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Further kinematics
Exercise A, Question 1

Question:

A particle P 1s moving in a straight line. Initially & 15 mowing through a point & with

speed 4 m s, At time £ seconds after passing through O the acceleration of F is

2 s in the direction OF. Find the welocity of the particle at time £ seconds.

Solution:

o= JAad£=J‘36_Umdi

=-12"% + 4
When i =0,v=4
d=-12+4=4=18
v =16-12¢0%*

The velocity of the particle at time ¢ seconds is (16 —-12e*)m g1

111 3
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Further kinematics
Exercise A, Question 2

Question:

A particle P iz moving along the x-axiz in the direction of x increasing. At time
¢ seconds, the velocity of Pis (fsinfim s~ When £ =0, P is at the origin. Show that

when z=g,Pis 1 metre from &

Solution:

x=J‘vd£=J:‘.sinﬁdi

Taing integration by parts
x=—frcosi +I cost di

= —icosi+ani+ A
t=0,x=0
When 0=0+0+A4A= A=10

x=—fcosti+sni

‘-Hhenz=£
2

w xF . 0w
r=——cos—+sn—=1
2 2 2

Hence F iz one metre from O, as required.
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Further kinematics
Exercise A, Question 3

Question:

At time ¢ seconds the velocity, vm 57, of a particle moving in a straight line is given

by v= (20

342"
"When £ =0, the particle 15 at a point A When £ =73, the particle 13 at the point B,

Find the distance between A and 5.

Solution:

4
g= jv df = Iﬁ dt = 21n(3+ 26 )+ C where 5 is the displacement from point A,
+

TWhen f=05=10
R o
& = 20n(3+ 20— 21In 3= 21n[3+2£]
When £ =3
g 21n[3+6]=21n3
3
AR =2ln3m
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Further kinematics
Exercise A, Question 4

Question:

A particle P 1s moving along the x-axiz in the postive direction &t time £ seconds the
1

acceleration of P is 4e? m ¢ inthe positive direction. When £ =0, Pis at rest. Find

the distance F moves inthe interval 0= < 2. Give your answer to 3 significant
figures.

Solution:

1 1
v=ja m=!4e§’ d=%7 + 4

When ¢ =0v=10
D=8+4d= A=-8
1
v=8&§!—8

The distance moved in the interval 02222 is given by
o1
s=jvd£=j 8&51—8
0
1
=|:1633 —85} =(16e' - 16)-16
o

=l6e—32=112
The distance moved 15 11.5m (3 5.,
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Further kinematics
Exercise A, Question 5

Question:

A particle P iz moving along the x-axiz. At titne # zeconds the displacement of P from
1z xm and the velocity of P iz (dcos3im s ). both measured in the direction Ox.
When £=10 the particle P iz at the origin & Find

. . Fig
a the magnitude of the acceleration when § = —|,

12
b xinterms off,
¢ the smallest positive value of ¢ for which F i1z at O

Solution:
a cx=d—v=—12sin3.t
ds
When = S
12

T, Y
4 § 2

The magnitude of the acceleration when 1=" e 6 2m s

b x=jv&=j4cosﬁdf. =%sin3.§+ﬂ

t=0,x=0
4
When D=§x 0+A= A4=0
x=isin3.t
3

¢ WhenPisatd, x=10
x=%sin3§ =0=ran3=10
The smallest posttive value of £ 15 given by

t=n=t=2
3
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Further kinematics
Exercise A, Question 6

Question:

A particle P iz moving along a straight line. Initially P is at rest. At time ¢ seconds P

-2

: i :
has welocity vim s7 and acceleration @ m = where

i}
i 2+£:'I |

Find v in terms of £,

Solution:

v=!a&=jiﬂdi
(244
i

Let =2 +£° then — = 2¢
di

v=J. &ggdf=j 322)(25&‘,
(247 (2487

When ¢ =0v=10

2 2

3

3
M e
2 2+f
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Further kinematics
Exercise A, Question 7

Question:

