6 This 15 an exact answer and as
v=10><6—%>< 64=456 / g, of any similar approxitnation,
has not been used, the answer

4 . E -1 ]
The speed of the aircraft when ¢ =6 12 456 m s chould not be rounded.

s=fvd.ﬁ=f(10.ﬁ—%.ﬁg)d.ﬁ

e 3
=5 - £ 4D

In principle, the displacement could be

Tl snrps e measured from any point but it 15

sensible to measure the displacement

0=0—04 D= D=0 from the starting point, which 1z A

Hence

s Sl
=5 Ef, (2
“When =6

s=5x62—%x63=151_2

The distance trawvelled in the first 6 s of motion 1z 151.2 m.

PhysicsAndMathsTutor.com
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b A7 =(1400— 77 m=1323m
AB =%AY =396.9m

¢ Substituting £=3%.9 and =T into (2)

_epl_ 2w Thiz cubic equation weould be very
396.9 =357 ET / difficult to solve directly and the
27 _aT? 4 3059=0 gquestion enly asks you to show that

15 105 satisfies the equation. To do that,
o _ you substitute 7 =105 into the left
d Substtuting =105 mte the left hand side of the equation and show that
hand side of the answer in ¢ the calculation gives the value 0.
2x10.5 —5x10.5* +396.9

154 35 -551.254-3536.9

= 551.25—-551.25=0
T =105 zatizfies the equation in ¢, as required.

substituting T =105 into equation (1) in a

v=]lIII>-<1Cl.5—%>-<1[§l.52 =609= 55

The aircraft satizfies the safety condition

© Pearson Education Ltd 2C
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Exercise A, Question 13

Question:

A particle P mowes along the x-amis. Tt passes through the origin & at titne £ =10 with
speed 7m s inthe direction of x increasing.

Attime £ zeconds the acceleration of P in the direction of x increasing is

(20— 6m s,
a Show that the velocity vm 57 of P at time £ seconds is given by
v=T+20 — %"
b Show that w=0 when ¢ =7 and find the greatest speed of F in the interval
D=e=T7.

¢ Find the distance travelled by P in the interval 0=z=7

Solution:
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v o= fadz=f(20—6z}dz
= 20:—3% +4

When t=0v=7
T=0-0+4d=A4=7

Hence
v=T420¢ — %, as required.

v o= 7420x7-3x7
= 74140-147 =0, as required

For the greatest speed of P

d_v = g=20—6=10
R i

L o= fepSiy

1-.'-‘\Thnan.f=%

3 10 o (10F _ 4l
v=T+20x7 3><[§]2—40§

The greatest speed of F in the interval
0<t<Tisd0zms™"

c 5 = fvd:=f(?+2oz—3zﬂjd:
o e e
When i =0,s=10
0=0+0-F=5=0

Hence
s=Tt+10:2 43

When i =7
s=TxT+10x T =7 =196

A sketch of v against 2 is

¥, =

Thiz illustrate s that the greatest value of
the speed occurs at a maximum point.

Finding the distance travelled 1z not
straightforward if the particle turns
round. This happens when v=10.
However the sketch in b shows that P
does not turn round until £ =7, o the
distance travelled in this interval is
found by substituting £ =7 into the
equation for

The distance travelled by P in the interval 0=¢=7 12 196 m.

© Pearson Education Ltd 2C
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Exercise A, Question 14

Question:

A particle F moves along a straight line. Initially, P 15 at rest at a point & on the line.
At time ¢ seconds (where ¢ 2 0) the acceleration of P is proportional to (7 —£%) and

the displacement of 2 from O is & metres. When £ =3, the speed of Pis 6ms™.

a Show that
I 5 T
§= gl 42—
b Find the total distance that F mowes before returning to O

Solution:
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a = k(1—)=Tk—k

v = fa¢=fﬁk—h%¢+—
= 7h—§f+ﬂ

“When

t = 0,v=0
0 = 0-04+4=4=0

-

If gee (T"—.ﬁg) then @ = k(? —ig) , where
k 1z the constant of proportionality. You
will need to use the information that the
speed of Pis 6m s~ when :=3 to
evaluate k.

Hence

v=Th—%¢

When t=3v==6

6 = 2MU—9%k=12k=6=k=

v = Li-2f @

s = fvdz:f(%r—éf)du—
= IfA—_t'+5

When £=05=10

T2 1 4 422 1 4
ol st el

= 21—452(42—;‘,2}, as required

Substituting w=10 into (1)

Touwill need to integrate twice to
obtain & from a.

To find the total distance F moves, you
will need to find the point where P
reverses direction. That is where v=10

_ T, 13_21, 13 se—
0 = gt—gt'=St—zt
o 3
= Er.(21 .t)
Foré=0
jaLn) .

Substituting £ =21 into the result of a

_1 oo aa
s—ﬂ><21>-<{42—21]|—ﬁ—ﬁ

The total distance F moves before returning
441 -]

zxﬂ

to s
24

m=ﬁm.

© Pearson Education Ltd 2C
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i= wJ{ﬁ but it is the value of £ Fou
need to substitute into the expression for
& TTzing a decimal approximation for
would lose accuracy.

Fmovesto apoint % m from & and

then returns to & 2o the total distance
moved 15 twice this distance.

Page2 of 2



Heinemann Solutionbank: Mechanics 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 15

Question:
A particle P of mass 0.3 kg moves under the action of a single force F newtons, At
time £ seconds, the velocity vm s of P is given by
v =31+ (6t - D)j.
a Find the magnitude of F when ¢ =2

When i =0, Pis at the point A, The position vector of A with respectto a fized origin
iz (3J— 430 m . When i =4, F 1z at the point 5.

b Find the position vector of 5.

Solution:

bAeceleration, a = S=fi—4j
F - »:N

0.3(64 + 6)

Tou find F using Newton's Second
Law F =sa, so voubegin this

184418 gquestion by differentiating the
wvelocity to find the acceleration,

When £ =2

F 3618 -
|F[f = 36 +18° =162

|F| Ji63=40249..

The magnitude of the vector F, often
written as &, where F=x1+ 1,13

given by F* =|F|:*=x2 +3*

The magnitude of Fwhen £ =2 154.02 (2 dp.).

r = fvd.t=f(3£2i+(6.t—4)j)dz

= i3 —40j+A +— When you integrate vectors the
constant of integration is a vector.

When i=0r=31-4j
A-d=0i+0j+A=A=3-4

Hence

r={+3)i+(%* - 42 - 4)j

When £ =4
r=(4+3)i+(3x4 - 4x4-4)j =671+ 2

The position vector of B iz (67i+ 28] m .

© Pearson Education Ltd 2C
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Exercise A, Question 16

Question:

Eeterred to a fized origin &, the position vector of a particle P at time £ seconds 15
I metres, where

5
r=6t4+:%,62 0.

Atthe instant when £ =4, find
a the speed of P,

b the acceleration of P, giving your answer as a vector.

Solution:

K]
v=r =126+

3 1
When £=4 — | 47 = (43 =% =3

3
v o= 48i+2x47) = 48i +20]

v = 48 +20°=2704
|v| = /2704 =52

The speed of P when £=4 is 52m s,

_______________._.—-—-———" You need to know that a=v=r .
P

1 1
e X 5.3 ,3: — 1 15 3.
h a=vw 121+§><§z] 121—1-?3]

When £=4
1
a=12i +2x4%j =121+

The acceleration of P when =4 is (lZi-I—%j)m 5 R

© Pearson Education Ltd 2C
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Exercise A, Question 17

Question:

A particle P moves in a horizontal plane. At time £ seconds, the position vector of P is

r metres relative to a fized origin O where r iz given by

r = (18t — 43+,

where ¢ is a positive constant. When £=1.5, the speed of Pis 15m s, Find

a the value of ¢,

b the acceleration of P when £=1.5.

Solution:

v=F =(18- 1263 + 2c4j

“When £=1.5
v = [1B-12x15)i+ 3G =—% 43
IvP = =94 (3%)F =15 —]

92 = 152—92=144;*-.:3=$=16

Az e is positive, e =4

The speed of F iz the magnitude of
the velocity v. | v[* is both

(—9)* +(3c7* and the speed squared.

This gives ¥ou an equation in o

a=v=—246+ 2cj

Using p=sead, 6=1.5 /
a=—36i+8j

The acceleration of 7 when £=1.5 1=

Acceleration 1z a vector and the
answer should be given in vector
form.

(—36i+ 51 m s

© Pearson Education Ltd 2C
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Exercise A, Question 18

Question:

A particle P of mass 0.4 kg mowes under the action of a single force F newtons. At
time ¢ seconds, the velocity of P, vm s is given by

v = (66 + D1+ (2 + 3265

When ¢ =0, Fis at the point with position vector (—3 +47) m with respect to a fixed
origin &, When =4, Fiz at the point 5

a Calculate the magnitude of F when t =4,
b Calculate the distance OF

Solution:
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Heinemann Solutionbank: Mechanics 2

Acceleration, a=v=+{2i+3)) +——

Tou find F using MNewton's Second
Law F =ma, 20 youbegin this part
by differentiating the velocity to find
the acceleration.

When £ =4
a = 61417
F = »nnm

04061 +115) =241 +4.45
|IFf = 24 +44°=2512

IF| 2512 =5011...

o accuracy is specified in this
gquestion and any sensible accuracy is
acceptable,

The magnitude of Fi2 501 (2 dp.).

-
I

_I|".vd.f = _."..' (66 i+ (2 430 de

(36 +de )i+ |12+ i +A

When t=0r=-31+4j
i+ =01+0j+A = A=-31+4)

Hence

r =% +4:—3;.i+.1§:,3 +%;2+4.j

When £ =4

=
Il

61i+491

2
i = 512+|49%| =6154;:>-|1‘|=?3-452--- 2 !

i
£
Il

78.45m (2dp)

© Pearson Education Ltd 2C
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(35 42 +4><4—3}i+|;-><43+%x42+4|j

When you integrate vectors the
constant of integration is a vector,

The distance O 15 found

o

/ 40— m
S

using Pythagoras' Theorem.
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Exercise A, Question 19

Question:

Two particles F and () move in a plane so that at time £ seconds, where £ =0, F and O
have position vectors rp metres and r, metres respectively, relative to a fized origin

O where

(37 + i + (2t — i,

T
o Rt

Te
Find
a the velocity wvectors of F and O at time 2 seconds,
b the speed of P when £ =2,
¢ the value of £ at the instant when the patrticles are mowving parallel to one another,

d Zhow that the particles collide and find the posttion vector of their point of
collision.

Solution:
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a
vy, = rp=6i+2)
Vv, = Iy =it
* %((r+ﬁ)i)=1i=i
The welocity of P at time £ seconds is (66 +2)) m 5™ and
the velocity of (0 is (i+3im s™.
b When :=2
v, = ldi-+Zj
|1.rP|2 = 122+22=]48=}-V},=\|‘148=12.165...

The speed of Pwhen ¢=2 is 12.2m s (3 5.£).

¢ When F is moving parallel to

| When the particles are moving parallel to
9 3 1 gach other, the angle each malkes with i1z
6 = T=>.1852=2;\.52=§ the same.

1 If an=J';'i-l—;;{i,1:an€=E tnust be the satme
3 x
for both velocities.

d icomponents

344 = For the particles to collide, both the 1 and
33 _;_ o = j components of their posttion vectors
tnust be the same for the same value of £
i The appropriate method is to equate the
. icomponents and solve the resulting
L conzpon;;ts quadratic, and then do the same for the
Y =" j components. If one of the roots of the
2 2 euadratics 15 the same, then the particles
collide,

Multiplying by 2 and rearranging

3= +1=G-1(E-1)=0
1

£=1,2
£3

11z a common root of the equations and,
hence, P and (¢ collide at the point with

£=1 can be substituted inte either r,

position vector ?i+§j tmn s
7 ' or Iy to find the position vector of

the point where the particles collide.

© Pearson Education Ltd 2C
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Exercise A, Question 20

Question:

Eeferred to a fized origin &, the patrticle & has position vector r metres at time
£ seconds, where

r = {&sin @i+ 4 cos @)
and & iz a positive constant,

a Find r and hence show that

v = 2w 13+ 5cos 2a¢),

where vm 57 is the speed of R at time ¢ seconds.
b  Deduce that
dom=v=éw.

¢ Findr.

. i ) N
d Atthe instant when £ = PP find the angle between r and r, giving your answer
re

in degrees to one decimal place.

Solution:

PhysicsAndMathsTutor.com
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a
¥ = r={fwcoswi)i— (4w sin wi)]j
vio= | v[=36w cos® we + 160" sin® we
afl 1 2fl 1
= 3bw (j-l-jcos 2w£)+16w (j—jcos 2wr) *+— Tsing the double angle
= IR e Eet o 2802 Bl S Dug formulae cos 26 = 2cos*f—1
= SEod ElonhsE T and cos28=1—2sin"§.
= 2 {134 Scos 2wi), as required
b As —1=cosZoi =] “' EBoth the coz x and sin x hawe
26°(13-5) £ 20’ (13+5c0s2e¢) 20 (13+5) | the range —1<x<1. In this
1600 = v < 26 me case the limits of cos 2o
bev =0 limit the possible values of v
dexSv S 6o, as required and, hence, of v,
c
o= 2 ((6weos wh)i— (dwsin wi)j)
= —6w sin wh — 4w’ cos wh
d When =
]
= i ml: L - T -
5 [ﬁwms?]l [4“111?]] 3oi— 23] 7 Using cos%=% and
A _ i I - T - a T o= —. i e : i
r = —bw sin =1 dicr cos =] 35;"_3'.01 2] sin;—r=§.
v i
3 Viw? . ..-” 3w % | A diagram is essential here. Once
P \‘/-'IH A the diagram has been drawn, the
2’ = roblem reduces to basic
g — T ¥ P
" P 233@ | trigonometry. You find the angles
uzing the inverse tangent button on
vour calculator. The final angle
could be given in degrees or radians
{1.92%
gy = (238 g ugioe.s
] 3

1

o 2 e a

taty b

The angle between r and r iz

(180-49.106.. — 21501 =109.8 (1 dp.).
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Review Exercise
Exercise A, Question 21

Question:

Three particles of mass 3x2, 5w and A are placed at the points with coordinates
(4., (0,-3) and (4, 2) respectively.

The centre of mass of the three particles 1z at (2, k).
a Showthat A =2
b Calculate the value of k.

Solution:

The total mass i3

The moment of the total mass about
3+ Sm4 A= (84X any axis equals the sum of the
a MOy moments of the individual masses
about that axis. The distance of a
(B4 Arax 2= Imexcd -+ S x 04 Awax 4 PEICIE RO EIED R sisits
x-coordinate.
16+2A=12442=4=2A

b

Divide throughout by s, simplify
and remove the bracket.

b W(Ox)
(B4 Ak = B O+ S =34 A 2

W0k=—154+4=10k==11 F7—u_

Diwvide by me and simplify using
k=—11 P

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 22

Question:

Particles of mass 2Af, 20 and v are placed at points whose coordinates are (2, 5,
{1, 3y and (3, 1) respectively. Given that the centre of mass of the three particles 15 at
the point (2, 4, find the values of x and .

Solution:

The total mass 13

M4 aM +yM =02+ x+y1M

The moment of the total mass
about any axis equals the sum

M{Ch) of the moments of'the

(2+x+ M 2= 2M %2+ xM 31+ pM %3 individual masszes about that

442z 42y=44x+3y axig. The distance of a particle
_ from the y-asis s its

x—y=10 )]

x-coordinate.

M(Ox) Divide by M, simplify and
collect together like termes to
(@4 x4+ )M x4 = 2M x5+ xM %3+ yM x1 give the first of two
simultaneous eguations.
d+dx+4y=10+3x+»
x+3y=2 () - This 15 the second of the
(23— simultaneous equations. You can
o _#1 solve the simultanecus equations
WS Ay 7l using any correct method
From (1)
1

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 23

Question:

Three particles of mass 0.1 kg, 0.2 kg and 0.3 kg are placed at the points with position
vectors (2—Jim, 21+ 350 m and (M +2))m respectively. Find the position wector of

the centre of mass of the particles.

Solution:

0.3 kg

Thiz diagratmn illustrates the
positions of the particles with
respect to Cartesian axes. Tou take
moments about the v-axiz and the
x-ams to find the x- and
y-coordinates, respectively, of the
centre of mass of the system of
patticles.

Let the position vector of the centre of mass

ER |

ke (F+3)m . -+
The total mass is

(0.14+0.2+0 3)kg = 0.6 kg

T and ¥ are the standard

centre of tmass.

symbols For the coordinates of a

D6x = 01x2402%2403x4=18 *—— The x-coordinates are the

distances of the points from the
Y-amis,

06}_3 = NIx—14+02x54+03x2=104—— They-coordinategarethe

MICh)
sy 18
T = E_B
MO
o o TG
¥y = E—E.ﬁ

distances of the points from the
X-EH1E.

The position vector of the centre of mass iz (542570 m .

