Heinemann Solutionbank: Mechanics 3

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise A, Question 1

Question:

Express

a
b

C

an angular speed of 5 revolutions per minute in rads™,

an angular speed of 120 revolutions per minute in rads™,

an angular speed of 4 rad 5™ in revolutions per minute,

d an angular speed of 3rad s in revolutions per hour.
Solution:

5 1 . 1 5 ~ 2.-T 1 1
a Srevmin  =5x27 radmin = rads = 0524 rad s

d

120= 27

120 rev min ' =120% 27 rad min ' = 5 rads P =12 6rads

4 rad st = 4% 60 rad min 1=42- Urevmin !~ 38 2 rev min*
Mrevh L1720 revh ™t

Zrads P =3x60x60rad b =

2m
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Motion in acircle
Exercise A, Question 2

Question:

Find the speed in ms™ of a particle moving on a circular path of radius 20 m at
a drads?,

b 40 rev min.

Solution:

a v=rov=20x4=20ms "

b Distance per minute = 40 27 = 20= 146001 m

Distance per second = % =83 8m,v=838ms"
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Motion in acircle
Exercise A, Question 3

Question:

A particle moves on a circular path of radius 25 cm at a constant speed of 2m s
Find the angular speed of the particle
a in rads™,

: ]
b in revmin™ .

Solution:
a m=£=£=8rads : 4+— Ieed to convert cm to m.
r )
1 oo Bxael o
b Brads =8xé0radmin™ = 5 =76.4 rev min
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Exercise A, Question 4

Question:

Find the speed in ms™ of a particle moving on a circular path of radius 80 cm at
a 25rads?,

b 25 rev min”t

Solution:

a v=rov=08x25=2ms "

b 25revmin = 29%27 rad min * = 256:[]2 rads '=2617. radst

v=pw:v=08%2617. ~209ms"*
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Exercise A, Question 5

Question:

An athlete is running round a circular track of radius 50 mat 7m s

a How long does it take the athlete to complete one circuit of the track?

b Find the angular speed of the athlete in rads™.

Solution:
o g distance = 2o an s
speed 7
b w=—=—=014rads’
r
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Exercise A, Question 6

Question:

A disc of radius 12 cm rotates at a constant angular speed, completing one revolution
every 10 seconds Find
a the angular speed of the disc in rads™,

b the speed of a particle on the outer rim of the disc in ms™,
¢ the speed of aparticle at a point & cm from the centre of the disc in ms™.

Solution:

a lrevin10s=01revs =0 1x2mrrads ' =0628rad s’
b v=rm:v=012x0628.. =0075d m s,
¢ v=rm: v=008x0628 . =00503ms"!
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Question:

& cyclist completes two circuits of a circular track in 45 seconds. Calculate
a his angular speed in rads™,

b the radius of the track given that his speed is 40km b~

Solution:

a 2oircmts =227 radiansin 45 seconds =4;-'5rrad s l=0279rads .

b 40kmh! =M=1].1...ms -
_1_11.111_39_8
w 0279
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Motion in acircle
Exercise A, Question 8

Question:

Anizsh and Bethany are on a fairground roundabout. Anish 15 3 m from the centre and
EBethany 15 5 m from the centre. If the roundabout completes 10 revelutions per
tninute, calculate the speeds with which Anish and Bethany are moving.

Solution:

02

10rew min ' =10% 21 rad min 1=1 rads ! =105rads™?

v=rm: Anish's speed=3x1.047.. =3 14ms",
Bethany's speed =5x1.047 ... =524m s,
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Exercise A, Question 9

Question:

A maodel train completes one circuit of a circular track of radiug 1.5 m in 26 seconds

Calculate
a the angular speed of the train in rads™,

b the linear speed of the train in ms™.

Solution:

a 1 circutin 26 seconds =2—T rads = 0242rads

b v=ro:v=15x024166. =0362ms "
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Motion in acircle
Exercise A, Question 10

Question:

A train is moving at 150%m h™ reund a circular bend of radius 750 m. Calculate the

angular speed of the train in rads™.

Solution:
150 kiR D00 g e
2600
et e 0060 e g
r 750
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Motion in acircle
Exercise A, Question 11

Question:

The hour hand on a clock has radius 10 cm, and the minute hand has radius 15 cm
Calculate

a the angular speed of the end of each hand,

b the linear speed of the end of each hand.

Solution:

a Hour hand: 27 radiansin 12 hours = 2—T rads = 0000145rad st
123600

Minute hand: 27 radians in Thour = rads = 000175 rads L

b v=rw: End of hour hand moves at 0.1x0.000145 =1.45%10° m s L.
End of minute hand moves at 0.15x0.00175 = 2.62x10* m s
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Exercise A, Question 12

Question:
The drum of a washing machine has diameter 50 cm. The drum spins at
1200 rev min ™. Find the linear speed of a point on the drum.

Solution:

1200 2
——Tili

1200 revmin ' = 1200% 27 rad min ' = dsl=126radst

v=ro v =12566 x05=628ms"

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise A, Question 13

Question:

A gramophone record rotates at 45 rev min ™.

a Find the angular speed of the record in rads™.

b Find the distance from the centre of a point moving at 12 cm s

Solution:

a d5revmin '=45%27 rad min ' = aEl rads =4 Tlrads®.
v 12 R
p=—=——=2505cm +— Working is in ctn, not m here.
e 4712
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Exercise A, Question 14

Question:

The Earth completes one orbit of the sun in a year. Taking the orbit to be a circle of
radius 1.5% 10" m |, and a year to be 365 days, calculate the speed at which the Earth is
moving.

Solution:

Distance travelled in one year=2m =15 «10M m,

2m = 1.5x 101
Sospeed=———"" "~ _-320000m s’ <«—— We can not achicve more than 2 s.f

365% 24 %3600 accuracy in the answer because one of
the eriginal walues only contained 2 2 £
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Motion in acircle
Exercise B, Question 1

Question:

Whenewver a numerical value of g is required take g =98m 7.
A particle 18 moving on a horizontal circular path of radiue 16 cm with a constant
angular speed of Srad ™. Calculate the acceleration of the particle.

Solution:

a=ran* a=016x25=4ms?
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Motion in acircle
Exercise B, Question 2

Question:

Whenewver a numerical value of g is required take g =98 1m 7.
A particle is moving on a horizontal circular path of radiue 0.3 m at a constant speed
of 2.5m s, Caloulate the acceleration of the particle.

Solution:
2 2
a=v—:a=£-—-20.8ms o
r 0.z
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Motion in acircle
Exercise B, Question 3

Question:

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

& particle 158 moving on a horizontal circular path of radius 3 m. Given that the
acceleration of the particle 15 7om s towards the centre of the circle, find

a the angular speed of the particle,
b the linear speed of the particle.

Solution:

a a=re’ T5=30", 0 =25, mw=5rads .
2

b a=2 75=
¥

b

i

?vz =3x75=225 v=15m s *.
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Motion in acircle
Exercise B, Question 4

Question:

Whenewver a numerical value of g is required take g =98m 7.
A particle is mowing on a horizontal circular path of diameter 1.2 m. Given that the
acceleration of the particle 1z 100 m s towards the centre of the circle, find

a the angular speed of the particle,
b the linear speed of the particle.

Solution:

a a=re?: 100=060" 0 =166 7.c0=129rad s’
2 a

b a=100="_ 2 =100x0.6=60.v=775m s
» 0a
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Exercise B, Question 5

Question:

Whenewver a numerical value of g is required take g =98m 7.
A car 15 travelling round a bend which 15 an arc of a circle of radiuzs 90 m. The speed
of the car is 50 km ™. Calculate its acceleration.