A particle P is moving along the x-axis. At time ¢ seconds the velocity of P is vm 5™

in the direction of x increasing, where
4, D3

¥= 3

¥

S— a=tsh

When £ =0, Fis at the origin O
a Sketch a velocity—titne graph to illustrate the motion of P in the interval 0= &,
b Find the distance of F from O when =4

Solution:

2 y(msNy

4.5
4

0 3 6 1(s)

b The distance movwed in the first three seconds is represented by the area

labelled O,

Let thiz areabe 4. 4 =3x4=12
The distance travelled in the next three seconds is represented by the area labelled

@
Let thiz areabe A4,

e [[r2)

=[5-3In], = (30-31n6)— (15-3In3)

—15 3n 2
The distance of P from & when £ =6 12 [124+15-3n)m =(27-3ln 2)m .
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Further kinematics
Exercise A, Question 8

Question:

. . o . . . . 1 B .
A particle P 15 moving in a straight line with acceleration [sm Ez ]m s™ attime

£ seconds, § 20, The particle iz initially atrest at a point & Find
a the speed of P when ¢ =2,

b the distance of F from & when I=g.

Solution:

a v=jadi=!sin%ﬁdi=—2cos%é+ﬂ

When i =0v=10
0=-2+4= A=2

v=2—2coslf
2

When § =27
v=2-Z2cesm=2—-({2x-11=4
The speed of Pwhen (=27 is 4m s

1 1
b x=!vd£=J[2—2cos§£]di=2£—4sin§£+3

When i =0,x=0
D=0-0+8=5=0

x=2£—4sinl£
2
‘-Hhenf.=£
2
X=2X£—4Sin£=ﬂ'—4xi=ﬂ—2”ﬂ[2
4 2

The distance of P from & when ¢ =% g (r—2¥2Im.
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Further kinematics
Exercise A, Question 9

Question:

L particle F is moving along the x-axis. At time ¢ seconds P has velocity vm 5™ in the

0.2t

. . . . . . iy . .
direction x increasing and an acceleration of magnitude 4e™ m 2™ in the direction x

decreasing When £ =0, P is moving through the origin with velocity 20ms™ in the
direction x increasing. Find

a vinterms of'f,

b the maximum value of x attained by P during its motion,

Solution:

Ja dt = I— 46" dr =—20e"* + A

a v=
When f=0,v=20
20 =20+ A= A=40
v=40-20"*

b x= jv de = j(40 —20e™y df = 40¢ — 100" + B

When f=0,x=0
0=0-100+2= =100
x =40 =100 +100

The mazimum wvalue of x occurs when

E=v=40—20e”-2’=0
de

ED.E!‘ — 2
D2t=In2
i=3ln2

The mazimum value of x 15 given by

x=40x%51n 2—-100x 2 +100=2001n 2100

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Further kinematics
Exercise A, Question 10

Question:

A ocar iz travelling along a straight road. As it passes a sign S, the driver applies the
brakes The car is modelled as a particle. Attime ¢ seconds the car is x m from 5 and

its velocity, vm 57, is modelled by the equation v= where ¢ and o are

c+df
constants.

Given that when £ =0, the speed of the car 1z 40m 5™ and its deceleration is
0.5m s, find

a the value of ¢ and the value of d,
b xinterms of £

Solution:
3200
j:'l =7
o+t
When f=0,v=40
40 = el = =80
o
v= 2290 200080+dr )
B0+
@ = d—=—3200d(80+dﬁ) .
& (20-+de ¥
When f=0,a=-025
2
32004 _ o5 g OXE0
B0 3200
c=80,d=1

2200
b x—jvdﬁ I—di. 32001n(80+z )+ A

When f=0,x=10
0=3200ln80+ 4= A=-32001n 50

x = 32001n(B0+:)-32001nB0= 3200111[_8[;;3 ]
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Further kinematics
Exercise A, Question 11

Question:

A particle P15 moving along a straight line. When ¢ =0, Fis passing through a point
A Attime ¢ seconds after passing through A the velocity, vm s™, of P is given by

v=e" 11" +15¢

Find

a the values of i for which the acceleration 15 zero,
b the distance of F from 4 when i =1n3.