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 24

Question:

Three patticles of tmass 20, M and XM, where I is a constant, are placed at points
with position vectors 61 tm, 4 mand (21— 270 m respectively. The centre of mass of

the three particles has position vector (31 +c)) m , where ¢ 15 a constant.

a Show that £=73.

b  Hence find the value of ¢

Solution:

The total mass is
M+ MAEM =0CE+0M

a M(Cy)
(34+E)M x3=2M %6+ M =0+ kM %2
843 =1242k "

k=173, as required
b LIOx)

BHOMxe=2Mx04+M 4+ M -2
Taingk = 3

6o = 4—6=-2

c = -

© Pearson Education Ltd 2C
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The moment of the mass of a
patticle about an axiz is the mass
multiplied by the perpendicular
distance from the particle to the
axiz. The particle of mass M has
position vector 4 m and so lies
on O, So its moment about Oy s
ZETO,

Diwvide by M and use the result
to a.
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Review Exercise
Exercise A, Question 25

Question:

1 20 cm = BB
g A

X 10 cm

- 0 Cm—»

D C

The figure shows a metal plate that 15 made by removing a circle of centre O and
radiuz 3 cm from a uniform rectangular lamina A 80D, where A8 =20cm and

BT =10¢ctn . The point & iz 5 cm from both AR and C0 and i & cm from AD.

a Calculate, to 3 significant figures, the distance of the centre of mass of the plate
from Al

The plate 1s freely suspended from A and hangs in equilibrium.

b Calculate, to the nearest degree, the angle between A8 and the vertical

Solution:

PhysicsAndMathsTutor.com
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The area of the lamina iz 20% 10 =200 cm? .
The area of the circle is wx 3 = 9T cm?.

The area of the plate is (200—97) cm?® .
Let the distance of the centre of mass of the

late from A8 be ¥ cm
o T AL the lamina 1s
Lamina Circle Plate / umform, mEISSES are
Ifass ratios 200 o 200 — 911 proportional to
Distances 10 & = arcas.

'\“""\_\\

By symmetry, the centre of mass of the
rectangular lamina 1z 10 cm from A5 and

MALN the centre of mass of the circle 12 & cm
from AL
200100 = Bmxe4(200-9mix X
= _ 2000-54w
i T oon—o9r =10.658... The moment of the total mazz (in this

case the rectangle) about AD equals
the sum of the moments of the circle
The distance of the centre of massz of the and the plate about A1)

plate from A8 12 107 cm (3 2.£).

b  Let the angle between A5 and the vertical be o

-, When the plate 15 suspended
— freely from A, itz centre of mass
F 15 vertically below the point of
D ( —_— ¥, suspension . The distance of &
/ \\ xcem from AD was found in a and the
\ ' / \ distance of &F from A8 is S em by

syminetry. You calculate o using

\\ \ \ trigonometry.

Vertical \ B

\
C
Y
e S, Y
tah e = == 04691
a = 2513..°

The angle between A8 and the wertical 15 227 (nearest degree).

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 26

Question:

A triangular frame ABT 15 made by bending a piece of wire of length 24 cm, so that
A8, BC and AC are of lengths 6 cm, 8 cm and 10 cm respectively. Given that the wire
15 uniferm, find the distance of the centre of mass of the frame from

a AL,

b BC

The frame 15 suspended from the corner 4 and hangs in equilibrium.

¢ Find, to the nearest degree, the acute angle made by A5 with the downward

vertical

Solution:

PhysicsAndMathsTutor.com
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‘ ,,‘\\

10 ¢m

Hem ® \
v [ &
B C
-+ Al -

Let the centre of mass & of the frameworl:

When there 1s no diagram, it is a
good idea to sketch one. You are
expected to recognise that a triangle
with sides in the ratio of 2. 4 5 has
aright angle.

Az the wire 15 uniform, each side has
a mass propottional to its length and
the centre of massz of each side 1z at
the middle of the side.

Ttiz a common etror to confuse a
triangular frame with a zolid triangle.
A triangular frame consists of three
straight line sections, each of which

ke (Z.7). _ :
(x.7) 15 considered separately.
+— Displaying the masses and
Frameworle | AR | BC | AC coordinates in a table helps you to
hdass ratios 24 é 4 10 form correct equations.
Diztances (x) x 0 4 4
R Ancee O 2 5 g 3 e The centre of mass of each
side iz atthe middle of the
2 M(4E) side.
4% = bx048xd4410x4="72
A
E i o =3
b M(BC) R 2
24y = 6x34+8x0410x3=48 R
s = ®B_, /<T
> E B ..
@ %
¢ Let the acute angle made by A5 with <l \
the dewnward vertical be o \\\
e Y
Vertical - \\\
T 3 3 4
B = B 50 ' c
. 4 When the frame hangs freely from
@ = 37 (nearest degree). A, itz centre of mass & iz vertically
below A

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 27

Question:

Three uniform rods A8, BC and CA of mass 2r, e and 3 respectively have lengths

{, land .WE respectively. The rods are rigidly joined to form a right-angled triangular
framework.

a Calculate, in terms of J, the distance of the centre of mass of the frameworl ffrom
i BC,
o A5

b Calculate the angle, to the nearest degree, that 5C makes with the wertical when
the framework iz freely suspended from the point 5.

Solution:

PhysicsAndMathsTutor.com
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Vertical

a The total mass 15

2+t S = tem

As PP =2 the angle at B
1z aright angle.

Az each rod 15 uniform, the centre
of mass of each rod iz at its
mid-point. Yeou can think of this as
replacing each rod by a particle of
the appropriate mass at the
mid-point of the rod.

+— A table displays the

masses and coordinates
i a concise form and
helps you form correct
equaticns.

The moment of the total mass
about any aziz equals the sum of
the moments of the individual
masses about that axis.

Total | AR BC oA
Idass G 2 m S
Distances | © i 0 i
(x) 2 2
Distances | ¥ 0 ! i
) 2 2
Let the centre of mass & of the framework be {(F, 7).
1 WIAE
! ! Sl
bmxx = Z2mx—Tdme043mx—="—0
M T e i m e s 5
i omd O
x — ———
12m 12
ii WIECh
Gmxy = 2m><0+m><%+3m><%=2m€
_ Zmd
& G 3

b Let the angle that 50 malkes with the vertical be of.

z 373
12
a = 39° (nearest degree).

© Pearson Education Ltd 2C
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“When the framework hangs freely
from A, its centre of mass & i3
vertically below A,

The wertical line has been drawn
in the diagram.
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Review Exercise
Exercise A, Question 28

Question:

4 ¢m 2 r

A= 4 em » D

A thin uniform wire of total length 20 cm, 15 bent to form a frame. The frame iz in the
shape of a trapemium ABC D, where AR =AD=4cm, CD=5cm and A5 13

perpendicular to B0 and AD, as shown in the figure,
a Find the distance of the centre of mass of the frame from A5,

The frame has mass M A particle of mass kM i attached to the frame at O When the
frame is freely suspended from the midpoint of BT, the frame hangs in equilibrium
with 5 horizontal

b Find the walue of k.

Solution:

PhysicsAndMathsTutor.com
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B (7 '\ pcm

4¢em ¥4

L 1

-— dm —

a Let Nbe the foot of the perpendicular
from Do B0 and MO =pom .

By Pythagoras' Theorem
pi=5 -4 == p=73
Hence BO=BN+NT=(E+ cm="7cm

The total length of the frame 1z
4+7+5+4) cm=20cm

Let the distance of the centre of mass of the

frame from A5 be T cm A the wire 12 uniform, each
section of the wire has a
Total | AS B oo | nd tnass propottional to its
Mass length. As the ratios of the
ratios 20 2 7 2 4 lengths are 4 .7 5 1 4, the
Distances | * 0 | 35| 55| 2 ff;szfgtﬁ S are also
M{AZ) \ The distance of the centre of mass of 002

tfrom AL 1z

20 = 4x04T7=3545x5544x2=40 BN + %NU S RS

__ én_

r = E_B

b
i

= 35cm —we—35cm— The whole weight of the framewortk
; . | C acts at the centre of mass 7. There

— | T 1z also a force acting upwards at the

- mid-point, say T, of BC, but, when
LT won youtake moments about T, this
force has zero moment about 77
kMg
T
\ [
! Mg
Let The the mid-point of 5O WIT)
o +— The perpendicular distance
Mg(35-7%) = k Mgx35 from Tto the line of action
30—3 = 353k of the weight of the
PR framework is
3507 35-%=05%cm.

PhysicsAndMathsTutor.com
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Review Exercise
Exercise A, Question 29

Question:
{ Bea B
G
Gt . Xoes da '
E D

The figure shows a uniform lamina ARCDE such that AFDE 15 a rectangle,
BO=00D AB=8a and AF =6a The point X 15 the mid-point of 50 and AT =4a.

The centre of mass of the lamina 15 at 3.
a Show that GX = %cx )

The mass of the lamina is M A particle of mass AM is attached to the lamina at
The lamina 15 suspended from £ and hangs freely under gravity with A5 horizontal

b Find the walue of A,

Solution:

PhysicsAndMathsTutor.com
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8a Bt
B
" \"\\ "
(s f‘f ‘i:(:
,'/J
b AMg
)

Mg

a The area of rectangle ABDE is 6a X 8a = 48a°
The area of ABCD is 5 6ax4a =124

The area of lamina ABCDE is 482 +124* = 60a°

‘7 Toubreak the lamina up
inte two parts. The

rectangle ASDE, with
dimensions Ba ¥ 6a , and

ey ated height dea.

the triangle BCD, with base

4+— The centre of mass of the

triangle 1z ;—}z = %x-ﬂla
from the base B0 of the
triangle.

the rectangle is on one
side of X here talcen as
positive, and the triangle
15 on the other side of X,
here taken as negative.

Taking moments about &,

Lamina | Eectangle | Triangle
o 6027 4843 1247
ratios
Dhisplace- 5
ments X A —5a
from X
LAY
602 x X = 48a2><4a+12c12><[—%a]
= 1922° — 164" =1764°
3
OF = % %a, as required
b With the particle at O
ML
MexGX = Mfgxda =
44 s
ngﬁ = Mfgxid
_ M
15=4 15

© Pearson Education Ltd 2C
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There 15 a vertical force at
Hbut, as the line of action
of thiz force passes
through X, its moment
about X iz zero.
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Review Exercise
Exercise A, Question 30

Question:

& uniform square plate A8C0 has mass 100 and the length of a side of the plate is
2F Particles of mass M, 20, 30 and 408 are attached at 4, 5, O and D respectively.
Calculate, in terms of J, the distance of the centre of mass ofthe loaded plate from

a Af,

b BT

The loaded plate 1z freely suspended from the wertex 2 and hangs in equilibrium.
¢ Calculate, to the nearest degree, the angle made by 24 with the downward

vertical

Solution:

PhysicsAndMathsTutor.com
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Me The angle required in ¢ i3
matked o in the diagram.
D It has been brought into a
right angled triangle, in
which you can use
trigonometry, using
alternate (2 angles.

Vertical

Me
B

The total mass 15
M+2M 430 +40M +100 =200
Let the distance ofthe centre of mass, & say,

of the loaded plate from A8 and BC be
¥ ciand ¥ o respectively,

Total Plate A |l C| D
— :
Mass | 208 | 100 | 3| 2| 30| 41 sitabil erdisplagsithe

Dietaiees masses atd coordinates in
() x ! oo |2 2 aconcise form and helps

vou form correct

¥y ! 20 0 2 equations.

Dustances

49
a M(4B)

20M =X 10M i 4+ 3M = 21+ 40 21 = 2404
2401 &

20 5

Fre=

B
=
=
=

=

I

10M i+ M o2l + A0 = 20 = 200

e 7T, j

¢ Let the angle made b.y DA with the Wheh e e b
downward vertical be of. :
_ freely from D), itz centre of mass
2—y Ui .. 5 . .
tney = ——=——g=F=1 i 13 vertically below 2.
A —= 4 The wertical line has been
drawn in the diagram.

o = 51 inearest degree’).

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 31

Question:
A= 3a B
A h
2a
L e H
D (a—g—>F

A uniform lamina ASCD 15 made by taking a uniform sheet of metal in the form of a
rectangle ABED, with AF =32 and AD = 2a, and removing the triangle 5CF, where
Clies on DF and CF =a |, as shown in the figure.

a Find the distance of the centre of mass of the lamina from A5

The lamina has mass M. A particle of mass #2 15 attached to the lamina at 5 When the
loaded lamina 1z freely suspended from the midpoint of A5, it hangs in equilibrium
with A8 horizontal.

b Find w2 in terms of A

Solution:

PhysicsAndMathsTutor.com
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l Mg B
71
e - //
D Y ( - a "'E ,/((,{’.'f/’ :
a The area of rectangle ABCD is 3a ¥ 2a = 6a’ . i . '
] 1 o If F 15 the centre of mass
The area of triangle 8CF is F@X Za=a’. of the triangle and ¥ is the
The area of lamina ABCD is fa” —a” =5a* mid—pOIInt of BE then
Beiieid
Let the distance of the centre of mass of the Using similar triangles,
lamina, say &, from ADbe ¥ cm. CY s B e
= se =y andtas
A gmr 1
. Eectangle | Lamina | Triangle CE=a XE L. B R,
Ifass ratio S’ S’ a2 1 3
Distances %a x ;a - 5 foniigEang
TR
M(AD) [Eﬂ_g“]_g‘z from 4750
6a2x%a = 5a2><f+a2><8§a
9 ERE I S L
ST = Sa F¢ =oa \
_ 10 The moement of the
4w e complete rectangle about
Alvis the sum of the
h Let Wbe the mid-point of AS moments of the lamina
(AT and the triangle which has
3 N — 3 keen remowed from the
Mg(fa x) B m’g/xja rectangle.
2 15 ] . .
: e 7 There 1z a wvertical force at
Zm= [E‘E]M = oM NEa e
5 7 7 lamina in equilibrium but
M= gXﬁM = % M this has no moment about
M

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 32

Question:
A < ® Com
2a
f'f - @ D(2m)
1 o 1 >

The figure shows four uniform rods joined to form a rectangular framework ARC D),

where AF=C0D=2a and B0 = AD =34 . Each rod has mass s Particles of mass
Be and 2w are attached to the frameworlt at points O and 2 respectively.

a Find the distance of the centre of mass of the loaded frameworlk from
i AR
i Al
The loaded frameworl iz freely suspended from B and hangs in equilibrium,

b Find the angle which 8C malkes with the vertical

Solution:

PhysicsAndMathsTutor.com
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- ® " (Him)

=
il o —— H i
da-v- I “@ "“—E—-__ = Ventical

=1

\ (] i
A ‘e

a The total mass 13
mtmtatm 4 2wt b= 12m
Let the distance of the centre of mass of the
loaded frameworl, say &, from A8 and AD

ke ¥ and ¥ respectively.

The angle required in b 15
marked o in the diagram.
It has been brought into a
right angled triangle, in
which vou can use
trigonometry, using
alternate (Z) angles,

It is a common error to
confuse a rectangular
frame with a solid
rectangle.

Page2 of 3

Eods Particles - _ £
A A £ Irame consists o
A ™ 1 four straight sections,
Total | A8 [ BC |CD| DA | O | D esoh o srhick s
Masses 12m i) | m I B considered separately.
Distances = 3 3
= x 0 54 3a 54 3a | 3a
Distances =
¥ e P c 0 Za | 0O
)

s There 15 a lot of information in this
gquestion and summarising it in a table
helps wou both to check that you have not
overlooked anything and to obtain correct
moments equations.

i LI AE
12mxx = mx%a+mx3a+mx%a+6mx3a + 21 Ba = 30ma
__ 30maz s
120 2

PhysicsAndMathsTutor.com
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i MAL
12y = m¥atmlatmEa+omy 2o =10ma
__ lbmm 4 When the loaded
Yo oran 3% framework hangs freely

from B, its centre of mass

h  Let o bethe angle 5C makes with the vertical +——] G iz vertically below 8
The downward vertical

has been drawn in the
diagratm.

g — / It 15 a good idea to write down an
tanece = 24 expression for the angle in terms of

i T and ¥ and notto imme diately vse
Ecx—;a 2 7 4 the expressions obtained in a in terms
B w g, TPt of @ Everyone makes mistakes from
Fd time to time and writing the
o =15 (nearest degree) expression waing the general terms ¥

and ¥ makes your method clear.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 33

Question:
Y« d—» B
n
3d
4
A
d
v v
(q 2d =X

The figure shows a uniform L-shaped lamina with OX = 24,07 =34 and
OX =F8=d  The angles at &, 4, B, X and ¥ are all right angles,

Find, in terms of &, the distance of the centre of mass of the lamina

a from OX,
b from &OF
The lamina 1z suspended from the point Fand hangs freely in equilibrium
¢ Find, to the nearest degree, the angle that & F makes with the vertical

Solution:
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Tou divide the L-shaped lamina into
patts, each with a known centre of
mass. This can be done in different
ways. Here the lamina has been
divided up into a rectangle QX EP of
dimenszions 3d ¥d and a square

AXPO of side d.

i -—
¥ B
i1
\
A
ay
= L1
“ "\_
"'.I\u'l.‘l'l cal
l".
Y
W7
=N
T :"'._' L4 A
R '
! [ |
P .
o " X
2d

The area of rectangle CXBP is 3d X d =347 .
The area of square AXOF is d X d =d* .
The area of the L-shaped lamina is 3d° +d* = 4d°.

Let the distances of the centre of mass of the
lamina, say &, from OX and OYbe ¥ and ¥

respectively.
Lamina | OFBF | AXF{
heas ad? | 34t 4*
ratios
Distances e 1 3
() x 5 d 3 Pl
Dhstances = 3 1
) ¥ = d 5 d

4+— s the lamina 15 uniform, the

masses of the lamina, rectangle
and square are proportional to
thei areas. ¥ou could “cancel’

the @* here and justuse 4 : 3 : 1.
This would shorten the working a
little.

The distance of the centre of mass
a M(OX)/ from OX 15 ¥.net X.

4%y = 3d*xid+d*x2d =54

S5
yi = mEE —irae
4 44* 4
b M{OH
4d°x% = 3dxod+d x3d =34
_ 3d° 3
¢ Let @ bethe angle & F makes with the vertical <+— When the L-shaped
lamina hangs freely
P, X am %ff _ 3){ 4 3 from é @ts cen.trelf-f
= ——— L mass F 15 vertically
i e R below ¥
a = 2% (nearest degree) The wertical has been
drawen in the diagram.
The arrow 15 pointing
downwards.