Solution:

S0km h l=m=13_89m gt
] 2

a=v—:a = 1589 =214 ms?
r a0
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Exercise B, Question 6

Question:

Whenewver a numerical value of g is required take g =98 1m 7.
A car moving along a horizental road which follows an arc of a circle of radius Y3 m
has an acceleration of 6 m 5™ directed towards the centre of the circle. Calculate the

angular speed of the car

Solution:

a=re’ 6=T750% 0" =008, m=0283radst
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Exercise B, Question 7

Question:

Whenewver a numerical value of g is required take g =98 1m 7.

Oine end of a light inextensible string of length 0.15 m 15 attached to a particle F of
mass 300 g. The other end of the string 15 attached to a fized point & on a smooth
horizontal takle. M mowves in a horizontal circle centre O at constant angular speed

4 rad 57 Find the tension in the string.

Solution:

suppose that the tension in the string 15 7
TTaing & =
T=03x015x4# =072

PUO3kg
4 rad 57!

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise B, Question 8

Question:

Whenewver a numerical value of g is required take g =98m 7.

One end of a light inextensible string of length 25 cm is attached to a particle P of
mass 150 g The other end of the string 15 attached to a fized point & on a smooth

horizontal table. P moves in a horizontal circle centre O at constant speed 9ms™. Find
the tenzion in the string

Solution:

Suppose that the tension in the string 18 T
Taing F = ma

2
R g

P15 ke

Yms
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Motion in acircle
Exercise B, Question 9

Question:

Whenever a numerical value of g is required take g=98m ™.

A smooth wire 15 formed into a circle of radius 0.12 m. A bead of mass 60 gis
threaded onto the wire, The wire is horizontal and the bead iz made to move along it

with a constant speed of 3m s7*. Find

a the vertical component of the force on the bead due to the wire,
b the horizontal component of the force on the bead due to the wire,

Solution:

R

a suppose the wertical component of the

PM3ms force 1s &

R(TR=006g=0531
e b suppose the horizontal component of

the force 15 7

Tsing F = ma,

s 0.06%3% .

01z
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Exercise B, Question 10

Question:

Whenewer a numerical value of g is required take g =98 m s

A particle P of mass 15 grests on arough horizontal disc at a distance 12 cim from the
centre. The disc rotates at a constant angular speed of 2 rad 570, and the particle does
not slip. Calculate

a the linear speed of the particle,

b the force due to the fiiction acting on the particle.

Solution:

a v=rm:iv=012x2=024ms "’
b Tsing F = ma
F=0015%0.12%x2* =0.0072 1

POOIS kg
2rad s
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Exercise B, Question 11

Question:

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

A particle Frests on arough horizontal disc at a distance 20 cm from the centre. When

1

the dizc rotates at constant angular speed of 1.2rad ¢™, the particle iz just about to

slip. Calculate the value of the coefficient of friction between the patrticle and the disc.

Solution:

R

. r\-]l 1.2 rad s

Me

Let R be the normal reaction between the particle and the disc,  the frictional force, A
the mass of the particle, and o be the coefficient of friction between the particle and the

dizc,

Ril): R=Mg

The particle iz about to slip, 50 F=F, =uR=uMz

Using F =m, uMg = M x0.2x1.2% = M x0.288,
- 0.288
Tz

=029
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Motion in acircle
Exercise B, Question 12

Question:

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

A particle P of mass 0.3 kg rests on a rought horizontal disc at a distance 025 m from
the centre of the disc. The coefficient of friction between the particle and the disc 1z
0.25. Given that P 15 on the point of slipping, find the angular speed of the disc.

Solution:

R

R\ mrad s

II_];

Let Xbte the normal reaction between the particle and the disc, 7 the frictional force,
given =025 and F=F,  =0254
R R=03g;s0 F.=025%03g.
Using F=ma, 0.25x0.3g = 0.3x0.25% ",
g =af
= 31rads

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 3

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise B, Question 13

Question:

Whenewver a numerical value of g is required take g =98m 7.

A car iz travelling round a bend in the road which iz an arc of a circle of radius 80 m.
The greatest speed at which the car can travel round the bend without slipping is
40km b~ Find the coefficient of friction between the tyres of the car and the road.

Solution:
R
40k bt = 20000 4y st
1'% 40 km h Let the mass of the car be M Let & be the force due
¢ y to friction between the car tyres and the road, u the
80 m ’ coefficient of friction, and B the normal reaction
A between the car and the road.

Me
At maximum speed the car 15 aboutto slip, so F=F,,
R R=Mg, 0 F=F,_ =uR=uMg

Mx11.11° 11.11°

Eies1Taing F =wma. uMz = L= =016
i« Using i, UMe 20 [ 209 8
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Exercise B, Question 14

Question:

Whenever a numerical value of g is required take g=98m ™.
A car 15 travelling round a bend in the road which 15 an arc of a circle of radius &0 m.

The coefficient of friction between the tyres of the car and the road iz % . Find the

greatest angular speed at which the car can travel round the bend without slipping,

Solution:

Let the mass of the car be A

Let # ke the force due to friction between the car tyres
F& ( ) — and the road, and R the normal reaction between the
car and the road.

< m A Max speed=F=F, .

o
Mg

R(DAR=ma,s0o F=F, =,L.'R=]§Mg.

R () Using # =z, %Mg = M = 60%*, o =% = 0.054,0=023rads L
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Exercise B, Question 15

Question:

Whenewver a numerical value of g is required take g =98m 7.

One end of a light extensible string of natural length 0.3 m and modulus of elasticity
10 I is attached to a particle P of mase 230 g The other end of the string 15 attached to
afized point O on a smooth horizontal table. P moves in a horizontal circle centre O at

constant angular speed 3rad 5. Find the radius of the circle.

Solution:

Ifthe extension in the string 12 x m, then the radius
of the circle 15 (0.24 x) m, and the tension in the
string 15 given by

P25 ke _ ;".,x i 10}’:

1
ol a 03

Tsing F=m,m—x= 02503+ ) 32,1E]x=%- iI(Cl.3+x]|
03 4 10
AN0x =8.14+27%,373x=81,z=00217m

= the radius ofthe circle = 0.322 m

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise B, Question 16

Question:

Whenever a numerical value of g is required take g =98m s7.

A centrifuge consists of a vertical hollow cylinder of radius 20 cm rotating about a
vertical axis through its centre at 90 rev s Calculate the magnitude of the normal
reaction between the cylinder and a particle of maszs 5 g on the inner surface of the

cylinder.
Solution:
<:II._‘ m
o0 ey ! I0rev st =90x27 rads
R i = 1807 rads "
0005 L_ Let the normal reaction between the particle and the cylinder
be R

(e3) Using F =sma, R=0.005x0.2x(1807)° = 320 ;]

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise B, Question 17

Question:

Whenewver a numerical value of g is required take g =98 1m 7.
A fairground ride consists of a wvertical hollow cylinder of diameter 5t which rotates
about a vertical axis through its centre. When the ride is rotating at W rads™ the floor

of the cylinder opens. The people on the ride remain, without slipping, in contact with
the inner surface of the cylinder. Given that the coefficient of friction between a

: ; .2 N
person and the inner surface of the cylinder 15 3 find the minimum value for ¥

Solution:

2.5 m

between the perzon and the cylinder be B & iz the fictional
force between the person and the wall of the cylinder,

Wrad 5!

] Mke

Minimum W = the person is aboutto slip = F=F__ =§R

Also, R(D= £, =Mg, s0 Mg=§R,R =%_

= Tzing & =ma,

M 3 3
R=TE=M/5/W2,W2=?E,W= f?‘g.—. 242rad s
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Exercise B, Question 18

Question:

Whenever a numerical value of g is required take g=981m s

Twe particles F and O, both of mass 30 g, are attached to the ends of a light
inextenzible string of length 30 cm. Particle P iz on a stnooth horizontal table, the
string paszes through a small smooth hole in the centre of the table, and particle &
hangs freely below the table at the other end ofthe string. Fis moving on a circular
path about the centre of the table at constant linear speed. Find the linear speed at
which F must meve if (¢ 15 in equilibrium 10 cm below the table.