Solution:

a a=d—v=2621—1le’+15=0
df

(26 -5 (26 = =0

ef =253
i =ln25n3
ar ]
b x:jvmzj(eg’—11e’+155)d.c:%—new%wi
When f=0,x=10
liil=l—]1+[il+fEl::=fi=E
5 2
2t 2
g E o 1O sl
2 2 2
When =103
im3 15n 3¢ 21
x=e__-“ﬁh3+£+_
o 2
2 2
=%_33+m+%=m—18m—8.95

2
: . " . . _ , 15(ln 3
Az distance iz a positive quantity, the required distance is [IB—T]m .
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Further kinematics
Exercise A, Question 12

Question:

A particle P moves along a straight line, At time f seconds (where
of Pis [ % +ln(t+2)]m s~ . Find

a the value of # for which the acceleration has magnitude 2.2m s
b the distance mowved by P inthe interval 122< 4

Solution:
a a . . +L=2.2
di i+2
L:0.2:‘:r+2=5:‘=r=3
i+ 2

4
b x=jvd£=j (2+1In(e+200 de
1
Tsing integration by parts
Iln(f+2)d£=jl.ln(ﬁ+2)di
£ 2
=tln(t+2)- | =— de=eln+2)- || 1- ==
i+2 i+2
=tln (42 —t+20n G+ =+ Dn ¢+ 2 —¢
Hence x =& +(+2)n (t+2)-z |
=(16+6ln6 -4 - (1+3ln3-T
=12+6In6-3n3=124+31n6* -3In3

=12+31n[?]:12+31n12

¢ 207 the wvelocity

-2

Ja

The distance moved by P in the interval 12724 i3 (12+31n12)m.
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Further kinematics
Exercise B, Question 1

Question:

A particle P mowes along the x-asis. At time ¢ =0, P passes through the origin & with

velocity Sm s inthe direction of x increasing. At time ¢ seconds, the velocity of P is
& : . 1 ¢ :

vm s and OP=zxm . The acceleration of 2 is [2 +§x m s, measured in the

positive x direction. Find v* in terms of x.

Solution:

2
=2zt t4
At x=0v=>5
lx 25=0+0+A= A=§
2 2
3
2 4

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Further kinematics
Exercise B, Question 2

Question:

A particle P moves along a straight line, When ite displacement from a fized point &
onthe line is x m and its velocity is vm s, the deceleration of P iz 4xm s, At
x=2,v=238.Find v in terms of x.

Solution:

g =—4x

%vﬂ = I(—4x} dx

=2+ A
At x=2v=8

%x64=—8+f1:> A=40

lvz =-2x* +40
2

v =B0— 4z
v =+ (80-4x%
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Further kinematics
Exercise B, Question 3

Question:

A particle P is moving along the x-axis in the direction of x increasing. At
OF = xmix = 0, the velocity of P iz vm 57" and its acceleration is of magnitude

2
—ms

in the direction of x increasing. Given thatat x=2,v=~§ find the value of x
x

for which F iz instantaneously at rest,

Solution:
4
a= —
X
d(1 .,y 4
) _v g ALY
drl 2 e
1
—v? = I(4x'2)dx
2
-1
_AT e 5 4
-1 x
At x=2v=48

%x36=ﬂ—2:> A=20

lvg zgo_i
2 x
When v=10
% n 5

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Further kinematics
Exercise B, Question 4

Question:

A particle P mowes along a straight line. When itz displacement from a fized point O
onthe line is x m and its velocity is v s, the acceleration of P is of magnitude
25xm s and iz directed towards 0. At x=0,v=40_ In its motion 2 is
instantaneously at rest at two points A and & Find the distance between A and &