© Pearson Education
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Review Exercise
Exercise A, Question 34

Question:

The figure shows a decoration which is made by cutting 2 circular discs from a sheet
of uniform card. The discs are joined so that they touch at a point 2 on the
circutnference of both dizce. The disce are coplanar and have centres 4 and B with

radii 10 cm and 20 cim respectively.
a Find the distance of the centre of mass of the decoration from 5.

The point & lies on the circumference of the smaller disc and £ CAE 1z aright angle.
The decoration is freely suspended from O and hangs in equilibrium.

b Find, in degrees to one decimal place, the angle between A8 and the vertical

Solution:
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_.f'/ ..\‘-..
(l l :,1 \
N 0
B
P i ;
(x
.r'// : ] \\\
. i (s ‘\ 20} "-_I
f T I\ \
| 0
B\ Vertical |
N, - 4
£ A

a The area of the smaller circle is w10* = 1007 cm? .
The area of the larger circle is w20% = 400w cm?.

The area of the decoration iz 1007 +4007 =500 cm*

Let the distance of the centre of mass,
say &, from Bbe ¥ om.

Az the card 15 uniform, the
. Small Large masses of the decoration
Decoration : : :
circle circle and circles are
Ifass proportional to their areas.
ratios 00 1007 #0077 [re———y Tou could simplify the
Distances ratio 5007 1008 : 400w
from x 30 0 to 5014 and this would
Bicm) o sitnplify vour working,
The centre of the
M(B) larger circle is at &,

S00mxx = 100w 30 +400wx0
3000
5005

The distance of the centre of mass of the
decoration from & 15 6 cm.

b Let the angle between A8 and the vertical be o,

AC = 10cm
AT = (104+20—8Y cm = 24 cm

o s *_'___'_._,,_,_._._———-'— When the decoration is freely suspended
tanxy = —=—=

4 12 from ) its centre of mass & 15 vertically
o = 226 (1dp) below C.

The wertical has been drawn in the
diagram with the arrow pointing directly
down. You use the result of a and
trigonometry in the right angled triangle
AT to complete the question.

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 35

Question:

10 cm

¥
D« 10 cm a8

A uniform lamina L iz formed by taking a uniform square sheet of material ASCD of

side 10 cm and removing a semicircle with diameter A5 from the square, as shown in

the figure.

a Find, in cm to 2 decimal places, the distance ofthe centre of mass of the lamina
from the midpoint of A5

: e : : : ' e
[The centre of mass of a uniform semicircular lamina, radius e, 15 at a distance o
T

from the centre of the bounding diameter ]
The lamina iz freely suspended from 2 and hangs atrest.
b  Find, in degrees to one decimal place, the angle between CL) and the vertical

Solution:

PhysicsAndMathsTutor.com
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:| M B
i i | -~
i /d/
. . "f/‘ Vertical
[0 cm '/i’f
L
.-ﬂ”/JE(U
' PaCl .
'] N O
- 10} ¢m -
a The area of the semi-circle s %ﬂ:x 5= %K cm? .

The area of the square is 10%10=100cm?.

The area of L 1= (100—22—5)?1: cm?

The area radius of'the semi-

circle is %m,:; with r=25.

Let Mbe the mid-point of A8 and M the mid-point of 2C

Let & be the centre of mass of £ and MZF=F cm

The question gives the

EXprEssion 3‘_;; for the centre

of mass of semi-circle and
a=5.

Semi-
Sipase circle L
Mazs 25 25
ratios 100 T 1UU—TK
Distances
from M 5] E T
(o) 3m
M (M)
_ 5, 135 2k
100x5 = T,{xﬂ—l—(mﬂ Tn)x
o5 0%, 250
(mo—Tn)x = 500- %2
500—@
5:7253 = 6.860958. .
100—?11:

The distance of the centre of mass of £ from

the mid-point of AR 12 6 86 cm (2 dp ).

b Let the angle between &0 and the vertical be o

OGN = (10—%)cm, DAWN="5cm
TN 10—6.860
g
e = 321 (ldp)

tanx = =0.6278._.

© Pearson Education Ltd 2C
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The question, by asking for
2 decimal places, implies
there are no neat answers to
this question and you must
use your calculator to find
the answers.

When £ 15 suspended freely
from D, the centre of mass
f hangs wertically below 2
The downward wertical is
drawn in the diagram.

Page2 of 2



Heinemann Solutionbank: Mechanics 2 Pagel of 3

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 36

Question:

A uniform lamina ASCID 15 1n the form of a trapezium in which AF= Al =«
O =2a and £ BAD = Z4ADC =808
a Find the distance of the centre of mass of the lamina from A5 and from A8

The lamina stands with the edge A5 on a plane inclined at an angle o to the
horizontal with A higher than £ The lamina is in a vertical plane through a line of
areatest slope of the plane.

b Given that the lamina 1z on the point of owverturning about 5, find the value of
tar & .

Solution:

PhysicsAndMathsTutor.com
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2a

[

£

/ C
3 a J‘

]
I
|
A i i

When there 15 no diagratm in
the question, sketch the
diagram vourself. This makes
the layout of the question
clearer.

a Let the perpendicular from C'to A8
produced meet AR produced at £

The area of rectangle ARCD =2axa = 2a*.

Page2 of 3

This solution treats the lamina as

The area of triangle BEC =Llaxa=1a®. if it was made from a uniform
2 2 rectangle, of dimensions @ by 2a,
The area of the lamina = 2(2:2—%@2 = %az. by remeving the right angled

Let the distance of the centre of mass of the
lamina, say &, from AD and A8 be ¥ and ¥

triangle BEC. There are other
equally valid alternatives,

respectively.
Eectangle | Triangle | Latina
: 1 3
Idass ratios Da’ 3 3 jﬂj
Distances 5 i
a T4 x N _
: () = iz 7% from CF and so 1t
Distances ; : | 5
) g = ¥ iz 2a—§a=§a from AD
L (ALY
a R Bzas B
2atwa = 5a x§a+ja ® X
3. D308 M B.dae, o tab SRERE U S
2a7 = z4 +jax:>-jax—2a zad =za
X = i ® . &= & c
AT
WAL
2.1 _ 1 a1 K
e Xz = ma x§a+ja WV
35w T 3Ned e B S T S 3
a = za —i-ja y=>-ja y=da —od =za
— oy BB
y = zxza —Ea
h
,-"‘-‘--"--"'
g
e .
.-f"'-j G " \ ___a--""—.f i i
< ¥ Ej-,«" When the lamina 15 on the
s :,H“;' ' point of overturning about &,
—~|B + the centre of mass & of the
x,.{": a-x lamina 15 vertically abowe 5
X9 2
tan ce= =§—=§
¥ 7%

PhysicsAndMathsTutor.com
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 37

Question:

A thin uniform rectangular metal plate ABCD of maszs M rests on arough plane
inclined at an angle o to the horizontal. The plate lies in a vertical plane containing a
line of greatest slope of the inclined plane, with the edge C'70 in contact with the plane
and O further up the plane than 2, as shown in the figure. The lengths of A8 and 5C

are 10 cm and 30 cm respectively. The plane 15 sufficiently rough to prevent the plate
from slipping.

a Find, to the nearest degree, the greatest value which of can have if the plate does
not topple.

A small stud of mass # 15 fized to the plate at the point O

b  Given that tan = % find, in terms of A the smallest value of # which wall

enable the plate to stay in equilibrium without toppling.

Solution:

PhysicsAndMathsTutor.com
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The greatest value which o can take without
toppling about 2 corresponds to the situation
where the centre of plate, here labelled & 12
vertically above L) As drawn here, if & was to
the left of 2, the weight of the plate would
hawve an anticlockwise moment about 2 and the
plate would rotate about D,

a
0em . g
.'1 :-.:,.-"". : -'-_I". e
Y
Y : 4 3 cm
0, \
‘ —{; 15 c;'n ~
I._I... l.'-.. (' i -
\-'-_ -~ J-
“-'"‘1 cm
o
- 3l II| Eﬁ'
tan e = > =1 4
s 3
o = 18 (nearest degree)

The point & 15 5 cm from Al and
15 cm from C'0

The greatest wvalue o can have if the plate

dees not topple 8 18" (nearest degree).

n

10 cm _.~,
cm_,

The greatest value of of occurs
when the centre of mass, say &,
of the plate combined with the
stud iz vertically abowve 12 The
first step in this part must,
therefore, be finding the
position of (7.

Let the centre of mass, say &, of the plate
and stud combined be ¥ cm and ¥ om from

A and DT respectively.
Tatal Flate | Stud
Ifass M+m A M
Distances = 5 10
(x)
Distances =
¥ 15 0
0]

PhysicsAndMathsTutor.com

Page2 of 3




Heinemann Solutionbank: Mechanics 2

WALy
(M+m)x=Mx5+mx10
f_5M’-|—10m
M+
LI DO
(M +m)y=Mx13
__ 15M
- M+
iven that tana=%
tana=é=%;‘- 2X=¥
by

205M +10m) _ 15M
M M

150

1

10M+20m=15M=>-20m=5M=>-m=3M

The smallest value of # which will enable
the plate to stay in equilibrium  without

toppling 13 %M ;

© Pearson Education Ltd 2C
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10 cm ?,f--“\\H
s \
A \
'\:I '\:I
y : \
YV = G A\30cm
v\ X il \
\ \:_____,--"’ [ \\.\
\ s =m Y
'-_" rf; .1'. "".
I‘-".". l l‘-l' \-I‘"-_ ( : _.-_-'"'—-..;
) L
s
\ =
DN~
.—d\"'-’

% a

When the system 15 on the point of
toppling about 1, the centre of mass of
the plate and stud combined, &, s
vertically above O

The diagratn above illustrates that

tan e =2 and, as you are given that
F
1

tan e = =, you can form an equation

7
relating # and A

Page3 of 3
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Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 38

Question:

m 24 ¢m
A !/u 2

The figure shows a temnplate Tmade by removing a circular dise, of centre X and

radiuz & cin, from a uniform circular lamina, of centre © and radius 24 cm. The point
A lies onthe diameter AO8 of the lamina and AX =16 cm . The centre of mass of T

lies at the point &,
a Find AZ

The template T iz free to rotate about a smooth fizxed horizontal axis, perpendicular to

the plane of 7, which passes through the midpoint of Q8. A small stud of mass %m 1z

fized at &, and T and the stud are in equilibrium with AZ horizontal

b Modelling the stud as a patticle, find the mass of Tin terms of

Solution:

PhysicsAndMathsTutor.com
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o
—

G | 12¢em

l B
24 ¢cm —T '

-me

a Let AG=TFcm.

The area of the larger circle is X 24% = 576w cm®.

The area of the smallest circle iz TX 5% = 64w om?

The area of Tis 576m — 64w =64 cm .
AV =24 -Ecm=16cm

h

© Pearson Education Ltd 2C

/

The large circle iz uniform so
the masses of the large circle,
stnall circle and T are
proportional to their areas.

3

Larger Smaller
: : T
circle circle
Mass 5767 s 5127
ratios
Distance o4 16 =
{om)
M A)

5765 x24= 64 x164+ 5124 x %

_ SMEwZ2d—edx16
xi= =z
51z

AF=25cm

The tnass ratios

STEm 64w 312w can be
sitnplified to 90 1 8 and
using these reduced ratios
would ease the worliing,

Let O be the mid-point of Q8 and the mass of The A
BC=12cm,0G=11lcm

M (C)
Mgx11

1M =

1
EmgxlE

/

3m;‘-M=%m

The mass of T1s Em

11

PhysicsAndMathsTutor.com

There 15 a force acting
vertically upwards on T at O
but, when moments are taken
about ), this has zero
moment.
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Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 39

Question:

VA

Al 4m
n
4

B

I 1 -

(1™ 0 e 01X
4
¥

Cl2m

The figure shows a triangular lamina AST. The coordinates of A, 5 and & are (0, 4),
(9, M and (0,—4) respectively. Particles of mass 4e, G and 2 are attached at A, 5

and ' respectively,

a Calculate the coordinates of the centre of mass of the three particles, without the
laming,

The latmina A5 1z uniform and of mass bz, The centre of mass of the combined
system consisting of the three particles and the lamina has coordinates (4,43

b Show that b=46.
¢ Calculate the value of A.
The combined system 15 freely suspended from & and hangs at rest

d Calculate, in degrees to one decimal place, the angle between AC and the vertical

Solution:

PhysicsAndMathsTutor.com
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lee _———T 4
Ny e (i _f:- — B

-
=M

a Let the centre of mass of the three particles,
without the lamina, be (X, 7).
The total mass of the three particles iz
A+ b+ 2re = 12m

TR Vertical L

- 6

Taotal A £ i
Ifass 122 LIEEH G2 2
Distances = 0 g 0
(%)
Distances —
¥ 4 0
o) =
M (Ch)
12mex = Gmx?
— _ 5dm 9
Tm T3
(0
12mey = dmed42mx(—4) =8m
o B e 3
Y mm T3

The centre of mass of the three particles,

without the lamina, has coordinates [; %]

b The centre of mass of the lamina 15 {3, 0}
Let the centre of mass of the combined
system of the lamina and the three particles
be at the point &

The total mass of the system iz

120+ dom = (12+ E)em

PhysicsAndMathsTutor.com

Tou must tale into account
the signs of the coordinates,

The question gives youthat

the coordinates of & are

@,%).
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Altheugh you could start
again, considering the three
particles separately, it iz

Combined | Particles )
Lamina
system
Mass (12+k)m 122 lerm
Distances 0
& 4 5 3
Dustances 2 2 0
(v 3
M ()

e 9
(124 g x4 =12 x T+ pf %3
48+ 4k =544 3k

k=16, as required

(12+ KX A = 120% 2 + bomx 0

¢ MO
Tsing b=6
181 = &8
de By
A = =

d Let the angle between AC and the vertical be o,

4
T

ot et 58

A

=837 (1dp)

© Pearson Education Ltd 2C
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e

sensible to use the result
from a for the centre of mass
of the three particles.

When the particle iz freely
suspended from O, the centre
of mass of the combined
system OF hangs vertically
below O
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Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 40

Question:
A o B
4 m . . Wil
2a
= 2m
D Sa O

A loaded plate £ iz modelled az a uniform rectangular lamina ABCD and three
patticles. The sides CD and A0 of the lamina have length Sa and 2a respectively and
the mass of the lamina 1z 3. The three particles have mass den, # and 2me and are
attached at the points A, 5 and O respectively, as shown in the figure.

a Show that the distance of the centre of mass of £ from A0 15 2. 254
b Find the distance of the centre of mass of L from A5

The point & iz the midpoint of AE The loaded plate L iz freely suspended from & and
hangs at rest under gravity.

¢ Find, to the nearest degree, the size of the angle that A5 malces with the
horizontal

A horizontal force of magnitude P is applied at © in the direction CD. The loaded
plate L remains suspended from O and rests in equilibrium with A5 horizontal and O
vertically below B

d Show that F= %mg :
e Find the magnitude of the force on X at O

Solution:

PhysicsAndMathsTutor.com
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Vertical

"'-
-

Let the distances of the centre of mass of [, 44— |

A o
din s E..L__...F
S
2a e
D Sa

say 7, from AD and A% be T and ¥
respectively.

The tass of L 15 S+ dme+ o+ 20 =10m.

B
® i

® 2
c

The distance ¥ iz measured
from A&, not DT

Eectangle Particles
i, ABCD A £ 54
Ilass 10 2 A | m 2
Distances (x) X 2.5 0 Sy Dy
Distances () ¥ @ o 0 2a

a M (4D)

10mxx

x

b M (45)

106 37

7

¢ Let o bethe angle between 04 and the vertical
¥ _ D7a *+— When L is freely suspended
from &, the centre of mass &
of the complete system
hangs wertically below O

tan o

o

The angle that A5 makes with the horizontal

25a—x 02a
T0° (nearest degree)

I 2. 00tk Da 4 2 S = 22 Sma
22 Smn
1022

=2 254, as required

Sma + 2m 2a =T

Tenc

102

=07a

=25

13 (90700 = 20° (nearest degree)

PhysicsAndMathsTutor.com
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d
Ly
A X
[ 3 -
______________ o
X e
2a
D Sa
10mg
\
M (D)
Frda = 10mgx(25a—7x)
= 10mgx0.25a

o 25mg £ s

=g, as required

2 4

e Let the horizontal and vertical cotmponents
of the force acting on [ at D bhe K and ¥

1 Tsing x=225a froma

‘ﬁ *— The total weight 10mg of the
loaded plate L acts at the
centre of mass & of the plate.

respectively.
R(=) X = P=lmg

BTy ¥ = 10mg
Let the magnitude of the force acting on L at
Obe &

RE = JRRapd

B ol 1625
= (zmg) +(10mg)2=7mggz
R o= R 543 +— Thiz exact answer or

= g s e

© Pearson Education Ltd 2C
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approximate answers, such as
10. 1meg, would be accepted.
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Review Exercise
Exercise A, Question 41

Question:

Tweo patticles, of mass Zme and 2, are moving in opposite directions in a straight
horizontal line with speeds da and & respectively. The particles collide and coalesce

to form a single particle F Calculate

a the speed of P in terms of 5,

b the lozs in kinetic energy, in terms of 2 and 2, due to the collizion,

Solution:
Positive direction
,l,” 11}

Before . -—
7 e
| 3m | { 2m |
ol cume L S

N

After P [ Sm /.