Solution:

P O.08 ke
02m_/ __ ymel Let the tension in the string be T, and
T/\ll.lm the speed of Pbe vm s L.
' {1z in equilibrium, so
\ Q008 ks R at@=T=008g
0.08 g

For F, Tsing & =,

0,087

T=008g= Vi =02xg=1%v=14ms"

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise C, Question 1

Question:

Whenewver a numerical value of g is required take g =98 1m 7.

A particle of mass 1.5 kg is attached to one end of a light inextensible string of length
&0 cm. The other end of the string is attached to a fized point 4. The particle moves
with constant angular speed in a horizontal circle of radius 36 cm. The centre of the
citcle iz wertically below A Calculate the tension in the string and the angular speed of
the particle.

Solution:

Let the tension in the string be 7, and the angular speed
ke @ . The angle between the string and the vertical is
6. Since the triangle is right angled, the third side will
hawe length 0,48 m (3, 4, 5 triangle).

Eil): TcesB=15g

148 m -

LA =3_5,T=15_g.-_ 121
] 2 ]
R(es): Tsin b = mro®

= ET = E x 0. 36 t'r.*r2 ,TZ U.Qt’r}g
5 2

Equating the two expressions for T
15g _

—= = 09"
B

o = Ulsgg = 2041, =4 5rads L
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Exercise C, Question 2

Question:

Whenewver a numerical value of g is required take g =98 1m 7.

& particle of mass 750 g is attached to one end of a light inextensible string of length
0.7 m. The other end of the string 15 attached to a fized point 4. The particle moves
with constant angular speed in a horizontal circle whose centre 15 0.5 m vettically
below 4. Calculate the tension in the string and the angular speed of the particle.

Solution:

Let the tension in the string be T, and the angular speed be
i . The angle between the string and the vertical 13 6, and
the radiuz ofthe circle 15 7.

Bl Toosd =?ZTE

:
05m
]

7 4 20

R(es): Tsin 6 = mra’

g o e e /mz,’f=2/ 0. 7c*
4 4

0.7
Equating the two expressions for T
28 _ 30708
200 4

Wt = % =19.6,m=44 radsL

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise C, Question 3

Question:

Whenever a numerical value of g is required take g=98m ™.

A particle of mass 1.2 kg 1z attached to one end of a light inextensible string of length
2 m. The other end of the string 13 attached to a fixed point 4. The particle moves in a
herizontal circle with constant angular speed. The centre ofthe circle 13 vertically
below A. The particle takes 2 seconds to complete one revolution. Calculate the
tension in the string and the angle between the string and the vertical

Solution:

Let the tension in the string be T, and the angular speed
be . The angle between the string and the vertical 1z
&, and the radius of the circle 13 7.

2 seconds to complete 27 radians = angular speed 1z
mrads™.

Ril): Tceosl =12g
Ri<s): Tsinb = mp”

— T/% =10xrxn? T=>2dn2

=237H
and using thiz value in the first equation gives
i 12 "|
8 =cos * ?g = cos 0496 = 607
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Exercise C, Question 4

Question:

Whenewer a numerical value of g is required take g =% 81m s~

A conical pendulum consiste of a light inextensible string A8 of length 1 m, fized at 4
atd carryving a small ball of mass 6 kgat & The particle moves in a horizontal circle,

with centre vertically below A, at constant angular speed 2.5rad s™ . Find the tension
in the string and the radiuz of the circle.

Solution:

Let the tension in the string be T The angle between
the string and the vertical iz 8, and the radius of the
circle 15 7

E(l):Tcosh =6g
R(es): Tsin @ =6xrx3.5°

T % =735, T=735N

and using this value in the first equation gives
TiocesB=6g, cos =08 radius=sinB=06m
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Question:

Whenever a numerical value of g is required take g=98m s *.

A conical pendulum consists of a light inextensible string A5 of length 7, fized at 4
and carrying a small ball of mass s at & The particle moves in a horizontal circle,
with centre vertically below A, at constant angular speed ® . Find, in terms of #2, § and
0, the tension in the string.

Solution:

Let the tension in the string be T The angle between the
string and the wertical is 6, and the radius of the circle iz
vl

E(es): Teinf = mxrxo?

r
To =mXrxm®

T = micr
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Question:

]

Whenever a nutnerical value of g is required talke g =%8m s

A conical pendulum consists of a light inextensible string A8 fixed at A and carrying a
small ball of mass s at 5 With the string taut the particle movwes in a horizontal circle
at constant angular speed . The centre of the circle 15 at distance x vertically below
A Show that e'x=g.

Solution:

Let the tension in the string be T The angle between the

string and the vertical 15 6, and the radius of the circle 13
r

R(es): Tsin @ = mxrx o
R TeosB =myg

Diwviding the first equation by the second
2

Lecially]
= tan @ =
mg
r .?"L'r_\\2 A
FE— —d U} r= g
& g
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Question:

Whenever a numerical value of g is required take g=98m s *.

A hemispherical bowl of radius # 1z resting in a fizxed position with its rim horizontal.

A particle P of mass #2 13 mowing in a horizontal circle around the smooth inside
surface of the bowl,

The centre of the circle 12 % below the centre of the bowl.

Find the angular speed of the particle and the magnitude of the reaction between the
bowl and the particle.

N
Solution:

£ iz the normal reaction at F.

TTzing geometry, we know that the radiuz at P 13
perpendicular to the tangent at &, so & acts along this
radius.

£ 1s the angle between the radius and the vertical.
TTzing Pythagoras' theoretn we know that the radius of

2
the circle 13 \/;r.

E(1y: Rrost =mg

§=mg,ﬂ=3mg

Ei{—): Rsinf = m\/grtr}z
:
RYZ - mﬁrtr}z
¥ 9

Substituting for R and simplifying:

3
ez = mrtr}:{, 0= °g
r
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Question:

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

A hemispherical bowl of radius » cm 15 resting in a fixzed position with its rim
horizontal. & small marble of thass s iz toving in a horizontal circle around the
smooth inside surface ofthe bowl The plane of the circle 12 3 cm below the plane of
the rimm of the bowl. Find the angular speed of the marble

Solution:

A1z the normal reaction at the marble.

Teing geometry, we know that the radius at the marble
1z perpendicular to the tangent at that point, so £ acts
along this radius,

B iz the angle between the radiug and the vertical.
TTzing Pythagoras’ theorem we know that the radius of

mg  the circle 18 ulrg -5,
R(es): Rsin b = pmfr — 9o
3

Wfri—9

R = mfr® — 9w’
r
R
“_}2 o
mr
3
R(): Reosf=mg =R~ R= %
r
Substituting thizs expression for & in the first equation:
a_Mgr 2 B
W =—=—u=_|—
e 3 3
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Question:

Whenever a numerical value of g is required take g=9.8m ™.

A hemispherical bowl of radius 15 cm s resting in a fized position with its rim
horizontal. & particle P of mass m is moving at 14rads™ in a horizontal circle around
the smooth inside surface of the bowl Find the distance of the plane of the circle
kelow the plane of the rim of the bowl

Solution:

F iz the normal reaction at the marble Tsing geometry, we
know that the radius at M iz perpendicular to the tangent at
that point, so & acts along this radius.