Solution:

g =—25%

df1
—[—vz ]=—25x
dx\ 2
%vf* = I(—Eﬁx}dx

—Exj+ﬂ
2

At x=0v=40

lzx 1600=—-0+4 = A4=3500

L= B2 800
2 2

When vw=10
25 4 2
U=—?x +800= x* =6d = x =48
AR =16m
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Further kinematics
Exercise B, Question 5

Question:

A particle P iz moving along the x-axis. At OF = xm , the velocity of P iz vm 57 and
itz acceleration is of magnitude ix® m s, where k is a positive constant, in the

direction of x decreasing. &t x=10, v=16_ The particle 15 instantanecusly at rest at

x=20. Find
a the value of k&,
b the velocity of 2 when x=10.

Solution:
a a=-kx"
di1l
| mpdtam el
dxl 2
—* =I(—h2)dx
3
:—Eq-ﬁ
3
At x=0v=186
l){256=—0+_ﬂ1:> A=128
2
3
LI BRI
2 3
When v=0,x=20
0=-2000% 10
3
_ 3x128_ 6
000 125
2
ol 0 B on
2
rmnospu & o8
125
x=10

When v = 256 — %1000 = 224
125

vo= 204 = 44414

The velocity of P when x=10 iz #4414 m s as the particle will pass through this

position in both directions.
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Further kinematics
Exercise B, Question 6

Question:

A particle P is mowing along the x-axis in the direction of & increasing &t OF=xm,

the velocity of P is vm s and its acceleration is of magnitude 82" m s™ in the
direction 20 At x=2, v=32. Find the value of x for which v=8.

Solution:

a=-8x

Al e
—| =v* [=-8x
dxl 2

lzvﬂ = I(—Bf)dx

= —2x'+4
Af x=2v=732

lzx1024=ﬂ—32:> A=7544

1o saa_oxt
2

v =1088—42*
When v=28
64 =1088— 4z = 2t =256

1
x=256% =4
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Further kinematics
Exercise B, Question 7

Question:

A particle P 1s mowving along the x-axis. When the displacement of F from the origin &
1z & m, the velocity of P iz vm 5™ and its acceleration is 6sin s ms?. At x=0,

v=4 Find
a v*interms of x,
b the greatest possible speed of P

Solution:

=—18cos£+ﬂ
3
At x=0v=4
%xlS =-18+4d= A=26

lv2 =—18cosi+26
2 3
vi= 52—36cos£

x
b The greatest value of v occurs when cos = =—1.

The greatest value of vis given by
vi= 52+36=388
v =+£{83=142+22
The greatest possible speed of Pis 2¥ 22m 57~ 9.38m s71).
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Further kinematics
Exercise B, Question 8

Question:

A particle P is moving along the x-amis. At x=10, the velocity of Pis 21m s inthe
direction of x increasing. At OP=xm, the velocity of Pis vm 5™ and its

acceleration is (24321 m s, Find the velocity of P at x=3. Give your answer to 3
significant figures.

Solution:

g=2+3%"

d(1
—[—vz J= 2437
dxl 2

lzvﬂ = I(z +3edx

=2x—3"+4
At x=0v=2
%x4=0—3+ﬂ:}£=5

%vﬂ =D tasln b

vV =dx—6eT +10
A x=3
¥ =12-6e+10=21701._.
v =+(21.701.. )=4.658__.

The velocity of Pat x=3 is 4.66 m s~ (3 5.£), in the direction of x increasing.
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Further kinematics
Exercise B, Question 9

Question:

A patticle P moves away from the origin O along the positive x-axizs. The acceleration

of P 1z of magnitude ms™, where OP=xm , directed towards . Given that

2x+1
the speed of Pat Ois 4 m s™, find

a the speed of P at x=10,
b the walue of x at which F is instantaneously atrest.
Ciiwe your answers to 3 significant figures.