"

a Letthe speed of Phe v

Conservation of linear momentum |

A Smt 2mX () = Omy prerequisites in the M2
108 = Semw specification includes
10 A knowledge of the
¥ T 5T 2u specification for M1 . iz

Part a of this question 15 1n the
M1 specification. The

assutned and mavy be tested”

b The kinetic energy before impact is

il

2 3m X (4u)? + 2 2mxu® = 2Amas + o = 25’
The kinetic energy after impact is
2 5 = L Smx (2)? = 10m®

The losgs in kinetic energy iz
25wz — 10mas* = 150

© Pearson Education Ltd 2C
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The direction of motion of the
particle of mass 2 13 not
relevant when wotking out its
kinetic energy. In a, the
direction was needed for
calculating the linear
momentum. Linear momentum
1z a vector quantity; kinetic
ENErgy 15 not.
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Review Exercise
Exercise A, Question 42

Question:

A particle of mass 4 kg is moving in a straight horizontal line. There is a constant
resistive force of magnitude & newtons The speed of the particle is reduced from

25 m s to rest over a distance of 200 m.

Tze the wotk—energy principle to calculate the value of B

Solution:

The loss in kinetic energy 1s «—

%muz =%4><252 =1250]

The work done by the resistive force 1z
given by

work done forcex distance mowved
W 200

Tsing the wotrlk—energy principle
2008 = 1250

The initial kinetic energy of the
patticle 13 1250 T, Its final
kinetic energy is 0, as the
patticle has been brought to
rest.

sy Blao0ss
7= W—6.25

© Pearson Education Ltd 2C
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The work done by the resistive
force 15 equal to the loss of
energy of the particle.
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Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 43

Question:

A particle P of mass 2 kg 1z projected from a point 4 up a line of greatest slope AF of

afized plane. The plane iz inclined at an angle of 307 to the horizontal and A8 =3m

with & above 4, as shown in the figure. The speed of Pat A is 10m s

a Assuming the plane 1z smooth, find the speed of P at &,

The plane i now assumed to be rough. At.4 the speed of Pis 10m s and at 5 the
speed of Pis Tms™ .

b By using the work—energy principle, or otherwisze, find the coefficient of friction
between P and the plane.

Solution:

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2

a Let the vertical distance moved by P

be i m.
%=sin30' —h=3sin30" =15

The potential energy gained by F is given by
PE=mgh=2x538x1.5=254

Let the speed of P at Bbe vm ™.

The kinetic energy lostby F is given by

1 2 1 2
EE = _mu —_mpw
2 2

_ 1 2 la 2 _ .2
= i2>-<1[Z] 521: 100 —v

Tsing the principle of conservation of energy

The change in the potential
energy of & depends on the

hm «e——— | wertical distance it has mowved.

You find this using
trigonometry.

100-v2 = 294 PO
v 100-294 =706

NI0E =840z

v

If no forces other than grawvity
are acting on the particle, as
mechanical energy 13
conserved, the logs of kinetic
energy must equal the gain in
potential energy.

The speed of Pat Bis 84m s (2s.£).

)]
H -
uk_@—"
- r— 30
= A
2g¢

Let the normal reaction between the particle
and the plane have magnitude X1

E(™) R=2Z2gres3lr

The frictional force 15 given by
F=uR=plgcos 30"

The kinetic energy lostby P15 given by

1 G- 2
EE = _mwuw ——wnw
2 2

— 1l z_ 1 2
= §2><10 E2><7" 51

PhysicsAndMathsTutor.com

Az anumerical value of g has
been used, yvou should round
vour final answer to 2
significant figurez. Three
significant figures are also
acceptable,
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B The change in the potential
o ek energy of & depends on the
‘__,f;{f’ T | hm «——— wvertical distance it has moved.
PR ! Tou find this using

The potential energy gained by F 15 the same 4

: The wertical height moved
as in a.

15 the same as in a.

The total lozs of mechanical energy, in T, is
51-2%4=216

The work done by friction 15 given by
work done = forceX distance moved

W = LR¥3I=ulgcos30°X3=ux50.922.

Tsing the work—energy principle

The work done by the

friction is equal to the total
¥o0822. =214 =0424. .
: =i losz of energy of the

patticle,

-+

The coefficient of friction 1z 042 (2 5.£.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 44

Question:

A small package s modelled az a patticle P of maszs 0.6 kg The package slides down
arough plane from apoint Sto apoint T, where ST =12m . The plane iz inclined at

307 to the horizontal and 57T is a line of greatest slope of the plane, as shown in the
figure. The speed of Pat iz 10m s and the speed of P at Tis 9m s, Calculate

a the total loss of energy of P in mowing from & to 7,

b the coefficient of friction between 2 and the plane.

Solution:

PhysicsAndMathsTutor.com
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a
5
N~ .
hm ~d [_”
.
L
In mowing from 5 to T, F descends a vertical The change in the
distance of & m, where potential energy of 7
o _ depends on the vertical
—2=s1n 3= h=12an30" =6 distance it has mowed.
The potential energy, in J, lost by F iz given by gioif;ﬁ;:;m e
mgh =0.6%9.8%6=3528 5 ol
The kinetic energy, in I, lostby F iz given by
1 2 1 — 3%l
5 st Emvz im(u )
_ 1 2y
h §><0.6><(10 §)=317 Az F moves from 5 to Thoth
kinetic and potential energy are
The total loss of energy of F 15 lost.
(352840 N T=4058T=41T{2=1}.
h
X |

Let the normal reaction between the particle
and the plane have magnitude XM

R/ E=06gcos3l

The frictional force 1z given by

F=uR=u0bgcos30" =ux 509229
The work done by friction is given by
worle done = forceXdistance moved

W o= Fxlz=pxéllis...

-’//

Using the wotrlk—energy principle
WX 61106 =4098 = u=06706

The coefficient of friction 12 0.67 (2 2.1,

Friction opposes motion and
acts up the plane. The work
done by friction against the
motion of the particle equals the
total loss of energy of the
particle. You should use the
unrounded answer from a for
the total energy loss,

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 45

Question:

A particle P has mass 4 kg It is projected from a point 4 up a line of greatest slope of

arough plane inclined at an angle o to the horizontal, where tan = % The

coefficient of friction between & and the plane 1z % The particle comes to rest

instantaneonusly at the point 5 on the plane, where A5 =25m It then mowes back
dewn the plane to 4

a Find the work done by friction as F moves from A to B

b  Using the wotk—energy principle, find the speed with which P 15 projected from
A

¢ Find the speed of P when 1t returns to A

Solution:

PhysicsAndMathsTutor.com
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a

& . - ewd
tan{x—zzhsm{x—g,coscc 3 -] P
W R Aot .
- 4
uR _——125m rm Thiz diagram illustrates that if
=l 7. 3
' = =
o | @ tan o = 2, 5in.6 =< atwd
4
T .I.!‘: =
Cosl =

Let the normal reaction between the particle
and the plane have magnitude & M.

R(N\) R=4gcose =4x9.8x 3 =31.36

The wotk done by friction is given by
forcex distance moved

LR AB
= %xzt%x25=2z4

wotle dene =
W =

The magnitude of the frictional force
iz givenby F =uR forthe particle's
motion both up and down the plane.
The direction of the frictional force
changes but its magnitude dees not.

The work done by friction in mowing from A

to Bis 2241

Let the wertical distance moved by F in moving from A to Sbe b m.

i:sina#.@z=2.5xi=l.5
05 *

Tﬁe potential energy, in I, gained by P in
moving from A to Fis given by
mgh=4x93x15=583

Let the speed of PatAbe ums™.

The kinetic energy, in I, lostby & in moving

from A to Bis given by

1 a_ .2 W—fﬁ;
= i =2u

The mechanical energy, in J, lostby Fin
moving from A to 5 is given by

At B the particle 15 instantaneously at
rest and has no kinetic energy. So all

of the initial kinetic energy has been

lev st

2u® - 58.8 S

Tzing the work—energy principle

In movwing from A to B, kinetic
energy has been lost and potential
energy gained. The difference
between the values 13 the net loss,

224 = 247 —588
2 588+224=4D6
o= JA0E=6371.

The speed of PatAis 6.4 ms™ (2s£).

PhysicsAndMathsTutor.com
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a tan{x=3=:-sin{x=§,cosxx=

4
q B
W R

n

¢ Let the speed of 7 when it returns to A ke
1

Vi s .
The wotk done by friction as F mowves from
Fto A 1z the same that it does as P moves
from A to B Hence the total work done by
friction is

2x224=4438]

By the work—energy principle

=

£
..-"'ff -
- o R

The work done depends on the
normal reaction and the distance
moved. Both the reaction and the
distance are the same as the particle
moves from A to Band from Bto 4
=0 you can find the total work done
by friction by doubling your answer
to a

44 8 = %muz—%mvz -

= 2x40.6— 2y
Ca 81.2;44.8218_2

V18,2 =4266

Az the particle 1z now at the same
lewel as it started, there 1z no change
it its potential energy. So the change
in mechanical energy is just the loss
in kinetic energy.

¥

The speed of P when it returns to A is 4.3m s (25.£).

© Pearson Education Ltd 2C
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Exercise A, Question 46

Question:

‘I}

A ()
B(2m

0]

Two patticles 4 and B of mass # and 2 respectively are attached to the ends of a
light inextenzikle string The particle A lies on a rough plane inclined at an angle o

to the horizontal, where tan o= % The string passes over a small light pulley P fixed

at the top ofthe plane. The particle & hangs freely below P, as shown in the figure.
The particles are released from rest with the string taut and the section of the string
from A to Fparallel to a line of greatest slope of the plane. The coefficient of friction

ketween A and the plane iz -SE When each particle has moved a distance &, & has not
reached the ground and A has not reached F.

a Find an expression for the potential energy lost by the system when sach particle
has moved a distance k.

TWhen each patticle has moved a distance A, they are moving with speed v.

b TUsing the work—energy principle, find an expression for v*, giving vour answer
in the form kgh where & iz a number.

Solution:
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a tan0<:=i=:-sin&:=§,cosa=

4
4 53

7Y

oucansketcha 3, 4, 5 triangle to

checl: these relations.

Az B descends a distance A, A moves a
distance & up the plane. Let the vertical
displacement of 4 be y.

The potential energy lost by B 15 Zmgh +——

£ has mass 2 and descends a
distance k.

The potential energy gained by A i3

mg}f=mgxéﬁz=§m‘gﬁz o

The net loss in potential energy of the
system 1s

A has mass # and ascends a vertical

distance %ﬂz.

2mgh — %mg}'z = %mgﬁz
h Ford

L.

l.:.rf{‘__ , :

(T 7 4

P 1
Y g
Let the normal reaction between the particle

and the plane have magnitude X I

E(~) R=mgcosa=mgx§=§mg

The work done by friction 15 given by

worlk done = force distance moved
W = uR¥h
5.4 A
= gk‘gmgx}z—img}z

PhysicsAndMathsTutor.com
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The gain in kinetic energy is

%mv2 +1§ (2m)v* = %mv2 +——| Bath particles start from rest, so the

system has no initial kinetic energy.

The net loss of mechanical energy is

i 3 : : ;
jmgﬁs—jmvg 4——| The total lozs in mechanic energy is

the difference between the loss in
potential energy ¥ou wotked cutin a
less the kinetic energy gained.

Tzing the wotlc-energy principle

1 s o - T

Eh = gmghm g '\

St = (e D The work done by friction against th
T 375 [PER T s e work done by fniction against the

. 2 g 5 motion of the particle 4 equals the total
M= ﬁxmgﬂz = gh loss of energy of the system. Other than
gravity, there 1z no force acting on & The
only force causing the loss of mechanical
energy is the fiction acting on A

© Pearson Education Ltd 2C
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Exercise A, Question 47

Question:

The engine of a car is working at a constant rate of & I'W in driving a car along a
straight horizontal road at 54 km h™' Find, in I, the magnitude of the resistance to
motion of the car

Solution:
54 km h!
-
RN FN
- . -

Let & N be the magnitude of the driving
torce produced by the engine and & N be the
magnitude of the resistance to motion

-+ This 1z Mewton's Second Law
E(—=) F-AR=0=R=F F =sma. Asthe car is travelling at a
constant speed the acceleration is
ZETD.
ERW =a000W 4— Before yvou use the formula £ =Fv,

vou have to convert the data in
4 1000 iy _1 | lalowatts and kalometres an hour into
 ms =15ms

-1
S4kmh 3600 base 51 units.

FE BES e
6000 F><15=>-F=$=400
Hence B=F =400

Power =forcex speed

The resistance to motion has magnitude 400 B

© Pearson Education Ltd 2C
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Question:

A lorry of mass 5000 kg mowes at a constant speed of 15m 5™ up a hill inclined at an

1

angle o tothe horizontal, where sin e = . The resistance experienced by the lorry

15°
1z constant and has magnitude 2500 1.

Find, in k'W, the rate of worliing of the lorry's engine.

Solution:

5 1
A |f!l|1l~..__ -

FN
2500N_— o

T

T S000g N

Let #M be the magnitude of the driving

force produced by the engine.

B F=wma a——’-"’_//

Lz the lotry iz travelling at a constant
speed, itz acceleration iz zero,

F=2500-5000g sin o 0

F=2500+5000K9.8K% = 2B26.6
P = Mv

The component of the weight down
the plane iz
S000g cos(f0 — o) =5000g sin o |

2826 63 15=42 400

F‘_‘_'_'_'_‘—‘—-—-—._

The rate of working of the lorry's engine 1s

42 KW (2 5.£)

F=Fv gives the answer in watts. To
give the answer in kilowatts, as the
question requires, you divide by
1000, Either 42 W or 42.4 kW

would be an acceptable answer,

© Pearson Education Ltd 2C
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Question:

A car of mass 400 kg 15 moving up a straight road inclined at an angle 2 to the
horizontal where sinf = 11—4 . The resistance to motion of the car from non-
gravitational forces 1z modelled as a constant force of magnitude & newtons. When
the car is moving at a constant speed of 20 m s, the power developed by the car's

engine iz 10 kKW
Find the value of &

Solution:

T d40g N

Let #M be the magnitude of the driving
force produced by the engine. Before you uge the formula

10w = 100000 2 +—] E=Fv, vou have to convert
leilowratts to watts.,

F = Ffv
10000 = F=20=F =500

EiM F = wa
f=R=400gsind; = 0 < Az the car iz travelling at a
R = F—400gsinf constant speed, its
1 acceleration iz zero.
= 500—400><9.8><ﬁ= 220

© Pearson Education Ltd 2C
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Question:

A lorry of mass 1500 kg mowves along a straight horizontal road. The resistance to
motion of the lorry has magnitude 750 IT and the lorry's engine is working at a rate of

36 W

a Find the acceleration of the lorry when its speed is 20m 7.

1

The lorry comes to a hill inclined at an angle o to the horizontal, where sin = M-

The magnitude of the resistance to motion from non-gravitational forces remains
750 M. The lorry moves up the hill at a constant speed of 20m 7%

b Find the rate at which the lorry 15 now working.

Solution:

PhysicsAndMathsTutor.com
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a
ams-?
750N L FN
1 15008 N

Let the acceleration of the lorry be @ m s~

and the driving force of the engine have

magnitude F17,

LW = 36000 W +——| LW must be converted to W

F o= M
36000 = Fx20=F=1800
Ei—) F = ma
F—=750 = 1500z
1800—="750 = 1500q
1800750
1500
The acceleration of the lorry when the speed
15 20ms s 07ms™. Thiz result iz only true at one
instant in time. The speed
would now increase and the
b driving force and acceleration
y 20mst, decrease.
F'N

—

s

750N __ _:_._...'.'"--"
|

T 1500g N

Let the driving force of the engine
have magnitude & N. —

The driving forces in a and b are
different and it iz a good idea to
avoid confusion by using
different symbols for the forces,

lotry 13 moving at a constant
Ei™ F=wma / speed and the acceleration 15 zero.

F —750-1500gsin =0
Fo= ?50+15UD><9.8><%=2220
P =

In this part of the question the

= 2220 20=44 400
The rate at which the lorry 1s now working

15444 1W. =

This question asks for no particular
form of the answer, 50 you could
give your answer in either W or
KW Two or three significant
figures are acceptable.

© Pearson Education Ltd 2C
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Question:

Acarof mase 1200 kg mowves along a straight herizontal road. The resistance to
motion of the car from non-gravitational forces i3 of constant magnitude 600 M. The
car mowes with constant speed and the engine of the car 1z working at a rate of

21 1
a Find the speed of the car.

._.
= -

The car moves up a hill inclined at an angle of to the horizontal, where sina =

The car's engine continues to work at 21 KW and the resistance to motion from non-
gravitational forces remains of magnitude 600 I,

b Find the constant speed at which the car moves up the hill.

Solution:

PhysicsAndMathsTutor.com
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a
wms|
BN ! FIN
* 1200g N
Let the speed of the car be wm s and the
driving force of the engine have magnitude
FH
21 = 210007 /r
BEi—=) F-600 = D= F=6(00
F = M
_ _ 21000
21000 = 600 :M—W—ﬁ
The speed of the car is 35m 7.
b
, vms!
'._I !,. !\ B
oN__—@—
Y1200 N

Let the speed of the car be wm s

and the driving force of the engine

In both parts of this question, as
the car iz moving with constant
speed, the acceleration is zero,
S0 the wector sum of the forces
acting on the car is zero.

have magnitude 7 . =

R(M F —1200gsine—&00=0

F 1200 9.8><11—4+6UU = 1440
P = v
21000 1440p = v=14.583

The constant speed of the car as it moves up
the hill is 15m s™ (2 s.£).