1 1z the angle between the radius of the bowl and the
vertical

The particle moves on a circle of radius » m, depth & m
below the ritn of the bowl,

R(T): RcosB =mg D
Ri<s): Rsin® = pren” @
Dividing @+ to eliminate &,

o
fota]

g
:‘d :i—e—62005m=5cm
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Question:

Whenever a numerical value of g is required take g=98m ™.

A car travels round a bend of radius 730 m on a road which is banked at angle & to
the horizontal The car is assumed to be moving at constant speed in a horizontal
citcle. If there 15 no frictional force acting on the car when it is travelling at

126km h™?, find the value of &

Solution:

I :
Mo friction, so just the normal reaction, &, between the
750 m {: 7 car and the road with a horizontal component.

1251ﬁnh1=M=35m51
: 3600

R(T): Reost =mg @

2 2
S T S 3
, 750

Dividing @ = @ to eliminate & and m
35°
g

= tan # =

=0.16768=975

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise C, Question 11

Question:

Whenewer a numerical value of g is required take g =98m s

A car travels round a bend of radius 300 m on a road which is banked at an angle of

107 to the horizontal. The car is assumed to be moving at constant speed in a
horizontal circle. At what speed does the car mowe if there 13 no frictional force?

Solution:

\ Mo friction, so just the normal reaction, &, between the

car and the road with a horizontal component.
Rl Reoosllh =mg

J 2
L R(u);ﬂgin10“=ﬂ=ﬂ
r 200
Dividing to eliminate &
2

LAY M

= tan 10" = ¥
300 mg
v =300 gtan 107 =518.4
v = 23ms?
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Question:

Whenewver a numerical value of g is required take g =98 1m 7.
A boyrides his cyele round a circular track of diameter 50 m. The track 1s banked at

207 to the horizontal. There is no force due to friction. By modelling the boy and his
cycle as a particle of maszz 75 kg, find the speed at which the cycle 15 moving

Solution:

\/ Mo friction, so just the normal reaction, R, between
50 m ; the cycle and the road with a horizontal component.

i \j"“' Ei(l): Rcos20" = 75g
2 79 %2

R(es): Rein 20" =

a0
Diwiding to eliminate &
2 2
syt B0 o ¥
S0x<75g aS0g
v =50 gtan 20" =178.3...
v =13mst

It was not necessary to know the value of the mass because it cancels out at the stage
when the two equations are combined to find tan 207
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Question:

Whenewver a numerical value of g is required take g =98 1m 7.

A bend in the road 15 a horizental circular arc of radius #. The surface of the bend 15
banked at an angle « to the horizontal. When a vehicle 15 driven round the bend there

i no tendency to slip. Show that the speed of the vehicle 15 (frgtana

Solution:

R :

X/ Mo friction, so just the normal reaction, &, between
i : the vehicle and the road with a horizontal
component.
Bl : Rooser = g

a
R{es): Rsine = 22
r

mg

Dividing to eliminate &

2 2
v
=tanod = —— = —

FERE =)

v =rgtanc, v =./rgtan o

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise C, Question 14

Question:

Whenewver a numerical value of g is required take g =98 1m 7.
& gitl rides her cycle round a circular track of diameter 60 m. The track 15 banked at

15" to the horizental. The coefficient of friction between the track and the tyres of the
cycle 15 0,25 Modelling the girl and her cycle as a particle of mass 60 kg moving in a
horizontal circle, find the minimum speed at which she can travel without slipping.

Solution:

\yr &1z the normal reaction between the cycle and the
0 m track. & 1z the force due to friction. At minimum
_ speed the force due to friction iz acting up the slope
o e to stop the cycle from sliding down. (At maximum
speed the friction will act down the slope to prevent

sliding up the slope.)
Az slipping is aboutto occur, F =u &

BT ReoslS +Feoos7 =60 g

cos o | =B

R|I cosld +

2
R(cs) Reos 75 — Foosls = 60/;’_0

cosls

|= 2y

R|r cos 70" —

Diwviding to eliminate &

g cosdF —025xcoslT 3

coslS +0.25xcos 75
vl 494 v=22mst

Og
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Question:
Whenever a numerical value of g is required takke g =9.8m ™.
L wvan is moving on a horizontal circular bend in the road of radiuz 75 m. The bend 15

banked at tan'I% to the horizontal. The maximum speed at which the van can be

driven round the bend without slipping is 90 km h™'. Caleulate the coefficient of
friction between the road surface and the tyres of the van.

Solution:

& 13 the normal reaction between the van and the
'5/ track. & i3 the force due to friction At mazimum

. speed the force due to friction iz acting down the
“mg slope to stop the van from sliding up.
U iz the coefficient of friction between the tyres and

the road.
Agslipping 15 aboutto ocour, F=u k.
90km b1 =200 o5 ot
3600
Rl FsinO+mg = Rcosd
25

Eies): Foos+Rseinf = m;f%
Substituting F =u R
=mg = K{cos0— Usinf)

ESTm =ER{pucost+szind)

Dividing to eliminate #
25  UcosB4sinf g+tand
= = =

E cosfl—usinf N 1-ptand
{on dividing top and bottom by cozf)

el )
= 3‘usingtanH=—|
iR 3 )
ksl )
:
_ 3u+1
3—u
= 2503 =3g3u+7
Fearranging this equation gives
U8 g+25 =75-73g

g 1OE0E 3
9g + 25
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Question:

Whenewver a numerical value of g is required take g =98 1m 7.

A car mowves on a horizontal circular path round a banked bend in a race track. The
radius of the path 15 100 m. The coefficient of friction between the car tyres and the
track is 0.2 The maxzimum speed at which the car can be driven round the bend

without slipping is 144km h™. Find the angle at which the track is banked.

Solution:

\/ R 13 the normal reaction between the car and the
o track. & 15 the force due to friction &t maximum
! /’ speed the force due to friction is acting down the
o slope to stop the car from sliding up.

B The track 1z banked at & to the horizontal
Asslipping 13 about to cccur, F=UR.

1(H} m

eyt A ey
2600
R(T):mg = Reos@—Fsin 0
2
R(f—*~):RsinH+Fc:¢-ssze/ﬂ
100

Substituting & = & and dividing to eliminate
sinf+0.3cos®  40?

—1 —]
cosB—03a:nf  100g

Dividing top and bottom of the left hand side by

cosf

5 tan 4+ 0.3 i 1600 =E

1-03tan®  100g g
gltan 84+ 0.3) =16(1—- 0 3tan 4)

tan Big +4.8) =16-03¢g

tan 6 =w:g_394_“
g+4.8
f =42
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Question:

Whenever a numerical value of g is required take g=9.8m ™.

A bend in a race track 1s banked at 307 A car will follow a horizontal circular path of
radius 70 m round the bend The coefficient of friction between the car tyres and the
track surface 1z 0.4 Find the maximum and minimum speeds at which the car canbe
driven round the bend without slipping.

Solution:

15 the normal reaction between the car and the tracl,
F iz force due to friction. At maximum speed & acts
down the slope and 12 equal to uR =048

//] ! E(I)Rcos30" — Fain 30° =mg
K1l g B Foos30°+ Rain 30° =%

Substituting F =048 and dividing
. v 04cos30° +5in 30°
Mg cos20" —0.4ein 300
=v' =8717...

=y =289 5ms

1

At minimum speed, & acts up the slope

R Rcos30"+ Fain 30" = mg

2
PV

B Ran 300 — Foos 30" = —

70
v sin30° —04cos30°
Ug  cos30" +04dsin 30°

giving v = 9883, =v=99ms’

which leads to
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Question:

Whenever a numerical value of g is required take g=98m s~

The diagram shows a small smooth ring & of mass 500 g threaded on a light
inextensible string. The ends of the string are attached to fized points A and B, where
Az vertically above B The string 15 taut and the system rotates about A58 The ring
towves with constant angular speed on a horizontal circle of radius 0.6 m.