Solution:

arl, 4
e _v L —
dxl 2 Dx+1

2=z )
2 2x+1

="2lni2x+11+4
At x=0v=4

%x16=—0+£1:> A=8

lzvﬂ =—2In(Zx+1+8

v =16—4ln(2x+1)

At x =10
v =16-41n21=3.821910__.
v=1954_.

The speed of Pat x=10 iz 1.95m s (3 o.£).

b When v=10
D=16—4In2x+1=Inl2x+11=4
4

Dr+l=e'= x=— - =26799. =26.8(3sf)
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Further kinematics
Exercise B, Question 10

Question:

A particle P iz moving along the positive x-asiz. At OF = xm , the velocity of P iz
_ S 4 _ .
vm s and its acceleration is [x—?]m s The particle starts from the pesition

where x=1 with velocity 3m s in the direction of x increasing. Find

a vinterms of x,
b the least speed of P during its motion

Solution:

%v2=J1x—4x4ﬁh
-2 2
= §—4x2 A=x—+%+ﬁ
= X
At x=1,v=3
1 1
—¥9=—4+24+ 4= A4=2
2 2
2
1 =x—+%+2
2 2 x
b
v =x2+4+iz=[x+g]
X X
v=x+—

X

b The minimum walue of v occurs when ji—v=a: =10

4 i .
i——=0= xt =4 = x=+2 (as F moves on the positive x-axiz, x> 0)

X
At x=42
v:42+3i:242
2

The least speed of P during its motion is 2¥ 2m 5™
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Further kinematics
Exercise B, Question 11

Question:

A particle P is moving along the x-axiz Initially F 1z at the erigin & mowing with
velocity 15m 57 inthe direction of x increasing. When the displacement of P from O

: : s : 1 g :
15 % m, its acceleration iz of magnitude [1D+Zx]ms * directed towards . Find the
distance P moves before first coming to instantanecus rest.

Solution:

a=—[10+li

4

dil
—[—v2]=—10—lx
dzxl 2 4

lvg =I[—]U—lx]dx
2 4

2
—10x-" 44
3
At x=0v=15
%x 225 =—0-0+ A= A=%

2
1o qpp X 225
2 2

2 _ 2 +80x-900 _ (x+90)(x—10)
4 4

=205 20x-

v=0=x=10-%0
Az Pz oittally moving in the direction of x increasing, it reaches x=10 before

x=-90_ The distance P mowves before first coming to instantaneous rest 15 10 m.
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Further kinematics
Exercise B, Question 12

Question:

A particle P iz moving along the x-axiz. At titne 7 seconds, P iz x m from O, has
1

velocity vm 57 and acceleration of magnitude 6x% ms™ in the direction of x
increasing. When £ =0, x=8 and v=12. Find

a vinterms of x,

b xinterms ofs.

Solution:
1
a a=#§6x
1
dxl 2
1 : 4
= 3 w,
-LF=I&3M=E}+A=Eﬁ+ﬂ
2 3 2

4
v =9x* + B where 5 =24

At x=8,v=12
144 =9x 16+ 8= B =0

4
=953
2
v =73x3
3
b v=E=3x§
df

separating the wariables and integrating

2
Ix?wzj3¢

3t =%4+0
When f=0,x=8
Ix2=0+C=0_"=¢

1

(e

3xF =% +6
1
=i+ 2
r=0+2y
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Further kinematics
Exercise C, Question 1

Question:

A particle P mowes along a straight line. When the displacement of P from a fized
point on the line is x m, its velocity is vm 7 and its acceleration is of magnitude

-2
—z,ms
X

Find v in terms of x.

in the direction of x increasing. At x=3,v=4.

Solution:
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Further kinematics
Exercise C, Question 2

Question:

A particle P iz moving along the x-asiz. At time 7 zeconds, the displacement of P from
the origin O is x m and the velocity of P is 4e" m 57 in the direction Ox. When

=0, iz at & Find
a xinterms off,
b the acceleration of & when £=1n%.