© Pearson Education Ltd 2C
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The driving forcez in a and h
are different and it 15 a good
ideato avold confusion by
uzing different symbols for the
torces.

Although there 1z an exact answer,

14%, a numerical value for g has

been used in the question and the
answer should be rounded to 2
significant figures. Three
significant figures (14.6) 13 also
acceptable.
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Question:

A car of mass 800 kg tows a caravan of mass 480 kg along a straight level road. The
tow-bar connecting the car and the caravan 15 horizontal and of negligible mass. With

the car's engine working at a rate of 24 W, the car and caravan are travelling at a

constant speed of 25ms™.

a Calculate the magnitude of the total resistance to the motion of the car and the
Caravat,

The resistance to the motion of the car has magnitude B00A newtons and the
resistance to the motion of the caravan has magnitude 4804 newtons, where A 13 a
constant. Find

b the value of A,

¢ the tension in the tow-bar.

Solution:

PhysicsAndMathsTutor.com
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25ms!
-

Caravan

Car
4R0AN TN TN FN
- - = -
RO0OA N
480e N Ble N

a Let XN bethe magnitude of the driving
torce produced by the engine of the car and

A M be the total magnitude of the resistance

to the motion of both the car and the
caravan.

For the combined car and caravan
R F-RE=0=F=R

When you consider the car and caravan
combined, the tensions at the ends the
tow-bar cancel one ancther out and can
be ignored. When you consider the
caravan and car separately, the tensions
hawe to be included in your equations.

24 W = 24 000 W -
P = By

24000 = F><25=>F=@=950
R = F=90

The magnitude of the total resistance to the

motion of the car and carawvan 15 960 .

b
AR0A+8000 = 960 € |
_ _ a0
1280A=960=1 = ==075

The sum of'the resistances to the
caravan and the car must equal the
total resistance, 960 1.

¢ Let the magnitude of the tension in
the tow-bat be T,

For the caravan alone

4— Youcould consider the car alone. In that
case your worlking would be
F-T-B00A=0

T=F—-8004 =960-800%0.75=2380

R(—s) T-4801 0

T=4804 A80% 0,75 =360
The tension in the tow-bar 15 360 I

© Pearson Education Ltd 2C
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Exercise A, Question 53

Question:

A car of mass 1000 kg is moving along a straight horizontal read. The resistance to
motion iz modelled as a constant force of magnitude & newtons. The engine of the car

is working at a constant rate of 12 KW, When the car is moving with speed 15m 57,

the acceleration of the caris 0.2 ms™ .

a Show that & =600
The car now moves with constant speed U/ m s~ downhill on a straight road inclined

at & to the horizontal, where sinf = % . The engine of the car iz now wotking at a

rate of 7 LW, The resistance to motion from non-gravitational forces remains of
magnitude & newtons

b Calculate the value of 7

Solution:

PhysicsAndMathsTutor.com
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L2 S )5y gl
RN t FN
- . -
v 1000e N

a Let &N bethe magnitude of the driving
torce produced by the engine of the car.

12k = 12000%W
F = Fy
12000 = Fxla
F = 12000
T—BOD

TTzing Mewton's second law, the vector
Ei—) F ma
sum of the forces on the car equals the
F—R = 1000x02

mass times acceleration.
R = F-1000=x02

= B00—200=4600, as required

b
Ums-
| (_‘”_Er] -\_ Eesistance acts against motion. As the
FN__ . —— car i3 travelling down the hill, the
T resistance of 600 1 acts up the ill.
v 1000e N

Let the driving force of the engine have
magnitude & 1.

R(/IF +1000gsin 6 — 600 0 ¢—

Az the car 15 travelling at a constant

F =600—1000% 9.8}(% = 355 speed, there 15 no acceleration.
TIEW = T000°W
P = £y
000 = 353507
__Hoo _ i
o = ﬁ—IQ.TIB...—EU(h.f)

© Pearson Education Ltd 2C
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Exercise A, Question 54

Question:

A car of mass 1000 kg 15 moving along a straight road with constant acceleration
F m s The resistance to motion is modelled as a constant force of magnitude

1200 M. When the car is travelling at 12m s, the power generated by the engine of
the car is 24 LW,

a Calculate the value of /£

When the car is travelling at 14m 7, the engine is switched off and the car comes to
rest without bralting in a distance & metres.

b Assuming the same model for resistance, use the work—energy principle to
calculate the value of &

¢  Give a reason why the model uzed for resistance may not be realistic.

Solution:

PhysicsAndMathsTutor.com
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izooN ! FN

- -

T ||'(||'-_: M

a Let & N be the magnitude of the driving
torce produced by the engine of the car.

24 W 24000 W
F = fv
24 000 Fele=F=2000

E{—) F
F=1200

2000-1200

FRa

1000 7

1000f = f =202 =038

b The kinetic energy, in I, lost as the car 1z

jP?IH

brought to rest 1s The final kinetic energy 13 zero.
L s = 11000% 147 =98 000 |

H"’

Wotlk done by resistance = Energy lost

Eesistancex distance = Energy lost
12004 = 95000

_o9gO00_ .2

2 = o -8ly

¢ Fesistance usually varies with speed «—

Teou use the wotk-energy
principle. The work done by
the resistance (1200 M in
bringing the car to rest iz
equal to the kinetic energy
lev st

© Pearson Education Ltd 2C
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Az the speed slows down, the
resistance to motion usually
decreases. In this case, this
tnight mean that the car would
trawvel further.
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Question:

8 ms!

The figure shows the path taken by a cyclist in travelling on a section of aroad When
the cyclist comes to the point A onthe top of the hill she is travelling at 8m . She

descends a wertical distance of 20 m to the bottom of the hull. The road then rises to
the point & through a vertical distance of 12 m. When she reaches 5 her speed is

Sm 57 The total mass of the cyclist and the cycle is 80 kg and the total distance

along the road from A to B4z 500 m. By modelling the resistance to the motion of the
cyclist as of constant magnitude 20 M,

a findthe work done by the cyclist in mowving from 4 to 5.
At Bthe road iz herizontal

b Given that at B the cyclist is accelerating at 0.5m s, find the power generated
by the cyclist at &,

Solution:
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a Fromdto B, the cyclist descends
(20-12'm==8m

The potential energy, in J, lost in travelling
from A to Bis given by

mgh=80x 2 8xE=6272

The kinetic energy, in I, lost in travelling
from A to Bis given by
1 2 1 2 1

2 2
=M — =Y = =¥ —V
2 2 2 ( )

40(82—52)=156D

The total mechanical energy lost is

(B2 415600 T="7832T

The work done by resistance due to non-
gravitational forces 1z given by

W

force  distance moved
= 20 500=10000

(10000-7832)T=2168] «——

The work done by the cyclist in mowving
from A te Bi1s 22007 (2 s £

b At B, let the force generated by the cyclist
be FTT

Ei—= F = ma
F=20 = B0x=0.3
F = Fv
= 60x5=300
The power generated by the cyclist 12 200 W

© Pearson Education Ltd 2C
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Whatewer the path taken, the
potential energy lost in
travelling from A to B
depends solely on the
difference in levels between A
and &,

The non-gravitational resistances
to totion have wotked 10 000 T
against the motion However, the
mechanical energy lost 15 anly
7852 ] The difference between
these values 15 the worl that has
been done by the cyclist
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Question:

A van of mass 1300 kg 1z driving up a straight road inclined at an angle o to the
1
iz
1z modelled as a constant force of magnitude 1000 I

horizontal, where sin o= — . The resistance to motion due to non-gravitational forces

a Given that initially the speed of the van is 30m s and that the van's engine is

wotlting at a rate of 60 W, calculate the magnitude of the initial deceleration of
the van

When travelling up the same hill, the rate of working of the wan's engine is increased

to B0 LW,

b Using the same model for the resistance due to non-gravitational forces, calculate
in m s~ the constant speed which can be sustained by the van at this rate of
wotling

¢ ive one reason why the use of this model for resistance may mean your answer
to part b 1s too high.

Solution:
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am s

- = ] 1
A 3 |1_1_:~__ -

000N _— _.;_—_ e

— 1

¥ 1500g N

a Let &N bethe magnitude of the driving
torce produced by the engine of the van and
am s be the acceleration of the van.

E0LW = &00007W

F o=
0000 = Fx30=F=2000
E(™ F=sma

F=1000-1500gsin & =1500x%a

1500z = 2000—1000—15}(9.8}(%:—225
! -
@ = —im 015

The deceleration of the wan is 0.15m s

b Let #'N bethe magnitude of the driving
force produced by the engine of the van at
the increased power and wm s~ be the
constant speed.

R(/) F—1000—1500gsine = 0 ©

F =100041500% 9.8><%= 2225w

BOKW = B00007%W
P = M

g0000=22250 =u= 8000 35,955
2225

The constant speed is 36m s (2 500

¢ The resistance usually increases with speed.  +—

The equation * in b would then give an
increased value of 5.

A v=8l:|‘pﬂ, an increased value of '

gives a lower value of v, and the answerin b
would be too high

© Pearson Education Ltd 2C
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From the wording of the
gquestion, you would expect @
to be negative and this gives

vou a check on your worliing,

A commen error 15 to leave
the answer as —0.15. That 1s
the acceleration and you hawe
been asked for the

deceleration.

In b, the van iz travelling at a
constant speed and the
acceleration 18 zero.

resistances to motion are

Tnless the speed iz very high,

uzually proportional to speed.
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Question:

A model car has weight 200 I, It undergoes tests on a straight hill inclined at an
angle of tothe horizontal, where sine= % The engine of the car wotks ata

constant rate of & watts.

When the car goes up the hill it is observed to travel at a constant speed of 8m a7

iven that the total resistance to the motion of the car from forces other than gravity
15 & newtons,

a express Finterms of B

When the car runs down the same hill with the engine running at the same rate, it is

observed to travel at a constant speed of 24 m 57,

In an initial model of the situation the resistance to motion due to non-gravitational
forces 15 assumed to be constant whatever the speed of the car

b Tlaing this model, find an estimate for the value of F.

In a refined model the resistance to motion due to non-grawvitational forces 15 assumed
to be proportional to the speed of the car.

¢  sing this model, find a revised estimate for F.

Solution:
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a
Bms! _
FN
RN _— e
—Ta |
} 200N
Let & M be the magnitude of the driving
torce produced by the engine of the model
car.
R = o To obtain an expression for F
B _F i terms of &, yvou will have to
F = Fx8=F= e D eliminate & from the two
equations you get from
R(MF—R—200sina = 0 lfu= Fv and resolving up the
\ Tou have been given the
F=F4200 x%:ﬂ-kz[] (2 weight of the model car in
newtons and not the mass in
o kilograms. g iz not needed. It
Eliminating # from (1) and (2} 15 a commen error, when not
reading the question carefully,
E = R4+20 tg add g when weights are
] given and not masses,
Fo= BR420 i3
b
\ 24 m _w__"__.
R

200 M

Let & N be the magnitude of the driving

force produced by the engine of the model
car ag it moves downhill.

F=r
1 il P
P==Fxd=F=— (4
24
RGAF —R+200sina = 0
F'=R—200><% = R—20 (5
Eliminating & from (4) and (5)
J2 Tou start b by repeating a,
54 = Rl with the directions of the
driwing force and resistance
£oo= aR-20 ® | reversed. Youcanthen find R

and F by solving
simmultanecus equations.
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} 200N

Let & M be the magnitude of the driving
Eliminating F from (3) and (&)

BLE+20) 24(R -2
BE4160 = 24R—480
168 = é40=H=40
Substituting & =40 into (&)

P =24(40 - 20) = 480

: , _ The speedine, 24 m 57 s
¢ When the resistance 15 proportional to the

: e three times the speed in a
speed, equation (47 15 still correct

Sm s Ifthe resistance is

- L proportional to the speed, the
R()F ?)_R +200sina =0 resistance in ¢ must be three

F =3R— 200><% =2R—20_.14ms™> (5" | timesthe resistance ina Ina
the resistance 15 &, so here 1t
12 3E Solving c, is essentially
arepeat of b, replacing B by

Eliminating 7 from (4) and (5)

E = 3R—20 3R where appropriate.
24
P = 24(3R-200 (&

Eliminating P from (3) and (6)

S(R420) = 24(38R—20)
SR+160 = 72R—480
64R = 640=R=10

The answer here is half the answer in b,
Substituting R =10 into (&) In many questions, 1t 1s assumed that
P=24(30-20)=240 «— | resistance is a constant and you are
sometimes asked to comment on this,
This question shows the error which
can follow from such an assumption.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 58

Question:

A car of mass 1000 kg 1z towing a trailer of mass 1500 kg along a straight horizontal
road. The tow-bar joining the car to the trailer 13 modelled as a light rod parallel to the
road. The total resistance to motion of the car 15 modelled as having constant
tagnitude 750 1. The total resistance to motion of the tratler iz modelled as a force
of magnitude & newtons, where X ig a constant. When the engine iz working at a rate

of 50 KW, the car and the trailer travel at a constant speed of 25m s,
a Show that 8 =1250.

When travelling at 25 m s the driver of the car disengages the engine and applies

the brakes. The brakes provide a constant braking force of magnitude 1500 H to the

cat. The resisting forces of magnitude 750 W and 1250 M are assumed to remain
unchanged. Calculate

b the deceleration of the car while braking,
the thrust in the tow-bar while braking,

d the work done, in kT, by the braking force in bringing the car and the trailer to
rest.

e Suggest how the modelling assumption that the resistances to motion are constant
could be refined to be more realistic,

Solution:
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Trailer Car
FIN
RN o e . L)
15011 N T 1MKe N

Let 7 I be the magnitude of the driving
torce produced by the engine ofthe car.

SO = S0 0007w
F = Fy
50000 = Fx¥2i=F=2000

For the car and trailer combined

B{—F-T00-FE=0 ‘
R=F-="700=2000-730=1250, az required

When vou consider the car
and trailer combined, the
tensions at the ends the tow-
bar cancel one another out
and can be ignored.

ams?
—
Trailer Car
i [
Y
|:S”\ TN THN | 50K M
" . _H” \ .
v 1500¢g N Y IO N

Let the acceleration of the car while braking

2
be ams™.

For the car and trailer combined

Ei—=) F = ma
=1500-750-1250 = 2500«
- ar  $9
25008 =-3500=a = =T 1.4

The deceleration of the car while braking 13
14ms™,

PhysicsAndMathsTutor.com

Asgthe car brales, the forces
in the tow-bar are thrusts and
act in the directions shown in
this diagram. The forces inthe
tow-bar 1n a are tensions and
act in the opposite directions
to thrusts.
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C

Let the magnitude of the thrust in the
tow-bar while braking be T17.

For the trailer alone

R(=
-1250-T =

F = ma
1500a =1500%{—1.4)

T = 1500x1.4-1250 =550

The magnitude of the thrust in the tow-bar
while braking is 850 I,

d To find the distance travelled 1n coming to rest

2
WV

02

=

=i + 2as #
= 25 +2xi{—14)s
_. 2

P

The wotk done, in T, by the braking force of
1500 M iz given by

W

The wotlk done by a force 15 its
magnitude multiplied by the
distance moved by itz point of
application. This formula you
learnt for the M1 module gives
vou a straightforward way of
finding thiz distance.

R 25w
=1500 x5 = 1500 > = 334 821

The work done by the braking force in

bringing the car and the trailer to rest iz
EERR ANER-R SN

e The resistance could be modelled as wvarying
with speed.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 59

Question:

tm sl

A particle P is projected from a point A with speed wm 5™ at an angle of elevation

&, where cosf = % The point B, on horizontal ground, is vertically below A and

AF=45m . After projection, & mowves freely under gravity passing through a point

', 30 m abowe the horizontal ground, before striking the ground at the point £, as
shown in the figure abowe.

Given that P passes through O with speed 24 5ms™,

uzing conservation of energy, or otherwise, show that 2 =175,

find the size of the angle which the velocity of P makes with the horizontal as P
passes through O

¢ findthe distance 80

Solution:

PhysicsAndMathsTutor.com
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a The wertical distance fallen by P in mowing

fromAte Ciz (45-30m=15m.

Tzing the principle of conservation of energy,

Einetic energy gained = Potential energy lost
LA L = b

1 212 _
i><24.5 S 2.8x15

o= 2452w 98w15=230625

VA06. 25 =175, as required

i =

The mass of the particle cancels
throughout thiz equation The
caleulations in this question are
independent of the mass of 2

Thiz equation has a similar form to

v =1 + 2as . However, it would be
an error to use this formula, which iz a
formula for motion in a straight line,

as P iz not moving in a straight line,

velocity iz constant throughout

4 ‘_/_/_/_,_// The horizontal component of the
h E({—=) ux=ucosﬁ'=17.5><g=l4

Let the required angle be

s A4 3
cosy = o==o
W= 55157 =55 (nearest degree)

e R(D u, =usin8=1?.5)<§=10.5

To find the time taken for P to mowe from
Ato D)
R(’D g = u.ﬁ+%a.ﬁ2
-45 = 10549
49*-105-45 = 0
4942 -105%-450 = 0

the motion.

At O the velocity of P and itz
components are illustrated in this

diagram.
14
B
]
\\.-"' W
R
“ 7
245 N
,
M,
h
\

Y can now be found using

trigonometry. There 15 no need to
find the wertical component of the
velocity at O

(7t—300(7t+15) = 0 <

£=E, as £ = 0]
7
E{—=) distance = speed¥time
- 30 _
= 14><T— &0
8D = 6&0m

© Pearson Education Ltd 2C
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These factors are difficult to spot
and you can use the formula for a
gquadratic. Tou should, however,
obtain an exact answer.
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Review Exercise
Exercise A, Question 60

Question:

20 m 5!