LARR = 60" and £ BAR =30, Maodelling the ring as a particle, calculate the tension
i the string and the angular speed of the particle.

Solution:

EBecause the ring 15 smooth and the string 15 continuous, we
have only one value for tension, T

Bl Teos30" —Toosél” =05g
Tloos30" —cosb0™) =050g

e 05g _
cos 30° —cos 607 wﬁ—l
=124H
R Teos 60 +T cos30° = 0.5% 0 6xam?
2
Tleos 60 +cos30M) = 0.6

Substituting for T and the trigonometric ratios:

(1443 ) ‘ 0.6’

Jl‘

Fearranging:

oo BN
0.6(3-1) 1)

w =7.8rads?
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Question:

Whenever a numerical value of g is required take g =98m s

A light elastic string A8 has natural length 2 m and modulus of elasticity 30 M. The
end A is attached to a fized point. & particle of mass 750 g iz attached to the end &

The particle is moving in a horizontal circle below A with the string inclined at 407 to
the vertical. Find the angular speed of the particle.

Solution:

T is the tension in A8 AR i3 an elastic string, if the
extension in the string 15 x then 7= 2% %
BT : Teosdl® =075g
E(es): Tsin 40" =0.75xrxa’
The radius of the circle 18 (2+ 280407, 20 substituting
for 7 and T gives
15xsin 40" = 0.75% (24 x) sin 40° x 0
B - 15x _ 20x
07502+x) 24=x
From the first equation:

15xcozd =075 g
0.75g

x o e S vl
15cos40°
= =486 mw=22radst

=063
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Question:

Whenewver a numerical value of g is required take g =98m 7.
An aircraft of mass 2 tonnes flies at 400km h™ on a path which follows a herizontal

circular arc in order to change course from a bearing of 060° to a bearing of 015" Tt

takes 25 zeconds to change course, with the aircraft banked at & to the horizontal
Calculate the two possible values of & and the corresponding walues of the magnitude
of the lift force perpendicular to the surface of the awrcraft's wings.

Solution:

L 15 the 1ift force, and # 15 the radius of the circular arc.

400 e 11 < 400X1000 _ 1000,
3600 9

In 25 seconds the awcraft travels

25000

m .

The direction changes by 45" or 315° depending on the
direction of turning,

For 457, @ . é C2Tr r=35307 m

25000 _7

For 215°, 2 < 2mr,r=50525m

E(l): Lcosr =2000 g
2000w

r

Bies): foine =

Diwiding the second equation by the first
2

v
= tan of = —

FE
When r=35367. .
2
tan o =& 0356

02 3537x9.8
o = 20 and L=21000 M
When r=5052. ..

2
9" x505.3x 5.8

o =68, and L=53000 1
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Question:

At time ¢ seconds the position wector, relative to the centre of the circle, of a particle
moving in a horizental circle, centre O, at constant angular speed wrad s is given by
I =7 Cos el + 7 51 e

a Differentiate r with respect to £ to obtain the welocity, v, of the particle.

b Hence calculate the linear speed of the particle and deduce that v =#m.

Solution:

a I = I COS (61 + # 51N (1)

= —r= [rcostr_lf:i—rsintr_uj;]zv

Bl

Blo &a

3 d ) :
(Fooscof )1+ —(Fsinct )
. ) g7 i

= —p 510 (08 + FOOCOS (0]

b speed=v=|v|= ,\!I:—L'r.}?" sin o) + (v cos ox )’
= (r-Jsin® f + cos® oF =@, as required.
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Question:

a By considering the gradients of the wectors v and v, or by taking the scalar product
of 1 and v, find the angle between these two vectors,
b “What does this tell vou about the velocity of the particle?

Solution:
a v ={rcosmi+rsin of) (—rosn @i +rmoos o)

= (rcos ) (—reosin 60 ) + (7 sin (08 X (Procos o)
= —r*mcosae. sinot +riwsinot cos ot =0, sor is perpendicul ar to v.
b The direction of v 12 perpendicular to the direction of v Since v iz always directed
from the origin to the particle, the direction of the velocity at any instant 15 along the

tangent to the circular path.
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Question:

a Differentiate v with respect to £ to obtain the acceleration, a, of the particle.

b Express ain terms of r. What dees this tell you about the direction of the
acceleration?

¢ Calculate the magnitude of a.

Solution:

a v = —p(0Ein mf 4+ A0 cos

v= —(—rsin i +rocos @il =a

B e

_ .ood .
{—rtn sin (o)1 +E (reocos o))

. £ e
= —p00 Ccos (0l — PO SL 008

= —*(r cos ol + 7 sin o)

o o . o 2
b a=—ow’ (rcosofi+rsin o)) = —w'r

ais parallel to v but in the opposite direction, so the direction of the acceleration
iz towards the centre of the circle.

¢ |ajH-o'r|,so|alFoix|r| a=ro
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Question:

Whenever a numerical value of g is required take g=98m s

A particle of mass 0.6 kg 15 attached to end A of a light rod A8 of length 0.5 m. The
rod 15 free to rotate in a vertical plane about B The particle 15 held at rest with A5
horizontal. The particle 15 released. Calculate

a the speed of the particle as it passes through the lowest point of the path,

b the tension in the rod at this point,

Solution:

a Let the speed of the particle at the lowest point be
vm s ', and the tension in the rod be T,

Atthe lowest point the particle has fallen a distance
0.5m, sothe P.E lost=06xgx05

and the E.E. gained=% <06

0.6/5/0_5=%/0.6/v2

V=g v =31ms!

(1.6

b Atthe lowest point, the force towards the centre of the circle
0.6+
0.5

=T-06g=

5P =U_6g+%=1.8g-—-1?_6N
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Question:

Whenever a numerical value of g is required take g=9%8m s

A particle of mass 0.4 kg is attached to one end A of a light rod AR of length 0.3 m.
The rod 15 free to rotate in a vertical plane about B The particle 15 held at rest with A4
vertically abowve B The rod 15 slightly displaced so that the particle moves in a vertical
circle. Calculate

a the speed of the particle az it paszes through the lowest point of the path,

b the tension in the rod at this point.

Solution:

Let the speed of the patticle at the lowest point be
vm s !, and the tension in the rod be TIT,

Atthe lowest point the particle has fallen a distance
06m, sothe PE lost=04x gx 0.6,

and the K.E.gained=% < 0.4x2,

;U4-g-06:%-u4-#

vi=2xgx06=12gv=34ms"

Vims

b Atthe lowest point, the force towards the centre of the circle

0.4
=T _04g=
€ 03
I MR R
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Question:

Whenever a numerical value of g is required take g =% 8m s

& particle of mass 0.4 kg iz attached to end A of a light rod A8 of length 0.3 m. The
rod 15 free to rotate in a vertical plane about B The particle 15 held at rest with A5 at
&0 to the upward wertical The particle 15 released. Calculate

a the speed of the particle as it passes through the lowest point of the path,
b the tension in the rod at this point.

Solution:

Let the speed of the particle at the lowest point be
vm s !, and the tension in the rod be T

Atthe lowest point the particle has fallen a distance
0.3cos 60" +03=045m, so the

PE lost =04 gx045 and the

K.E.gained=% <0.4 5%,

R L0dxgx04s = %/0.4 o
0dg ™ v =2xgx045=09g,v=30ms"
b At the lowest point, the force towards the centre of the circle
0.4y
=T-04g=
8™ 0
i il PRI, S
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Question:

Whenewver a numerical value of g is required take g =9.8m 7.