Solution:

- 480.52

o
=
I

&l &

4" df =8e"" + 4

xr=

e,

When t=0,x=10
D=b+4d= A=-H
= 880.51_828(80.52_1)

b a=—=2""

When i=In®
a=72e""M =2l =0y 3=§

The acceleration of P when =109 is 6 ms™.
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Further kinematics
Exercise C, Question 3

Question:

A particle 18 moving along the x-axizs. Attime (=10, Pis passing through the origin O

with velocity 8m s in the direction of x increasing. When P is x m from O, its
o 1 T g ;

acceleration 1z [3—0—2;(}11 s in the direction of x decreasing.

Find the positive value of x for which P iz instantanecusly atrest

Solution:

a=—[3+lx]
4
AL gl
dxl 2 4
l112= - —lx dx=—3x—lx2+_rﬂl
2 4 2
At x=0v=8
32=-0-0+4d= A=732
lvz=32—3x—l;r:2
TWhen v=10
R
2

P 424x-256=0
(x+320(x-8) =0
b x =0

x=2_
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Further kinematics
Exercise C, Question 4

Question:

A particle P is moving on the x-axis When P 15 a distance x metres from the origin O,

_ o _ 15 o o . _
its acceleration 15 of magnitude iz m s in the direction OF. Initially P is at the
x

point where x =5 and is moving toward O with speed 6m s~

Find the walue of x where P first comes to rest.

Solution:
=]_52=Ex_2
dx 4
(115,
dxl 2 4
1
_vi= E:Jr_z-ci;':=—EJr_1+_r'i
2 4 4
1 a2 _15
2 dx
At x=5v=-0%
1E€=J‘EI—E:>J*EI—1SE=E
0 4
1 4 5 15 15 1
2 4 4x 4 x
When v=10
SRR TR,
x 5
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Further kinematics
Exercise C, Question 5

Question:

A particle P mowes along the x-axis in the direction x increasing At time ¢ seconds,
the velocity of Pis vm s and its acceleration is 20fe™ m 57, When £ =0 the speed

of Pis 8m s~ Find
a vinterms of'f,
b the limiting velocity of 2.

Solution:

a2

a a=£=20£e'
ds

S JEU; e

When t =0v=238
S =
T

&

b As i »we” —0 and v—18

The limiting velocity of iz 18m s
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Further kinematics
Exercise C, Question 6

Question:

A particle P mowves along a straight line Initially P is at rest at a point & on the line.

. _ . 18 L
A time £ seconds, where £ 2 0, the acceleration of F 15 Tm s directed away
i

+37
from &
Find the value of ¢ for which the speed of P is 0.48ms™

Solution:

12

4+ + A
—2)(2': 2

v = IlB(Ez +3)F de =

. G

202t +3)°
When ¢ =0v=10

/ 2:;-A=l
2w 3 2
1 G
T2 D243
When v= 048
- ? - => 2 ==0.02
2 2e+3 2026 +3)
9

2497 = =875
(2+3) 2y 0.02

£z 0
As 2e+3=+225=15
15-3

1=2"2=¢
0

0=A—

v
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Further kinematics
Exercise C, Question 7

Question:

A particle P is moving along the x-asiz. At time £ seconds, the velocity of P iz vim 57
and the acceleration of Fis (3— xim 5™ in the direction x increasing. Initially P is at

the origin O and is moving with speed 4 m s™ in the direction x increasing. Find

a v interms of x,
b the maximum value of v,

Solution:

2
lv2=J(3—x)dx=3x—i+A
2 2
V= B+6x—x2,where £=24
A x=0,v=4
l6=8+0-0= 8=1¢&

v =16+6x— 2

v =16+6x—x" =25-9+6x— %
=25-(x-3)*

As (x=% 20,4 <25

The greatest value of v 15 3.
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Further kinematics
Exercise C, Question 8

Question:

A particle P is moving along the x-axiz. At time =0, F passes through the origin &
After ¢ seconds the speed of Pis vm s7', OF = x metres and the acceleration of F is

2
xih-x 34, G : : 5
%m s in the direction x increasing. At x =10, Pis instantaneously at rest.