In a ski-jump competition, a skier of mass 80 kg mowes from rest atapoint A ona
ski-glope. The skier's path is an arc 458 The starting point 4 of the slope 12 32.5 m
abowe horizontal ground. The end B of the slope 12 8.1 m abowe the ground. When the

skier reaches B she is travelling at 20 m 5™ and moving upwards at an angle o to the
horizontal, where tan e = % . as shown in the figure. The distance along the slope
from A to B 1z 60 m. The resistance to motion while she 15 on the slope 13 modelled as
aforce of constant magnitude R newtons.

a By using the work—energy principle, find the value of &

On reaching B, the skier then mowves through the air and reaches the ground at the
point O The meotion of the skier in mowing from B to O 12 modelled as that of a
particle moving freely under gravity.

b Find the time the skier talees to mowve from 5to O
¢ Find the horizontal distance from 5 to C.

d Find the speed of the skier immediately before she reaches

Solution:

PhysicsAndMathsTutor.com
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a The kinetic energy, in I, gained in moving
from A to B is
1

2= %SUK 20% =16 000

The potential energy, in J, lost in moving
from A to B 1z

mgh=40X 98X (32.5-8.1)=19129.6

The net loss of mechanical energy is

(191296—16 0000 T=5312%967 -—

The net loss in mechanical
energy i the worl: done by
the resistance to motion.

The wotk done by the resisting force of B
newtons, in I, 18 given by

W orle

force » distance
el

By the work—energy principle

60R = 3129.6
R = APL=5505=52 2k

PhysicsAndMathsTutor.com
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h

3 : 3 4
tan&:=z=:~s1n&t=§,cosa=§ Youcan sketcha 3, 4,5
R(—) u, = 20cosa= o0w 3 =18 triangle to check these
> relations.
RM u, = 2osino::20><§:12

To find the time talcen to move from B to &
RO s = ui+gai’

—8.1 lagsdion Fnm,
494 -12:—81 = 0 / Eearranging the quadratic
0 and multiplying by 10

49 —120: — 81
(t—34% +27) 0
=3 azf=10

The time taken to move from Bto O 15 5 5.

—  distance = speed®time
= 1&6¥3=48
The horizontal distance from & to O 1348 m.

Let the speed of the skier immediately
1

before reaching Cbhe wim 5™

Tsing conservation of energy Cancelling the s and rearranging
1 1 1 the formula. This result 15 similar
5 W — j}?{v = yigh 20 d :

: to v =u” + 2as . Howewer, it

w o= V+2lgh would be an error to use this
AP 4290 BWE 1 =5958.76 formula, which 1s a formula for
motion in a straight line, as the
W= «358.76=23638... skier iz not moving in a straight

The speed of the skier itntediately before using the principle of
reaching C'is 24 m s (2 a£). conservation of energy.

line. You must establizh the result

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 1

Question:

Whenever a numerical value of g is required, takke g =9 8m s,
[ this question 1 and j are perpendicular unit vectors in a horizontal plane. ]

A ball has a mass 0.2 kg, It is moving with velocity (30i) m s~ when it is struck by a
bat. The bat exerts an impulse of (—4i+4) Mz on the ball. Find

a the velocity of the ball immediately after the impact,
b the angle threugh which the ball 15 deflected as a result of the impact,
¢ the kinetic energy lost by the ball in the impact.

Solution:

a —dh+d) =02v—-02x301
v=10i+20jm s - —| Impulse=rchange of momentum

Final velocity

2] 1 » Original velocity

20
tan 8 = =
10

g=634

¢ K E lost
= 2% 0.2%30% — 2% 0.2(10° +20%)
=407

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 2

Question:

A particle F of mass 0.75 kg 1z moving under the action of a single force F newtons.
Attime ¢ seconds, the wvelocity vm s™ of Pis given by

v =t +2)i - 64.
a Find the magnitude of F when £ =4

When ¢ =23, the particle F receives an impulse of magnitude 9«}'5 Mz in the direction
of the vector 1—73.

b Find the welocity of P immediately after the impulse.

Solution:

a v =(+2)i— 64

‘7_'__,___’_._’———'— Differentiate to find a.
a = 24— 6j

F=0752d - &3) -+ Tsze F =wma to find F.

t=4

s

Make =4

F =0.75(%i— 6])

=6i—4.5j
|F|= (6" +4.5) =751 "" The magnitude of F is the
modulus of the vector,
b
I=pi—-p - Iinpulse 12 parallel to

i—-3.
1| =" +25 =2
But|I|=9+2 . p=9
M- =072v-(27 =300 4_—_| Impulze = change of momentum

36 -36] = Sv -8l 4905 ‘\
3v =117 - 126) For the initial velocity, =35,

¥ =3%-42m s

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 3

Question:

A tennis ball of mass 0.2 kg is moving with velocity (=101 m s~ when it is struck by
atennis racket. Immediately after being struck, the ball has velocity (151 +15) m a7
Find

the magnitude of the impulse exerted by the racket on the ball,

the angle, to the nearest degree, between the vector i and the itmpulse exerted by
the raclet,

¢ the kinetic energy gained by the ball as a result of being struck.

Solution:

I=02(15+15) - (— 100 PR
= 5 +3j impulse = change of momentum .

IT|=.J(5+3 =34
= 583 1s ‘\ The magnitude of the impulse i3

the modulus of the vector.

]
1:51118—5

g = 31" (nearest degree)

¢ E E gained

1

Il
I ba|

% 0.2% (15° +152)—%>< 0.2310°
57

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 4

Question:

Attime £ seconds the acceleration, am s™ |, of a particle F relative to a fized origin O,
is given by a= 21+ &4 . Initially the velocity of Pis (2i—4{im s,

a Find the velocity of P at titne £ seconds,

Attime f=72 seconds the particle &1z given an impulse (3i-1.54) Ns .

Given that the particle P has mass 0.5 kg,

b find the speed of P immediately after the impulse has been applied.

Solution:
a
v = (2i+6) de
= 2i+ %Y +¢ - Den't forget the (vector) constant
£=0¥=2i—4 of integration.
e =2i-4
v o= (24 2+ (3 - D
)]
f=2v =61+ - Find the velocity immediately
H—1.5) = 0.5(V = (6i+3{)) before the impact.
fi-3j=V-6i—-§
V = 1204 5 Impulse = change of momentum .
=12i

- ST
| V= (12 "1'5 1= ————— | Zpeed is the modulus of the
Speed =13m s velocity,

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 5

Question:

The unit vectors i and j lie in a vertical plane, i being horizontal and § vertical.

A ball of mazs 0.1 kg 15 hit by a bat which gives it an impulse of (3214370 Nz The
velocity of the ball immediately after being hit is (10i4+25)) m 37"
a Find the velocity of the ball immediately before it 15 hit.

In the subsequent motion the ball 1z modelled as a particle mowing freely under
gravity. When it 18 hit the ball 12 1 m abowe horizontal ground.

b Find the greatest height of the ball abowe the ground in the subsequent motion
The ball 15 canght when it i3 again 1 m abowe the ground

¢ Find the distance from the point where the ball iz hit to the point where it iz
caught.

Solution:
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3.51+3 =0 1[(1_|ji +25)) - (ui +vj)] +——| Impulse = change of momentum |
w4V =(-251-5]1ms™

b Vertical motion T +ve -

z=25ms"

v=0mzs? - The j component is the vertical
a5 _a velocity.

a=-98ms

1

0=625-2x38s

_ s
196

Height abowe ground

6
—m+1—32.9m

¢ Wertical motion T +ve - 4+— | Tze the vertical motion to find
the time talen.

g=10

a=-98ms"

w=25ms?
1

& =u.ﬁ+ja.ﬁ2

O=23—%x98f

0 =¢(25-4.9
= E(orﬁ = I:]) -+ At start
4.9
Hsisalsies — This will give you the distance.
B 25
5= IDKE
=51m

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 6

Question:

Two particles, 4 and 5, of mass s and 3w respectively, lie atrest on a smooth
horizontal table. The coefficient of restitution between the particles 12 025

The particles A and 5 are given speeds of Tu and w respectively towards each other so
that they collide directly. Find

a the speeds of A and & after the collision,

b the lozs in kinetic energy due to the collision.

Solution:
a -
= ju Vi +—— Draw a diagraml
g =025
A O m im () B
— —
Tros — I = max+ Zy | Conservation of momentum.
dy = x+3y (D)
0.25% (Tu+u) =y—x +———— Mewton's Law of Restitution.
2u =y—-x (2)
D+(2) b =4y
s 3 Solve (1) and (2) simultaneously.
2
In(2) 2u4=%-x

The minus sign shows the arrow in
r = _% 4——"_—'—'—;—# the diagram is pointing in the

wrong direction.

A has speed %

B has speed E‘%

| Speed 15 always positive.

b EE lost

|
A b
bl —
¥
AT
>

1
KX (Tu)? +X 3mX w

2 1 % a
:) +f’<3mx[3]]
2 2
27
=1mx49uﬂ+zmz_[ﬂ+ a J
2 2 a g
_4 g

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 7

Question:

Two uniform smooth spheres A and B are of equal size and have masses 2 and 2m

respectively. They are both mowving in the same straight line with speed &, but in

opposite directions, when they are in direct collision with each other. Given that 4 iz
brought to rest by the collision, find

a the coefficient of restitution between the spheres,

b the kinetic energy lost in the impact.

Solution:
- g -
o —
e T \
A /) m B () 2m
= () -

a dpm— Znm = Zmw

B = 2wy
el+u) =
Jite = v

Eliminating v
mrne = 2l lug)

o]
g =

Conservation of momentum.

HNewton's Law of Bestitution.

)
b EE lost
1 g 1 2 1 I 1
=j><3m +j><2m —[D+jx2m(ju)] | v=2ne = Zuxz
1
3 2 1 4 = _u
= g — 3
—gmug
4

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 8

Question:

& smooth sphere 5 of mass e i moving on a stmooth horizontal plane with speed s It
collides directly with ancther smooth sphere 7, of tnass 2w, whose radius is the same

as & The sphere Tis moving inthe same direction as & with speed %u . The sphere §
iz brought to rest by the impact.

Find the coefficient of restitution between the spheres.

Solution:
- 1 - ::. i
S )m r Im
= () -y
1 -
M+ S 74 = Spne -+ Conservation of momentum.
3
S¥ = v
=2y
1 - —
e(u— Eu] = +—  Mewton's Law of Eestitution.
B _1
ozl U
61
e 155
3
é o OO
5

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 9

Question:

A smooth sphere & of mass 2 15 moving with speed & on a smooth horizontal plane.
The sphere 5 collides with another smooth sphere T, of equal radius to S but of
tnass ke, moving in the same straight line and in the same direction with speed

Ag, 0= A = % The coefficient of restitution between S and Tis .

Given that &' iz brought to rest by the impact,

1+ kA
k(1-Ay

b Deducethat £ =1,

a showthat o =

Solution:
a
- = Aui
5 \ i T i : ki
= () -y
mad + ke du = v +— | Conservation of momentum.
wil+kny =k (1
v=glu— ) =euil- )2 4+— | Mewton's Law of BEestitution.

Elitninate v from (1) and (23

u(1+ih) = keu(1- 3

1+kh
él =
=)
b
g=1 = . —
—— Any coetficient of restitution
= 1+kh = k—kh satisfies 0 Se =1,
L =k
1-24

but 0aha%:~0a1—21c1 ey,

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 10

Question:

A particle A, of mass 2, 15 moving with speed & on a horizontal table when it
collides directly with a patticle B, of mass 3, which iz at rest. The coefficient of
restitution between the particles iz 2.

a Find, in terms of ¢ and u, the velocities of A and B immediately after the collision.

b Zhow that, for all possible values of 2, the speed of A imme diately after the

collizion 15 not greater than %u ;

11

Given that the magnitude of the impulze exerted by Bon A s <

PR
¢ find the value of 2.

Solution:
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- I = ()

e P
S ) 2m B ( ) 3m

—*Va —* Vg

2mi = 2rpy + 3nny,
du = 2u, +3v, (1)

gu =vy—v, (2)
(+2x(2)
Zu+ Zen = vy + 2vg

Vg =2?u(1+e)

In (1)
2= 2vﬂ+6?u(l+e)

Yy = u—%(1+e}

i
= L(2-3)

F 3

Conservation of
motnentum.

«— | Mewton's Law of Eestitution.

b | Selve (17 and (2)

simultaneously.

Tzing the smallest possible value

h
2 &
e=0vA=TH
g=1v, =—%
: 7
The maxzimum speed of 415 — .
¢ Forf

1l _ 2u
Ure = x 2 (1+4)

11=6+6g
. Fa
*T%

© Pearson Education Ltd 2C
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for & gives the mazimum velocity

of A

TTzing the largest possible value

tor & gives the minimum velocity
of A, This minimum must be
considered as it may give a
greater speead.

'_'_'—\'—-—-—-—1 Impulze = change of mnmentumi

Wotle with oxe of 4 and B Tt s
easier to worlo with B as B's initial
motmentium 15 Zero.
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2 Review Exercise
Exercise A, Question 11

Question:

A sphere P, of mass s, 18 moving in a straight line with speed & on the surface of a

smooth horizontal table. Ancther sphere O, of mass S and having the same radius as
F, iz initially at rest on the table The sphere P strikes the sphere O directly, and the

direction of motion of F iz reversed by the impact The coefficient of restitution

between M and O iz 2,

a Find an expression, in terms of w and &, for the speed of P after the impact

b Find the set of possible values of 2.

Solution:
a
- =0
¥ ¥ - o
P(_ )m 45
- I-'lr, =1

mu = Sn, — vy
u =5V, — Vv (L
el = vyt (2

Eliminate Vg

The direction of motion of P 1z
reversed by the impact.

rs

Conservation of momentum

Hewton's Law of Eestitution

#=5lpu—vy) —vp
Ev, = ku—u’\{ v, 18 not needed!

vP=%_(5e—1)

v = 0

S Se—130 e?%

© Pearson Education Ltd 2C
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T oulnew the direction for

r 3

v 13 cotrect.

r 3

I This 15 afways true.
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2 Review Exercise
Exercise A, Question 12

Question:

A smooth sphere A of mass e i moving with speed & on a stooth horizontal table
when it collides directly with another stnooth sphere B of mass 3w, which is at rest on
the table. The coefficient of restitution between 4 and B is e, The spheres have the
same radius and are modelled as particles.

a =how that the speed of B immediately after the collision is %(1 +elu

b Find the speed of A immediately after the collision

Immediately after the collizsion the total kinetic energy of the spheres 13 %mz :

¢ Find the value of .

d Hence show that 4 iz at rest after the collision

Solution:

PhysicsAndMathsTutor.com
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a
= 1 =
A \ m B / \ 3m
Ty R
mi = vy + 30y -
B = v, +3vy 1
€l =Vl (2) — |
(D+H(2)  wtew =4y,
Vg =%(1+e}u
b Using (21

v, =vp—eu
= %(1+é)u —au
= 3 (1-39)u
¢ EE after impact

1
a

wv + = X 3avh

Ba] = pa| =

m(%(]— 32)3;)2 +%m(%(1+eju)2

o 2 3 ol 2
Smi(1= 62+ % )+jmﬁ(l+2e+e )

—_

2
%(1— G+ 9e® +3+ 6e+3§2)

:”;*;;(4+1232)

2
””%(H:@ﬂ)

Conservation of momentum.

MNewton's Law of Eestitution.

EE after impact =ému2 "

! S il

(1436t =

6+18° =3

182 =2

9

1

£=z (g =10
dvA=%(1—3é'}
T 1
=5 (1-3x5)
=0

oA s atrest
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2 Review Exercise
Exercise A, Question 13

Question:

A particle F of'mass m 15 moving with speed 3 in a straight line on a smooth
horizontal plane. Tt collides with another particle (0 of mass 2m which 1s mowing with
speed 2u along the same straight line but in the opposite direction. The coefficient of
restitution between P and 15 2. The magnitude of the unpulse given to each particle
during the collizion is Smen, and both & and & have their directions of motion reversed
by the collision.

a Show that e = %

b Calculate the lossz of kinetic energy due to the collision

Solution:
a
= 3u 21 -

- Pl )m g ) 2m -

K Yo N b

dmit i

Vp = Vo

For P
Impulse = change of momentum ,

Swme = wrvp — m(—3u) e — )
but watch signs.

Vp = 21
For (&

Sy = 2w — 2ml—2)
vy = %u
e(3u+2u) = vp+vy

1
Jeu = Zu Tsu +— INewton's Law of Restitution.
1
3
g = iy
b Lossof EE
s 2.1 a1 2,1 .2
—jm@uj T e (2ag) (jm(&;) et 2??3)((5} )
oD 2 Dl 2 m®
= S + A {2»@: +TJ
4

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 14

Question:

A smooth uniform sphere S of mass 2 13 moving on a smooth horizontal plane with
speed . The sphere collides directly with another smooth uniform sphere T, of the
same radius as 5 and a mass 22, which 13 at rest on the plane. The coefficient of
restitution between the spheres is 2.

a Show that the speed of T after the collision is ;—u(1+e) ;

iven that 2 = %

b i findthe speed of 5 after the collizion,

i determine whether the direction of motion of iz reversed by the collision

Solution:
a
- = ()
Ly m T /: 2m
- Vg =l

M = Vs + 25y

Conservation of momentum.
8 =y +2vp 1 -

fL =V — Yy ()

*—— | Mewton's Law of Eestitution.