& particle of mass 0.4 kg is attached to end A of a light rod A8 of length 0.3 m. The
rod 15 free to rotate in a vertical plane about B The particle 15 held at rest with A5 at

&0 to the upward wertical The particle 15 released. Calculate
a the speed of the particle as it passes through the lowest point of the path,
b the tension in the rod at this point.

Solution:

Let the speed of the particle where A5 1z horizontal
be vm s, and the tension in the rod be T1T

Atthe point where A8 is horizontal, the particle has
fallen a distance 0.5cos60° =0.25m |, so the

PE lost=06x gx025,

and the K.E.gained=% x0.6xv2,

L0Exgx02s= %/0.6/'92

Vi=2xgx025=05gv=22ms "

b When A5 1z horizontal, the force towards the centre of the circle

=T=aw2
0.5
==,~T—D6;(;5g 0SSN
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Question:

Whenever a numerical value of g is required take g =% 8m s

& particle of mass 0.5 kg iz attached to end A of a light rod A8 of length 07 m. The
rod i3 free to rotate in a vertical plane about B The particle 15 hanging with 4

vertically below B when it is projected horizontally with speed 10ms™. Calculate

a the speed of the particle when it iz vertically above 5,
b the tension in the red at this point

Solution:

Let the speed of the particle at the highest point be
vm s, and the tension in the rod be T,

Atthe highest point the patticle has risen a distance
1.4 m, sothe

PE gained=05<g=x14, and the

K.E_lost=% X (1.5 102—% X 0.5%v

5 0.5% g 1.4=%- 0.5 {100 —+%)

00— =2xgx14=28g,v=55ms

b Atthe highest point, the force towards the centre ofthe circle

2
_T105g= 0.5
0.7

I U.S/(]EU?—E.BEI'_0_5g=45,9N

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise E, Question 6

Question:

Whenever a numerical value of g is required take g =%8m s

A particle of mass 0.5 kg is attached to end A of a light rod A8 of length 0.7 m. The
rod 15 free to rotate in a vertical plane about 5. The particle 15 hanging with 4

vertically below B when it is projected horizontally with speed z ms™. Find

a an expression interms of w and & for the speed of the particle when A8 malkces an
angle of 8 with the downward vertical through B,
b the restriction on w if the particle 13 to reach the highest point of the circle.

Solution:

When the angle between A8 and the vertical iz &

particle has speed vm s '

PE ganed=mgh=05xgx0F1-cosf)

v m Lossin EE =
lmﬂ_lmﬂ :E(uﬂ_vﬂj
2 2 2

Energy is conserved

05 gx0 T 1-cosf) = %(ug—v:")

v =u?-14g(l-cosH)

=v=.u'-14g(1-cos0)

b Ifthe particle is to reach to top of the circle then we require v > 0 when 6 =180".
=1’ -14g(1-cos180"1 >0

But cosl80"=—1,50 & = 1dg=x2,u> Jedg
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Motion in acircle
Exercise E, Question 7

Question:

Whenewer a numerical value of g is required take g =9.8m s™.

A particle 4 of mass 1.5 kg 15 attached to one end of a light inextensible string of

length 2 m. The other end of the string iz attached to a fized point B The particle iz

hanging in equilibrivm when it is set in motion with a horizontal speed of % ms™.

Find

a an expression for the tension in the string when it is at an angle & to the downward
wertic al through B,

b the minimum value of & for which the particle will perform a complete circle.

Solution:

Take the lowest point of the circle as the zero level
for potential energy.
Atthe lowest level the particle has

K.E_=%- 19%u?=075%2T and PE =07

When the rod 1z at angle 8 to the wertical the particle
has
1

EE. :E <15y =07%" T and

|.5¢ PE =15%g=2{1-cosf) .
Energy is conzerved
50750 =075 +3g(1 - cos @)
Eesolving towards the centre of the circle:
w15y

F-ligoosi=—-=
r

. so substituting for e

givEs
r=15g |:c:-sh'+§(u2 —dg+4gcos )

2
=4.5gcosH+3%—3§

b Ifthe patticle is to reach to top of the circle then we require T = 0 when 6 =180°,
2 2
— —4.5g +3%—3g > U,B“T >75g,u% =10g,u > flig
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Motion in acircle
Exercise E, Question 8

Question:

Whenever a numerical value of g is required take g=98m s~

A zmall bead of mass 30 g iz threaded on a smooth circular wire of radine 73 cm
which is fized in a vertical plane. The bead 12 at rest at the lowest point of the wire
when it iz hit with an impulse of s horizontally causing it to start to move round the
wire. Find the value of Jif

a the bead just reaches the top of the circle,

b the bead just reaches the point where the radius from the bead to the centre of the

: 2« : :
circle makes an angle of tan™ : with the upward vertical and then starts to slide

back to its original position.

Solution:
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1.0 |‘u:‘
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Impulze = change in momenturmn, so if the initial
speed of the bead is zm s then
I =005, =207

Take the lowest point of the circle as the zero level
tor potential energy.
Atthe lowest level the particle has

K.E.=% <0.05%g* =0.025%<4007* =10 T and

PE =017

Atthe highest lewel the particle has K E =0 (since
we are told that the bead 1f just reaches the top) and

it has rizen 1.5 m so it has
PE=005xgx15=007¢g

Energy is conserved, - 107% =0.075g,
= 7*=00075g,7=027

Take the lowest point of the circle as the zero level for
potential energy.
Atthe lowest level the particle has

EE. =% <0.05% =0.025x4007% =107 T and

PE =0T
When the rod iz at angle tan 1; to the wertical the

particle has K E =0T {we are told that the particle

reaches thiz point and then starts to slide back, z0 we
catl deduce that the speed iz zero here) and

PE =005xgx075 {1+cos|{ tan 1%]}

=00675g]
Energy is conserved
1012:= 0:0675g

=026
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Motion in acircle
Exercise E, Question 9

Question:

Whenever a numerical value of g is required take g =% 8m s

A particle of mass 50 g iz attached to one end of a light inextensible string of length
75 cm. The other end of the string 1s attached to a fized point. The particle 15 hanging
at rest when it 15 hit with an impulse of /s horizontally causing it to start to mowve 1
a vertical circle. Find the value of 7 if

a the particle just reaches the top of the circle,

b the string goes slack at the instant when the particle reaches the point where the

_ LI :
string makes an angle of tan™ E with the upward vertical.

Solution:
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a A Impulse = change in momentum, so if the initial

speed of the bead is z m 57! then

F=0.05%,5=207

Take the lowest point of the circle as the zero lewvel for
potential energy.

Atthe lowest level the particle has
1

EE. =7 0.05xu* =0.025x4007* =107*7T
and PE =07
[ s If the tead just reaches the top of the circle then this is

the point at which the tension in the string becomes

058" zero, If the speed of the bead at this point is vm s !
then
w0050
00fg=—= v =0700g

F 0.75
The bead has risen 1.5 m so it has

PE=0050xgx15=0070g
Energy is conserved, so

107 = 0.075 g+%- 0.05%0.75 g =0.09375 g1 = 0.30

Talke the lowest point of the circle as the zero lewvel
for potential energy.
Atthe lowest level the particle has

EE =% <0 05xu? =0025<4007* =102 T

and PE =0T
When the bead just reaches the point where A5 is at

3 _ e :
tar lz to the vertical the tension in the string

kecomes zero, If the speed of the bead at thiz point is
vm s ' then

/ \ 1 2
U.Dﬂgcos‘ tan 1; |=£= i

r 075

o= 0_?5/3/% =il6ng

The bead has risen 075+ 06=135m,

sogaihin PE =005xgx135=00675¢g.

Energy is conserved = 107* = 0.0675 g+%/0.05/0.6 g=00825g
I =028
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Motion in acircle
Exercise E, Question 10

Question:

Whenewver a numerical value of g is required take g =9.8m 7.