Find
a anexpression for v* interms of x,
b the speed of P when ¢ =0

Solution:
_ 2
2 2 2 2
1 2 4
LCTI | (o L
2 2 2 f 3
3 4
V2=5i—x—+B,WhEI’EB=2ﬂ
3 4
At x=10,+=0
025000_10000_'_3:}3:2500
3 4 3
P
3 4 2
b When t=0,x=10
5 2500 a0 504 3
=l ey =
. ( }N’B (%) =

The speed of P when =0 iz 20

43
ms.
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Further kinematics
Exercise C, Question 9

Question:

A particle P mowes away from the origin along the positive x-axis. Attime # seconds,

20

Sx+2
that the speed of Pis 3m s~ at x =0, find, giving vour answers to 3 significant

the acceleration of F 1z m s> where OP=xm, directed away from & Given

figures,
a thespeed of Pat x=12,

b the value of x when the speed of Pis Sm s,

Solution:

%vﬂzj 20 dx=4In(5x+2)+ 4

Sx+32
v =8ln(5x+2)+ 5, where B =24
At x=0v=73

B=8ln2+B=F=0-8ln2

v =81n(5x+2)—81n2+9=81n[5x2+2]+9

At x=12

v =8In31+9=36471...

v="36471.. =6.039 ..

The speed of Pat x=12 iz 6.04m s (3 251,

b When v=5
95 = 81n[5x;2]+9

1n[5x+2]: 25-9 _,
2 8

5X+2 ]
i =
2

_ 2t -2
5

X

=256 (35.£)
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Further kinematics
Exercise C, Question 10

Question:

A car movwes along a horizontal straight road At time £ seconds the acceleration of the

ar 13 %m 5™ inthe direction of motion of the car. When £ =0, the car is at
£+

rest. Find
a an expression for v interms of £,
b the distance moved by the car in the first 10 seconds of itz motion.

Solution:
a —E—LOE=100(?£+5)_2
df {2+
i 100 a5
v=|100(2f+57 di = (ZE+o +.4
2x—1
e i
2i+5
When f=0v=10
U=A—%:>A=1U
v=10- ol
2+ 5
b v=ﬁ=10— 20
di 2E+5

—25ln5+ 8= B=251n5

x=10-251In{Z+ 2+ 251In5
When £=10

x=100-251n 25+251n5=100—251n§=100—251n5

The distance moved by the car in the first 10 seconds of itz motion is
(I00-253n 5y m (=39 8m).
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Further kinematics
Exercise C, Question 11

Question:

A particle P is moving in a straight line with acceleration cos® fm 3™ at time ¢

seconds. The particle 15 initially at rest at a point &
a Find the speed of P when ¢ =m.

b Show that the distance of P from O when ¢ =; 1z é(ﬂg +5m

Solution:

a a =E=coszz=l+lcos 2i
di

v = l—t—lcos?i d£=lr.+lsin?i+_r'1
2 2 2 4

When f=0v=10

D=0+0+A= A=0

1 T
v =—Ff+—sn 2
2 4

When =

=£+lsin or="40="
2 4 2 2

The speed of P when é=x 15 g mst.

b The distance of F from O when ¢ =% 15 given by

x=Jw[lz+lsin23}k=|:lzg—lc0525:|4
g2 4 4 2 5
2
— ﬂ-__l t— |- D_l
e o 2
= 1 1

=T Buperdipgy
& B &4

The distance of P from O when ¢ =% is é(}?z +80n , as required.
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Further kinematics
Exercise C, Question 12

Question:

A particle P is moving along the x-axis. At time ¢ seconds, the velocity of Fis vm s

in the direction of x increasing, where

1

552, 0£t24
v:

et ind

When ¢ =0, Fiz at the origin & Find
a the acceleration of F when £ =25,

b the acceleration of F when £ =5,
¢ the distance of P from O when =6

Solution:

a When i=25, v=%£2

ey

When i=25,a=225

The acceleration of Pwhen =25 iz 25m ™ in the direction of x increasing.

b When i=5, v==28e""

g= o oetst

s
When i =5,a=—8"" =—8"!