(D+2) wtenw =3

Vp = %u(1+é)
b ifrom (2)

1
L =§u(1+e)—v5
Vg =1§u(1+e)—eu
vy = 1u(l-2)

butei'%:%l—Ze?‘:D

speed must be positive.

oo Bpeed of B is %u@é—l). -——————

ii  The arrow in the diagram was the
wrong way round, as shown in
b (1), so the direction of motion was
reversed.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 15

Question:

A particle P of mass 3m 15 moving with speed 2u in a straight line on a smooth
horizontal table. The particle P collides with a particle () of mass Zme mowing with

speed u in the opposite direction to & The coefficient of restitution between & and
iz 2.

a =how that the speed of O after the collision 1z ;—u(Qe +47 .

Az aresult of the collision, the direction of metion of & 15 reversed.

b Find the range of possible values of 2.

¢ Criven that the magnitude of the impulze of P on O is %m find the walue of 2.

Solution:
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a
= 2 T
" ; e 0 : : i Speed must be positive,
* lip = Uy
Conzervation of momenturn,
3 2 — e = S+ 2o -
S = 3up +dug i
(L) = ipir e ewton's Law of Eestitution,
Jeu =up —up (2
Elimimnate 2, between (1) and (2):
Au =3y — 3eu) + 2y
du = Sugy — Yeu
up = zu(%e+4)
b Taing ()
up =upy— Jeu
= %u(% +4)— Teu
= %;;(2—39)
But —— : :
1y <0 -+ Djrec:tn;n of motion of P is
- reversed,
2
8> —
3
E 2 S5 4 TTze the general condition
3 Dxe=xl.
¢ ForlF
32 1
Tend 2m}<3u(92+4)+2m 4+ Impulse = change of momentum.
32 =20 +4+10
l8e =14
i,
73
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2 Review Exercise
Exercise A, Question 16

Question:

A small smooth ball A of mass m 15 moving on a horizontal table with speed u when it
collides directly with another small smooth ball B of mass 3m which 15 at rest on the
table. The balls have the same radius and the coefficient of restitution between the
balls iz 2. The direction of motion of 4 is reversed as aresult of the collizion

a Find, interms of ¢ and w the speeds of A and B immediately after the collision

In the subsequent motion & strikes a vertical wall, which 1z perpendicular to the
direction of motion of B, and rebounds.

The coefficient of restitution between £ and the wall 13 %
Giwen that there 15 a second collision between A and &,

b find the range of walues of # for which the motion described is posaible.

Solution:
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Heinemann Solutionbank: Mechanics 2

a
= I = ()
poee; o The direction of motion of A 12
A )m B ( )3m reversed,
1-.'| - - Illj,'
Conservation of momentum.
B = —Bvy + S -
=3y — vy (1
2 =ik (2) — | Mewton's Law of Restitution.
M+(2) wllds) =4dv,
Vg = i—lu(l+e)
MTaing (23
1
£14 =vﬂ+zu(1+e)
1
v, = EH(BQ -1
b

L gy

V-
31
V—H}{zu(1+e} -
3
= Eu(]+e)

For a second collision
Fev,

3 1
%(He} > zu(Ge=1)
3432 21204

w43
with 2=3.

Mewton's Law of Eestitution

& must mowe faster than A.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 13

Question:

A particle F of'mass m 15 moving with speed 3 in a straight line on a smooth
horizontal plane. Tt collides with another particle (0 of mass 2m which 1s mowing with
speed 2u along the same straight line but in the opposite direction. The coefficient of
restitution between P and 15 2. The magnitude of the unpulse given to each particle
during the collizion is Smen, and both & and & have their directions of motion reversed
by the collision.

a Show that e = %

b Calculate the lossz of kinetic energy due to the collision

Solution:
a
= 3u 21 -

- Pl )m g ) 2m -

K Yo N b

dmit i

Vp = Vo

For P
Impulse = change of momentum ,

Swme = wrvp — m(—3u) e — )
but watch signs.

Vp = 21
For (&

Sy = 2w — 2ml—2)
vy = %u
e(3u+2u) = vp+vy

1
Jeu = Zu Tsu +— INewton's Law of Restitution.
1
3
g = iy
b Lossof EE
s 2.1 a1 2,1 .2
—jm@uj T e (2ag) (jm(&;) et 2??3)((5} )
oD 2 Dl 2 m®
= S + A {2»@: +TJ
4
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2 Review Exercise
Exercise A, Question 18

Question:

A smooth sphere P of mass 2me 15 moving in a straight line with speed & on a smooth
hoerizontal table, Another smoaoth sphere O of mass »2 12 at rest on the table. The

sphere P collides directly with (. The coefficient of restitution between & and O is % ;
The spheres are modelled as particles.

a Show that, immediately after the collision, the speeds of & and (0 are gu and gu

respectively.

After the collision, ( strikes a fized wertical wall which iz perpendicular to the
direction of motion of P and (. The coefficient of restitution between (& and the wall
1z 2. When P and & collide again, F iz brought to rest.

b  Find the value of e.

¢ Ezxplain why there must be a third collision between F and O

Solution:
a
- i = ()
P \_\ 2m O _\ m
> Vp —= vy
2w = Zravp Iy + Conservation of momentum.
2u = 2vp vy ih
1
=y, —y (20 e —
3 B e Mewton's Law of Bestitution.
2
iTi+2% (E)T = vg+2vg
_ Bu
BVQ = ?
_ Bu
Vo
Tsing (2)
1
Vp =Vp 3l
Bl
Ve =gl
S
VP = E
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T

V- wrall

Mewton's Law of Eestitution.

1

Here, ¢ = again.

L

= () - W

Su Zue
EMK?—MKT— B

-—

Conservation of momenturm.

105 — e = Sw (=)

)T

39 ]

Hewton's Law of Eestitution.

3
Su4Bue = 27w (4
Eliminating w between (3) and (43

30100 — Bue) = 5w+ Bue
30— 2due = Su 4 Bue
3e = 20u
25

Vi
¢ (i3 now moving towards the wall once
more,
After O hits the wall, it will return to collide

with P once more.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 19

Question:

Two small smooth spheres, P and & of equal radius, have masses 2 and 3m
respectively. The sphere P 15 moving with speed Du on a smooth horizontal table
when it collides directly with () which is at rest on the table. The coefficient of
restitution between P and iz 2,

a Show that the speed of { immediately after the collision 1z 2014+ &) .

After the collizion, (& hits a emooth vertical wall which iz at the edge of the table and

perpendicular to the direction of motion of O The coefficient of restitution between
Fandthe wallis f, 0< F=1

b Show that, when e =04 there 12 a second collision between & and O
Giiven that e =08 and there 15 a second collision between P and (2,

¢ find the range of possible walues of £

Solution:

PhysicsAndMathsTutor.com
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Conservation of momentum.

Hewton's Law of Eestitution.

a
= S = ()
P i._ \ 2m ) / \ Im
= Vp — Vg
2m ¥ ou = 2mvy + 3y, ——————
10: = 2vy+ 3, (]
ex i =vy vy (2 -——
D+3x(2):
10 + 1501 = 3w, +2v,
108 +15e1 = 5w,
Vp = du+3en=2(1+e)u
h From {2}

Vp =V, — Deu

= 2{1+eiu — Seu

Find direction of motion for F, as if
Fis mowving towards the wall there
must be a second collision between

Pand O

v = 2 1du — 5% 0. dy

= 0.5 S

g=104 1nh.

vy = 00 F moves towards the wall and will

collide with O after O rebounds from the
wall.

g =103
vy = 2x¥1 80— 5M0 8u
= —0 4u
{2 hits the wall:

2x1.8u
— -

g=1028

—

4] :'\_ ___j

Mewton's Law of Eestitution.

V- wall
v="71 bnf

0.4 u—= 3.6 uf =

For a second collision

36uf = 04u
04 1
236709

Range forfiS/
1
g—ﬂ:fﬂ_il

All coefficients of restitution are
lezs than or equal to 1.

PhysicsAndMathsTutor.com

Page2 of 3



Heinemann Solutionbank: Mechanics 2 Page3 of 3

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 3

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 20

Question:

A particle A of mass 2m, moving with speed 2u 1in a straight line on a smooth
horizontal table, collides with a particle 5 of mass 3m, moving with speed u in the
same direction as 4. The coefficient of restitution between 4 and B iz &

a =chow that the speed of B after the collision is
2u(7+22).
b Find the speed of A after the collision, in terms of u and 2.

The speed of 4 after the collision 13 %u .

¢ chow that e = %

Atthe instant of collision, A and B are at a distance & from a vertical barrier fized to
the surface at right-angles to their direction of motion Given that B hits the barrier,

and that the coefficient of restitution between & and the barrier s % :

d find the distance of 4 from the barrier at the instant that & hits the barrier,

e show that, after & rebounds from the barrier, it collides with 4 again at a distance

%d from the barrier.

Solution:
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a
= 2 - 1y
A _\ 2m B () 3m
r 1‘.1 - 1'!_7
2R e+ 3mkn = Zenvg + Servy, " Conservation of momentum.
T = 2vy + 3wy (1
e(lu—1u) =v,—v M ety
5o Mewton's Law of Bestitution
U = Vp—Vy (23
D+ 2% ()
T+ Zew = 3vy+ 2vy
vy = zu(7+2)
h  Using (23
V=V —eu
= %u{?+2e}—eu
)
= Eu(? 38

c %uf?—Be) =l

o
141 —beze = 11w
bet = 3 é'=1§
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d Forf:
Distance to barier =d
1
Speed=%u(7+l)=%u Tsze g =5 now.
o Time to barnier =4 L8 _5d
o 2u

Distance moved by 4 in this time:

1 3Y o
- -2

5 2 =,
_ ollu 54 11d
52 Bu 16
oA A —E=E from the barrier.
16 16

e After B hits the barrier:
speed of B =%)<8—u—11u

T
lu bz
10 10
A g
A L B L

Equal speeds, opposite directions.

A and B owill collide at mid-point of the
distance from A to the barrier at the instant &
hits the barrier, 1.e. they collide at distance

% from the barrier.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 21

Question:

A

The diagram shows a uniform heavy plank of wood A5, of mass s, whose lower end

A s resting on rough horizontal ground and whose upper end 5 s resting against a

rough vertical wall. The coefficient of fiiction between the plank and the ground and
2

ketween the plank and the wall is 7

The plank 15 about to slip at both ends.

a ~uggest a suitable model for the plank so that the forces exerted on it by the
ground and the wall can be found.

b Show that the horizontal component of the force exerted by the wall on the plank
frmg
iz

18

Solution:

PhysicsAndMathsTutor.com
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a uniform rod

h
(=) A=5H

At the ground A =%Rl
2

LR =2R

RN A+R=mg

'

Friction 15 limiting.

F' Y

Atthewall F=1R,

Friction 15 limiting.

By e
--ng"'jRg =mg

‘\

13
ng =g

Substitute for &, and & in
F,+ R =mg

_a
Rg—ﬁmg

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 22

Question:

A uniform rod, of mass w2, rests with one end A against arough vertic al wall and the
other end B on arough horizontal floor. The vertical plane through the rod iz
perpendicular to the wall. The coefficient of friction between the wall and the rod iz
L. The coefficient of friction between the floor and the rod 15 L. Giventhat 9 1z

the inclination of the rod to the floor when the rod 1z on the point of slipping, show
that

2pgtand =1—ppy,.

Solution:
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A F
K, = 1 A Let AB=2I
-
LA
P4
d
Ry A ///
f/
//
A
B Faooy
mg
A=wf FE=ur = The rod must be on the point of

slipping at both ends.

M(E) mglcosd = A dcosd +H X2 sind
mgcosd =2 EBcosd +2Kand (1)

R':’h M+R, =mg 4 Eesolwing will not use the angle 8.

mi+R, =mg (2

R(=) F, =R
LR =LA (3

From (2) and (3) By 15 needed to substitute in
By = py(mg — LR f’//)

equation (1)

B4y} = pomg

_ g
e r——
(14 L)

Substitute 1in (1)
mgcosd = Eglcosﬂxﬂ

(14 L)

+25in g 78 —
(14 i) Cancel g and divide by cosd
2ih 1y +2tan8><,u.2 using Sme=tanﬂ.

Cos

1+ 1+
(g (Lhs) K 1g needed to substitute in

I+ iy =2y, + 20, tan 8

equation {17,
2pptan @ =1—

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 23

Question:

6a

e
.

x\x

]
. B
L f

Ha -

A ouniform rod A8, of length Ba and weight W, iz free to rotate in a vertical plane
about a smooth pivet at A, One end of a light inextensible string is attached to B The
other end ig attached to point C which iz wertically above A, with AC =6a . The rod
1z 10 equilibrium with A5 horizontal, as shown in the diagram.

a Bytaking moments about A, or otherwize, show that the tension in the string is
5
EW'

b Calculate the magnitude of the horizontal component of the force exerted by the
pivot on the rod

Solution:

PhysicsAndMathsTutor.com
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{-' -\\‘\___‘
6ba ‘\‘*m.‘
| 4 H'\H"\“--‘
all 4a a Of~ p

a Mi{d) Tandxda=F xda

BE =104 508 =§ <

Txix8 = 4w
L
&
b Ei—) X ="Tcosd
5 4
X=_w><_
6 5
|
X—gW

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 24

Question:

A B

l m
A uniform rod A5 has mass 2m and length @ The end A4 1z smoothly hinged at a fized
point. A particle of mass a2 15 suspended from the rod at the end 5 The lvaded rod 15

held in equilibrium in a horizontal position by a light string, one end of which 15
attached to the rod at B, the other end being fized to a point & vertically abowe A, as

shown in the diagram. The string makes an angle of 30° with the herizontal.
a Show that the tension in the string 15 dmeg.
b Find the magnitude of the force exerted by the hinge on the rod at 4.

Solution:
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cl
}r JL S e .-.--...--. ]I
"--\.-..
X o
A - | f[} 1
' Y
2 mg :

a M) 2mg %+mga = Tasin 30" *———— Taking moments about 4 gives
at equation without X or ¥

2mg =T}<%
T=dmg

b R(TY ¥ +Tsin30° = 2mg +mg
I = 3mg — dmgsin 307

r =3mg—4mg><1§
I =mg

E(—=) X =Tcos30

Wil
X =dmgw =
Hg@a TTze the exact wvalue of coz30° for
X = 2mg\-’§ an exact final answer.
Eesultant = A 1+|:2«jr§]|2 ]mg
= mg~i13

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 25

Question:

A

A uniform rod AF of mass sz and length 24 15 smoothly hinged to a vertical wall at A
atd ig supported in equilibrium by a rope which iz modelled as a light string One end
of the rope iz attached to the end B of the rod and the other end iz attached to a point

' of the wall, where O 1z vertically abowe A, AT =CF | and £ CAF =30", as shown
in the diagram.

a Show that the tension in the rope 15 0 Semeg.
h  Find the magnitude of the vertical component of the force acting on the rod at A.

¢ Ifthe rope were not modelled as a light string, state how this would affect the
tension throughout the rope.

Solution:
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—
™~
%

L

& N
P

a MA mgasn30® =T % 2asn 30°

2T = mg
T =10.25mg

b E(TY ¥ =mg+Tcosblr
_ 1 1
r = g+ mg K

¥y ="
4

¢ The tenzsion would not be constant

throughout the length of the string,

© Pearson Education Ltd 2C
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Taking moments about A gives
an equation in which the only
unknown is 7T
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2 Review Exercise
Exercise A, Question 26

Question:

A uniform ladder AB, of mass m and length 2a, has one end A on rough horizontal
ground. The coefficient of friction between the ladder and the ground 15 0.6, The
other end & of the ladder restz against a smooth vertical wall,

A builder of mass 10 stands at the top of the ladder. To prevent the ladder from
slipping, the builder's fiiend pushes the bottom of the ladder horizontally towards the
wall with a force of magnitude £ This force acts in a direction perpendicular to the
wall. The ladder rests in equilibrium in a vertical plane perpendicular to the wall and

tnakes an angle of with the horizontal, where tan o =% .

a 3show that the reaction of the wall on the ladder has magnitude Temg.

b Find, in terms of #2 and g, the range of values of P for which the ladder remains in
equilibrium.

Solution:

PhysicsAndMathsTutor.com
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XNat—oun

i
Y 10 myge

i

= 2

mg

g —
I“ F -
F+P

a M) XZasing =10mg ¥ dacoss+mg ¥ acos

25 tan oo = 20mg +mg LN

2}{}{% = 2mg +mg

X =2lmg
A =lmg
b BT R =10mg +mg =1lmg
R(—) F+P =X
P=X-F

F iz minimum when 7 acts towards the wall
and has ite mazimum magnitude,

F=nHE=06x1lmg =6 bmg
LB = mg - Gbmg
=0 dwmg

Fis maximum when F actz away from the
wall and has its mazimum magnitude.

By =Timg — (~6.6mg)
=13 émg
S 0dmg = P13 6mg

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 27

Question:

A piece of equipment used in an acrobatic show consists of a smooth cylinder which
iz fized, with itz axis herizontal, to a rough herizontal plane. A plank, which iz
modelled as a uniform rod AZD of tmass s and length da, rests in equilibrium on the
cylinder at the point O, where AC =3a.

The end A of the plank restz on the plane and A5 makes an angle of 30° with the
horizontal, as shown in the diagram. The points A, 5 and O lie in a vertical plane
which iz perpendicular to the axis of the cylinder.

a Find the magnitude of the force exerted on the plank by the cylinder at the point
.

Given that the plank is in limiting equilibrium and that the coefficient of friction
between the plank and the plane 15 L,

b show that p,=%-\."§.

Solution:
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5
h
R \ .
{n'. =
7\
2a __ | |
P .-*:\:"';1 ]' .\\,. /,"
\ F
Y
mg

a M(4) Sx3a

meg W 2 cos 307 +————— Take moments about A for an

equation without R and &

Friction iz limiting.