A particle of mazs 0.8 kg is attached to end A of a light rod A8 of length 2 m. The end
B iz attached to a fized point so that the rod iz free to rotate in a vertical circle with its
centre at 5. The rod iz held in a horizontal position and then released. Calculate the
speed of the patticle and the tension in the rod when

a the particle 15 at the lowest point of the circle,

1

b the rod makes an angle of tan”™ g with the downward vertical through 2.

Solution:
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Let the speed of the patticle at the lowest point be

vm s, and the tension in the rod be T,

Take the starting level az the zero level for potential
energy, the particle starts with

PE=0and EE=10.

Atthe lowest level,

PE =—08xgxri=-1l6g

1 1
KE = Exmw" =§/o.8w2 = 0.4y

0.08¢ Conservation of energy
= —16g+04v' =0, vi=4dg
v= 63ms"
2
Force towards the centre of the circle =T -0.8g = BYe= w =16
r
T=24g=24HN

Let the speed of the particle at the point when

3
O=tan'Z be vm s !

T

, and the tension in the rod be

Take the starting level as the zero level for potential
energy, the particle starts with

PE=0and EE=0.

When A8 iz at O to the vertical the particle has
fallen 2cos@=16m .

PE =-0b8xgxlét=-128g

1 1
KE = E/m/v:" =§/U.8v2 = 0.4y

Conservation of energy
= -128g+0h" =0, v =32g

v=>56ms.
Force towards the centre of the circle = T—-0.8gcosf = i = 08x32g =128g
r
T=1_28g+0_8g-%=1_92g =19 N
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Exercise E, Question 11

Question:

Whenever a numerical value of g is required takke g =9.8m ™.

& particle of mass 500 g describes complete wertical circles on the end of a light
inextensible string of length 1.5 m. Given that the speed of the particle is 8m s at
the highest point, find

a the speed of the particle when the string 15 horizontal,

b the magnitude of the tangential acceleration when the string 15 horizontal,

¢ the tension in the string when the particle i3 at the lowest point of the circle.

Solution:

sms' Let the speed of the particle when the string 1s
horizontal be vm s '

Take the lowest point as the zero level for potential
energy, the particle starts with

PE =05%g»3 and K.E.z%- 0.5x8,

When the string 1z horizontal,
PE =05%xgx1.5 and K.E.z%- 0.5%v* .

Energy iz conserved
2

—15z+16 =075g +"’I

Vi=4(075g +16),v=9Tms "

b The only force with a vertical component 15 the weight
2

Acceleration = gm s

sms ! Let the speed of the particle at the lowest point be
vim s ', and the tension in the rod be TIT
Take the lowest point as the zero level for potential
energy, the particle starts with
PE =05%g»3 and K.E_=%- 0.5%8%.

When the string 1z vertical,

FPE =0 and K.E.=15- 0.5xv?

0.5e ™ Energy is conserved
2

=:-1.5g+16=%, v=111m "

0. 5

g L
L

TF=458H
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Motion in acircle
Exercise E, Question 12

Question:

Whenever a numerical value of g is required take g =% 8m s

A hghtrod AR of length 1 m has a particle of mass 4 kg attached at 4. End & 1=
pivoted to a fized point so that AF 1z free to rotate 1n a vertical plane. When the rod 1z
vertical with 4 below B the speed of the particle rod is 6.5ms™. Find the angle

between A5 and the vertical at the instant when the tension in the rod 15 zero, and
calculate the speed of the particle at that instant.

Solution:

Atthe lowest point let PE =07,

The E E. at the lowest point 1z
1

% 4x6.5 =84.57.
When AF 1z at angle 8 to the wertical, the tension in
) the rod is 7, and the particle has speed vm s .
"% Particle has risen {(1—cos), z0
DPE =d4xgx(l-coz6) ] and

g KE = Lxdxy? = 22
d 2

Energy iz conserved = 84.5 = 23 +4g{1-cosz @),
v =42.25-2g(1—cos@)
Force towards the centre of the circle

v’ _ 4(42.25—-2g{1—coz i)

=T —-dgcozf=
» 1
ST =dgrosd +169-Hg(1-cos) =169 +12g 0oz —Hg =0 when
cosB= B 180 s e idAlr
12g

1e =40 to the upward vertical and
v =4225-2g(l-cos@) =75 v=27ms?!
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Exercise E, Question 13

Question:

Whenever a numerical value of g is required take g=98m s~

A particle P of mass a2 kg 15 attached to one end of a light rod of length # m which 1z
free to rotate in a vertical plane about its other end. The particle describes complete
vertical circles. Given that the tenszion at the lowest point of F's path iz three times the
tension at the highest point, find the speed of P at the lowest point on itz path.

Solution:

Let the speed at the lowest pointbe wm s !, and the

speed at the highest pointbe vm s
The gain in P E. in moving from the lowest point to
the highest iz Zeegr.

The loss in E.E. 1= lzmug —Emvg

Energy 15 conserved

S Zmgr =%mu2 —lzmvg, v =yt —dgr

2

N o Atthe lowest point 37— g = il
mg F

v

Atthe highestpoint T4+mg = ——
r

Substituting for Tand v* in the first of these two equations:

(mn? —dgr) ) pad (i —dgr) 2
A ——=—mg |-mg = .2 —dg=—
r r v
23&2 ]
—=lbg,u =8gr,u=,,‘§gr
7

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 3

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise E, Question 14

Question:

Whenever a numerical value of g is required take g=98m s~

A particle P of mass # kg 15 attached to one end of a light inextensible string of length
# . The other end of the string is attached to a fized point &, and F describes
complete vertical circles about O Given that the speed ofthe particle at the lowest

point is one-and-a-half times the speed of the particle at the highest point, find
a the speed of the particle at the highest point,
b the tension in the string when the particle 15 at the highest point.

Solution:

: 3
Let the speed at the lowest point be Ev ms?,and

the speed at the highest pointbe vm s

The gain in P E in mowing from the lowest point to the
highest 15 2mgr.

1 () 1,

The loss in K. E. iz —m| — —Emv
Energy is conserved .
S dmgr = —m /ﬁ—lmvz =Emv2
: 2 4 2 8
e f 72 BE s [“ﬁ
5 5
lbgr
. . e 5 16z 1lmg
b Atthe highest point, T +mg = = = z T= -

r r

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise E, Question 15

Question:

Whenever a numerical value of g is required take g =% 8m s

A light inelastic string of length # has one end attached to a fized point & A particle &

of mass a2 kg 15 attached to the other end. P 15 held with OF horizontal and the string

taut. F iz then projected vertically downwards with speed J; .

a Find, interms of &, m and g, the tension in the string when OF makes an angle &
with the horizontal

b Given that the string will break when the tension in the string iz Zmeg I, find the
angle between the string and the horizontal when the string breals.

Solution:

With OF horizontal, the particle has

PE=0and KE= %mvz =%mgr :

When OF 13 67 below the horizontal, the tension in
the string 15 T and the speed of the particle 15 v

The particle has

DPE =—mgrsint and EE =%mv2

Energy is conszerved

mg

: 1
Emgr = —mgran + = ot
v = gr(l+2sind)
Eesolving towards O

v’ i mrgri 1+ 2 sin &)

T—mgsnf =
r F

T =mg{14+ 35 O
b When T =2mg N, Z2mg =g (1+ 3ain 0),5in 6 =1§,H =19.5°
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Exercise F, Question 1

Question:

Whenewver a numerical value of g is required take g =9.8m 7.