The acceleration of P when =5 is 8¢ m 5™ in the direction of x decreasing,

¢ The distance of P from O when =6 15 givenby

* 6
x=I —£2d£+I get ds
o 2 4

4
£ 64
= |:E:| +|i_834_!j|i Z?_Be_z +8
i

The distance of P from O when £ =6 iz [5—;— ge™ ]m =176m (3]
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Further kinematics
Exercise C, Question 13

Question:

A particle P iz moving along the x-axiz. When ¢ =0, Fiz passing through O with
velocity 3m s inthe direction of x increasing. When 0< x< 4 the acceleration is of

: 1 2 = : : :
magnitude [4+§x]ms * inthe direction of x increasing. At x =4, the acceleration of

. . . 1 .
Frhanges For x> 4, the magnitude of the acceleration remains [4 +§ x]m s but it

1z now in the direction of x decreasing,

a Find the speed of Fat x=4.

b Find the positive value of x for which P i1z instantanecusly at rest. Give your answer
to 2 sigmificant figures.

Solution:

PhysicsAndMathsTutor.com
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v =8x+§+3, where B=24
At x=0v=3
D=0+0+8=58=9
2
V= Bxt+ 49
At x=4
v =3248+9=49= v=7
The speed of Pat x=4 is Tms™.

d1 1
IJ o= — —v2 :—4—_x
drl 2 2

1 1
v =C—dx-1
2 4

2

! =D—8x—%,whereD=ZC’
At x=4 v=7

49 =N-32-8= D=89

2
X

v =89 -8x-—
When v=10

P H16x=178= 2 +16x+64 =242
(x+8P° =242= x=11¥2-8B.as x>0
x=76(2sf)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Further kinematics
Exercise C, Question 14

Question:

A particle P is moving along the x-axis. At time ¢ seconds, P has velocity vm 7 in

. . . . . . =9
the direction x increasing and an acceleration of magnitude tn 3 i the

£+1
direction x increasing. When =0, Fis at rest at the origin & Find
a vinterms of'f,
b the distance of P from O when £ =2

Solution:

v=2Zf+In(i+1+ A4
When f=0v=10
O0=0+4= A=10
v=2f+In(+1)
b The distance of F from O when : =2 1z given by
2
x=! (2 +1nlf +1T0ds
0
Tsing integration by parts

I1n(:+1)¢ = I]ln(ﬁﬂ)d.ﬁ =z1n(z+1)—jﬁ dt

i+
=+ DInl+T—2 (+C7
Hence x=[£ ~¢+(t+Dln@+1)] =2+30n3
The distance of P from & when : =2 18 (2+31n3m.

= .ﬁln(f.+1)—I[l—%]dﬁ=£1n(ﬁ+1)—.ﬁ+1n(.ﬁ+1}
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Further kinematics
Exercise C, Question 15

Question:

A particle P is moving along the x-axiz. At time ¢ seconds P iz x m from O, has

-2

velocity vm s and acceleration of magnitude (4x+6)ms™ in the direction of x

increasing. When ¢ =10, P is passing through O with velocity 3m ™ in the direction
of x increasing. Find

a vinterms of x,
b xinterms of £

Solution:

151)2 =2+ 6x+ A

v =45 +12x+ B, where =24
A x=014=3

8 =0+0+5=EF=9

v =4 +12x+9=(2x+3)?
Azvigincreasing as X icreases
v=2x+3

b v=E=2x+3
di

Separating the variables and integrating

L dr=|1ds
2x+73

%1n(2x+3) =t+C

lni2x+3 =2 +2C
2x+3=e""" = De¥ where D = &%
When t=0,x=10
3=De"= D=3
2x+3 =3¢"

3. o
St el
x 2(6 )
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