3y = 2mg><§
s B
&= g —
b F o= uR |
EM R = mg—~Scossll
e T
R = myg Mg =X =
” B
R = mg o Mg == Mg
Ei—) F = Sces6ld”
- W31
&5 = #E =X
BEE B Sh. 3
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2 Review Exercise
Exercise A, Question 28

Question:

A non-uniform ladder AS, of length 4a and weight W, has its centre of mass ata
distance @ from 5 The ladder rests with 4 against a rough vertical wall and with its
lower end B on smooth horizontal ground.

The coefficient of friction between the wall and the ladder 1z 1 The ladderisin a

vertical plane perpendicular to the wall and makes an angle o with the horizontal
where tan & = 2. A man can just prevent the ladder from slipping dewn by applying a
horizontal force of magnitude F, perpendicular to the wall, at B The ladder iz
modelled az a non-uniform rod

a Draw a diagram showing all the forces acting on the ladder

b Find an expression for Pinterms of Wand 4.

Solution:
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a
A\ F
R = = A —
e taney =2
- o
Ja -~
¥ ,»/
a_ '
P LA
B
L
W
b
WAy WxBacosat+ Prdasina =F xdacosa
AV +4FPtana = 47 < Divide by cos o and use
AW +EF = 4F (1) o g= sina
E(— P = R (2 RO
EM F4+Y = W &
Fo= pR (4 = Friction is limiting.

TTzing (3 and (4)
YF=W-uR
TTzing this in (1)

W 4P = 4 —uR)
and since” = K {from (2))
AW HEF = 4 —ul

SFHERP = AW —4upF
FPAu+d = W
pr = P
448
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2 Review Exercise
Exercise A, Question 29

Question:

A straight log AF has weight Wand length 2e. & cable 15 attached to one end & of the
log. The cable lifts the end B off the ground The end A remains in contact with the
ground, which is rough and herizontal. The log is in limiting equilibrivm. The log

takes an angle & to the horizontal, where tan o =%. The cable makes an angle B

to the horizontal, as shown in the diagram. The coefficient of friction between the log
and the ground iz 0.6 The log is modelled as a uniform rod and the cable as light

a Show that the normal reaction on the log at 4 i3 %W
b Find the value of 5.

The tension in the cable 15 L3
¢ Find the value of .

Solution:
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Divide by cos o as the value of

a
M{E) Rxlacosae + Fxiasine ¢+————— Tis not wanted.
= Wxacoso
2R+ Z2Ftan o = ¥ -— |
ER—G—EFX% = W tan & 1z known.
2R+1F = W
F=puR = 068 *—— TFriction is limiting.
L2R+IX06R = W
258 = ¥
g = H_H
2.5 5
b

E(—=) ToosfB=F
As F=06R and R=2W

5
Teos§ = 06x2W
6
Trosd = EW oy
R(T) Tsinf+R = W
Tsnf = W—2w
Teng = %W (2)
DL e _ e
Fross ] &
_ 5
tan /3 = i5
g = 637

T = %W:—sin £3.2

= 0&4EH
ko= 0646
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2 Review Exercise
Exercise A, Question 30

Question:

A uniform ladder AF, of mass 2 and length 2, has one end A on rough horizontal
ground. The other end B rests against a smooth wvertical wall. The ladder 15 in a
vertical plane perpendicular to the wall. The ladder makes an angle o with the

horizontal, where tan o =%1 A child of mass 2 stands on the ladder at & where
AT = %a . as shown in the diagram. The ladder and the child are in equilibrinm.

By modelling the ladder as arod and the child as a particle, calculate the least
possible value of the coefficient of friction between the ladder and the ground

Solution:
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2B

J

2mg mg

M(A)

2mgx%acosa+mg><acosa=){>< Zarsin o

mg + g

2mg

X
R X
R
R(—) F

|
[

[
[

_ 4
tana—§

2Xtan o

_ 4
= 2X><§

_ 3
3'"e

I
“ b

W

¥ Smg

I

Divide by cos o and use

St ok
tan =

COSCE

Page2 of 2

The least value of U 15 i_l
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2 Review Exercise
Exercise A, Question 31

Question:

A uniform ladder, of weight W and length 2a, rests in equilibrivm with one end 4 on
a stooth herizontal floor and the other end & on a rough wettical wall. The ladder 1z
in a wertical plane perpendicular to the wall. The coefficient of friction between the
wall and the ladder 15 L. The ladder makes an angle 8 with the floor, where

tan 8 =2 A horizontal light inextensible string CD) iz attached to the ladder at the
point O, where AC = %a . The string 1z attached to the wall at the point D, with 20

vertical, as shown in the diagram. The tension in the string is %W By modelling the
ladder as a rod,

a findthe magnitude of the force of the floor on the ladder,
b showthat Q22 %

c State how you have used the modelling assumption that the ladder 15 a rod.

Solution:
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:y tan 8 =12

1 (/]I- .U
'

a M(E) Sx2acozd “

Taking moments about 5 gives
an eruation with 5 the only

= %Wx%asinﬁ'—!—ﬁ’xacosﬁ' unknown guantity.
U 7.
28 = EWtanﬁ'-i—W - Divide by cos? and use
28 = Fiw sinf _ g
¢ - W ey }
N
tand =2
b R(—) R = %W
R() F+8 = W
_ o T 1
F =W s §W
Foo= uR
1 1
EW = szlu.
1
SE s

¢ The ladder will be straight.
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2 Review Exercise
Exercise A, Question 32

Question:

& uniform ladder AR, of mass 10kg and length 4 m, rests in equilibrium with the end
A onrough hoerizontal ground. The end B of the ladder rests against a stooth vertical

wall, the ladder being in a vertical plane perpendicular to the wall The coefficient of

friction between the ladder and the ground iz % . The ladder iz inclined at an angle &

to the horizontal, where tan 8 =2 . & man of mass 80 g stands on the ladder at a point
which is a distance x metres from 4.

Find the range of possible values of x.

Solution:
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5 - A8
>4
2m / 1
| e =§
/ g=2
tan £ =
R v
W 2m/
Vg
//
/"’i]'q .
A F Y v8¢

lﬂg

MiA) 10g=xZeosf+B0grcosf =S xdsnf

20g +80gx = 45tand -
20g +80gx = BY

Divide by cosd and use tand =

sin g

cosd

tand =2

ED R
R = 90g
Ri—) F = &
" F = L(20g+80gx)

For equilibrium

F o=

F = X

3

".5(20g +80gx) < 5x90g

2

11

4

x must be positive {or Zero)
11

e B Bt i ot
..U_x_4

1
g%

[

X

[

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Mechanics 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 33

Question:

A uniform ladder, of mass A and length 5 m, has one end on rough horizontal ground
with the other end placed against a smooth vertical wall. The coefficient of friction
between the ladder and the ground 15 0.3, The highest point of the wall 15 higher than
the highest point on the ladder. Given that the top of the ladder 13 4 m vertically above
the level ofthe ground,

a show that the ladder cannot remain in equilibrium in this pesition.

A brick 1z placed on the bottom rung of the ladder in order to enable it to stay in
equilibrium in the position described above. Assuming that the brick 13 at the very
bottotn of the ladder and does not touch the ground,

b show that the horizontal frictional force exerted on the ladder by the ground 1=
independent of the mass of the brick.

¢ Find, in terms of M, the smallest mass of the briclk which will enable the ladder to
remain in equilibrinm.

The ladder, without the brick, 1z now extended so that the top of the ladder 1z higher
than the top of'the wall.

d Draw a diagram showing the forces acting on the ladder in this sttuation

Solution:
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a
§=-—B
/ u=0z
23 m/
r
.1/ -
4m W4
2.5 m//
Bkt 3
L6 1 .
A F ¢
L
Assume equilibrium:
M{E) Ex3 = Mgxli+Fx=4
KM & = Mg
SAF = 3Me—15Mg
F = gMg= 0.375Mg
but u=10.2
- mazimum possible friction force
=03E=03Mg
- Equilibrium 12 not possible.
b
- ;H
/
4
2.5m/
i
.-jx
f/ 4 m
25m/
/Y
R-l f‘_f |'I|’f_|'{
I-x.-" i ,_..__
A 3Im
T
Hf\i{
LAY 47 = 1.5Mg
E{— T = F
. _ 15 _ 3
o = TMg —EMg

. independent of mass of brick.
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a

c R(T) R=Mg+mg
For equilibrium

Fo= uR
EEMg < 0.3(Mg +mg)
03750 < 030 +05m
00750 < 03m
- D'O?5M=U.25M
The smallest mass of the brick 1s %M
d N
iI \ ///
///
J"//
//
R s
7
s ]
\j
Mg
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2 Review Exercise
Exercise A, Question 34

Question:

A - 1.2 m =

A trap door 13 propped open at 607 to the horizontal by a pole. The trap door 15
modelled az a uniform rod A8, of mass 10 kg and length 1.2 m, stnoothly hinged at 4.
The pole iz modelled as a light rod BT, smoothly hinged to AZ at £ The points A and
' are at the same horizontal level, AT =1.2m and the plane ABC iz vertical, as
shown in the diagram.

Find, to 3 significant figures,
a the thrust in BC,
h  the magnitude of the force acting on the rod A8 at 4.

Solution:
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B
.-f:‘ \‘.. \-\.
.’__.f x‘ I

1.2 m );’ .\x“.
Y Iy d \x\.\
T / B

",I' Y
|j,f‘~'-. 60° \

At (
X 1.2m
v

10 g

M(A) Tx1.2cos30°

il
1.2c0s30°
T = 2B2%_.
i = 83N |

b R F4+Tces30® = 10g
¥ = 10x9%8— 28 28ces30°
¥ = 7330
Ri— X = Trossl”
= 14145

Wlagnitude of resultant

J(73.50° +14.145%)
74.84
748N
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Eeep arecord of Tto
at least 4 significant
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2 Review Exercise
Exercise A, Question 35

Question:
- im >
«—(}1.5 m-»
A B
D
307
C

A uniform pole A5, of mass 30 kg and length 3 m, 15 smoothly hinged to a vertical
wall at one end A. The pole 15 held in equilibrium in a horizontal position by a light
rod 0 Cne end C of the rod 15 fixed to the wall vertically below 4. The other end D
1z freely jointed to the pole so that ZACD =30 and AD=025m, as shown in the
diagram. Find

a the thrust in the rod OO0,

b the magnitude of the force exerted by the wall on the pole at A

The rod C'2 15 removed and replaced by a longer light rod CAf, where M 1z the
midpoint of A8 The rod is freely jointed to the pole at M The pole A5 remains in
equilibrium in a horizontal position.

¢ chow that the force exerted by the wall on the pole at A now acts horizontally.

Solution:
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1.‘
A
Al 05m I m 1.5m
‘1{ - . - =
S D
AT
307
~
C Y
30 ¢
a M{A

B

Tx0ocos30" = 30gxl5 =

T - A0x 9 Bx1.5
0.5 cos =0

T = 1018

T = 1020H

b E(T) F4Tcos30" = 30g
Y = 30g—Tcos30"

Y = =55lé
E{— & = Tcozbl’
= 5092

Magnitude of resultant

1j(ﬁog.f +(=587.6))

= THL=TIEN
C
R
G M
Ar A B
T // 4
//
// \
c £ g

Consider the moments of the forces about AL

Moementof T = 0
Woment of 30g = 0

Take moments about 4 to
get an equation with T as
the only unknows,

=o, for equilibrium, the moment of & must be zero,
Hence R must pass through M and so 12 horizontal
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2 Review Exercise
Exercise A, Question 36

Question:

A uniform ladder rests with its lower end on a rough horizontal path and its upper end
against a stnooth vertical wall. The ladder rests in a vertical plane perpendicular to the
wall. & woman stands on the top of this ladder, and the ladder 15 in limiting
equilibrium. The weight of the woman iz twice the weight of the ladder, and the
coefficient of fiiction between the path and the ladder i= % By modelling the ladder
as auniform rod and the woman as a particle, find, to the nearest degree, the angle

between the ladder and the horizontal.

Solution:
ik - 5
2W N p=r s :
WY N\ 12 Ladder iz uniform, so let its
B AR length ke 24
\J
"IN
- {
F B
Y
W

R() R = 2W+W=3W

F = uR :%x W Friction 15 limiting,
F =2w
3
M4
Wxlcos@+Fx2isint = Rx2lcost «————— <15 notknown and not needed.
Weos8+3Wx2sing = 3Wx2cosf
W—F%Wtan g = gF = Diwide by cos@ and use
tan = sind
Jtanf = 5 i e
tanf = 2
g = 634..
8 = éF(nearect degree)
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2 Review Exercise
Exercise A, Question 37

Question:

A uniformrod A8, of length 22 and weight W, 1z hinged to a vertical post at A and 1z

supported 1n a horizontal position by a string attached to & and to a point & vertically
above A, where ~ABCT =8,

A load of weight 20 15 hung from &

Find the tension in the string and the horizontal and vertical resolved parts of the
force exerted by the hinge on the rod.

=howr that, if the reaction of the hinge at A is at right angles to 5C, then

AT =2aa5

Solution:
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C
e B
Vi T
4 Y a a B
T T
W 2w
Midy Tw2asind = Wxad2Wx2a
cTsin @ = Wand & were both given in the
T _ oW / gquestion and are therefore acceptable
Dein O in the answer.
By ¥4+7and = W42W
vy = -2
W
=3
Ei— X = Trcosd
A = —— ¥ oz f
2ein
¥ - SW
2tan &
Ck
~.D
HJ‘/ et e T'
rd ‘H,‘
/ 8™~
A a l a B
A
W 2W
When & iz perpendicular to BC
LCAD =8,
V= E
£ 2 ‘ //)
4
J :’?//
.// - ., . 51-1'
~ 2tan @
S
s 2tang — 0 ;
tanf = VW g TTzing the components of
I Rto find ACAD.
tan’@ = 5
tand = \E
AT = 2atand ——Using AACE.
A = 2avp
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2 Review Exercise
Exercise A, Question 38

Question:

607

A uniform rod AF of mass me rests in equilibrium with 4 in contact with a rough
vertical wall. The coefficient of friction between the rod and the wall 1z 1. A light

string 15 attached to B and to a point O of the wall, where O 15 vertically above 4. The

plane ABC iz perpendicular to the wall, 5C = 84 and ZACE =607, as shown in the
diagram.

a =how that the tension in the string iz %mg.

b Show that p= 3.

Solution:
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mg

a M4 Tx2lanél® = mgxiantld®
27 = mg

_ 1
T = gmg

b E F+4Tcostd® = mg

AARC 18 equilateral

final answer.

TTze the exact wvalue for an exact

Equilibrium condition

o= mg—%mgcosﬁﬂ"
F = mg—%mgx%
F o= %mg

E(—) R = Tcoos3l
R = %mgx% o
R = mgg

F = puR 4

smg < Mgg
il %
TN
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2 Review Exercise
Exercise A, Question 39

Question:

A smooth horizontal rail 1s fixed at a height of 3 m above a horizontal playground
whose surface 15 rough. A straight uniform pole AS, of mass 20 kg and length & m, 15
placed to rest at a point & on the rail with the end A on the playground. The wertical
plane containing the pole 15 at right angles to the rail. The distance AC 15 5 m and the
pole rests in limiting equilibrium as shown in the diagram. Calculate

a the magnitude of the force exerted by the rail on the pole, giving your answer to
the nearest I,

b the coefficient of friction between the pole and the playground, giving your
anzwer to 2 decimal places,

¢ the magnitude of the force exerted by the playground on the pole giving your
answer to the nearest M.

Solution:
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’:m; i Im 4
19 T AACD i5a(3,4,5) A
¢ - D 1zai3, 4,0 A
20g
a M4 ¥ = Z20gx3cosd
55 = zogx3x§
55 = d8g
o 48 9.8
5
5 = 9408
S8 = MN
h E{(— F = XSsin#d
F o= 9408x]
F o= 56448 44— Feep extra figures for intermediate

answers (or use the memory function
S0g of your calculator),

E E+Scosf

R = 20x9.8—94.08x3
R o= 12074
F = uR = Friction 15 limiting.
T o= F 56448
R 12074
po= 0467
o= 0472dp)
¢ Mlagnitude of force
= J(12074* 4 56 445%)
= 1332
= 132 M inearest I
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2 Review Exercise
Exercise A, Question 40

Question:

A pole of mass s and length 22 15 used to display a light banner. The pole 13
modelled as a uniform rod AS, freely hinged to a vertical wall at the point A, It 1z held
i a horizontal position by a light wire. One end of the wire 12 attached to the end & of
the rod and the other end iz attached to the wall at a point O which 1z vertically

above A such that ~ABC 13 8, where tan 9= % , az show in the diagram.

» 2a "

a Show that the tension in the wire is

Zeind

b Find, in terms of s and g, the magnitude of the force exerted by the wall on the
rod at A

¢ =tate, briefly, where in your calculation you have used the modelling assumption
that the pole 1z arod.

Solution:
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C
e - tanﬁ'=l2
Yi o |
AR T . | ﬂ' B
X
)
mg
a M{A) TxZasinf = mgxa «—— |Take moments about 4 for an
g equation with 7 as the only unknown
= 5 sin B fuantity.
b EM F4T:unf = mg
¥ o= mg——25 sing
2sin
_ 1
¥ = > g
Ei—) X = Trcoszd
A = P?.zg R — cind
2aind tan 8 =
cosd
48 4= nge — e
tan
t\‘ 1
. tan ! ==
Magnitude of resultant 4
1
= Gy +cmer]

g

\/&T}ng=mg7

¢ Inthe moments equation.
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