A particle F of mass s is attached to one end of a light inextensible string of length £
The other end of the string is attached to a fized point & The patticle iz hanging in
equilibrium at a point A, directly below O, when it iz set in motion with a horizontal

speed Jfﬁg

When OF has turned through an angle & and the string is still taut, the tension in the

string iz T,

a Find an expression for T

b Find the height of F abowe 4 at the instant when the string goes slack

¢ Find the maximum height above A reached by P before it starts to fall to the ground
agait.

Solution:

Conservation of energy.

1 5 1 4
—pu——pv" =gl l—cozf
= 5 =4 )
1 1 .
Emv2 =§mu —mgl{l—cosf)

v =3gl—2gi{1-cosH) = gl{1+2cosH)

Eesolving towards the centre of the circle:
y
BV
F—mgoost = 7

T=mgcosH+ng£(l+2cosH)=mg+3mgn:osh'

b String slack :‘-T=U:‘vc:lc:-sH=—%=‘,~hn&ight=.ﬁ'+%=4—£r

¢ When the string goes slack, v' = gl [l +2x [— 13]] =‘%§

. ; 1 g
=0 horizontal component of velocity =§ L

3
Tsing energy, if the maximum additional height 15 %, then
2
mg}z+lm>< l g_f =lm[g—£]
2 V3 2 L3
jg:i_ I_=E =£, he]_ght above A:E +£ — ﬂ
6 6x9 54 27 027 27
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Exercise F, Question 2

Question:

Whenever a numerical value of g is required take g =% 8m s

& smooth solid hemisphere with radius & m and centre & 13 resting in a fized position

oft & horizontal plane with its flat face 1n contact with the plane. & particle P of mass

3 kg 1s slightly disturbed from rest at the highest point of the hemisphere,

WWhen OF has turned through an angle & and the particle is still on the surface of the

hemisphere the normal reaction of the sphere on the particle iz &

a Find an expression for B

b Find the angle between OF and the upward vertical when the patticle leaves the
surface of the hemisphere.

¢ Find the distance of the particle from the centre of the hemisphere when it hits the
ground

Solution:

Congervation of energy from top
to &

mg-6=mg-6cosH+%mv2

v =12g(1-cos8)

Eesolving towards O

pnt 12x3g
r &

Sgcosi—6g=R

Agocost—R = (1-cost)

b R=U:~cosH=%,Hn48"
4 1
c v =125-§=4g
Speed —voosf, lvsing+ gz

: . 1 2
Distance — voos B, lvsmHﬁ+§gﬁg=6/§=4

2\,E£z+§zﬂ —aa92+ 2 a-¢
32 3
£=0.545...

Total horizontal distance from O=f6sn B+ JdgcosBxi=6"Tm
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Exercise F, Question 3

Question:

Whenewver a numerical value of g is required take g =9.8m 7.

A smooth solid hemisphere s fized with its plane face on a horizontal table and its
curved surface uppermost. The plane face ofthe hemisphere has centre O and radiug »
The point A iz the highest point on the hemisphere. A particle P iz placed on the

hemisphere at 4. It is then given an initial horizontal speed u, where w® = Tg . When

CF malces an angle & with OA, and while P remains on the hemisphere, the speed of
Fiz v,

a Find an expression for v*.

b Find the value of cosf when P leaves the hemisphere.

¢ Find the wvalue of v when F leaves the hemisphere.

After leawing the hemisphere P strilces the table at B

d Find the speed of P at B

e Find the angle at which P strikes the table,

Solution:
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=

R Conzervation of energy:
1
] 1 1
P Emuz +mgr = Emvg +mgrcos
a
' 9 1
b E+r"g=£=—vz+;?"‘g:|:-::sh'
p : 4 ) 2
F 2 Qrg
v = ——Zrgcost
a il
. W (9 '-
Eesolving towards & mgoosfi—R = i & mig Z_ 2cosd

3
R=0=3mocosl=mex_— cosli==
g g%, A

1 g

-

3
=_—2 o=
vy T ey

'r L

3

g g

Tl 4

d Conservation of energy from A4 to the table:

Lo sspulome
— Bt = =" +mgr
2 d
Sr =
2: 2-|-2 :E+2 = v=—
V i =F 4 gr 4 v 2 re

After leawing the hemisphere the horizontal

Direction 15 angle o to the ground,

© Pearson Education Ltd 2C
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3

o =64
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Exercise F, Question 4

Question:

Whenever a numerical value of g is required take g =% 8m s

A smooth sphere with centre & and radius 2 m 15 fixed to a horizontal surface. &

patticle & of mass 3 kg is slightly disturbed from rest at the highest point of the sphere
atd starts to slide down the surface of the sphere.

a Find the angle between OF and the upward wertical at the instant when P leaves the
surface of the sphere.

b Find the magnitude and direction of the welocity of the particle as 1t hits the
horizontal surface.

Solution:

Conzervation of energy:
1
mgr = Emvg +migrcost

v: = Zmgril—cosB) = dmg(1-cos @)
Resolving towards O
2t _ 3xdg(l-cosf)

3 H-R=
gLos > >

R=0=5%gcosl =bg, cosH=%
f =47

b Teing conservation of energy from the highest point to the ground:
1 :
Em*v2 =mgh=mgxd, v= NI‘E%—g when F hits the ground.

1 A
When P leaves the sphere v =dmg(1—cos ) =dmg /g,v= Tg
3 After leaving the hemisphere the horizontal
cotponent of the velocity remains constant.
Direction 15 angle o to the ground,
} o F J 2
w2 mm:gi.\ﬁ
2 3 ,|||8g 3 &

o =74
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Question:

Whenever a numerical value of g is required take g =% 8m s

A particle of mass s 1s projected with speed v from the top of the outside of a smooth
sphere of radius @ Inthe subsequent motion the particle slides down the surface of the

N
sphere and leaves the surface of the sphere with speed Egcz

a Find the wertical distance travelled by the particle before it loses contact with the
surface of the sphere.

b Find v

¢ Find the magnitude and direction of the welocity of the particle when it iz at the
same horizontal level az the centre of the sphere.

Solution:

Forces acting along the radius:
o mx3ga Zmg

mocosd— R =
& r 4 4

R=E]=‘~|:osh'=E
4

: a
Dhstance fallen =@ —acosf = E

b Conzervation of energy from the top to the point where the particle leaves the sphere:

a 1 Zge 1 4 1 4 3za gr ga ., ga =07,
g — == ——— =, v = — ==y =" y= |
4 2 4 2 o B 4 B 4 4

¢ Looking at the energy at the top and level with the centre:
1 1 1 9 3
Zot = S o+ omga =—m£+ﬁ:}zga:,v2 = E,v=— oa
2 2 4 4

2

After leaving the hemisphere the horizontal
component of the welocity remains constant.

f&g )
Direction i of, coser =£—£

0 -

o = 64" to the honzontal
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Question:

Whenever a numerical value of g is required take g =%8m s

A smooth hemisphere with centre O and radius 50 cm 15 fixed with its plane face in
contact with a horizontal surface. & patrticle F is released from rest at point A on the

sphere, where 04 1z inclined at 10° to the upward vertical The particle leaves the
sphere at point & Find the angle between OF and the upward vertical

Solution:

Conservation of energy:

1

1 1
2 :
—mpn” +mo—cosH =meo—coz 10
2 g2 gZ

v = glcos10" —cos )

Forces acting towards O
2
(]
mgoost— R =% = 2m

0.5 m

R=0=gros0=20" =2g(cos10" —cos0) = 3gros O = 2g cos1l”

cost = %coslU’,H = 49"
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Question:

Whenewer a numerical value of g is required take g =9.8m s™.

A smooth laundry chute is built in tweo sections, PO and OF Each section iz in the
shape of an arc of a circle. P has radius 5 m and subtends an angle of 70° at itz
centre, A ()& has radius 7 m and subtends an angle of 40° at its centre, 8 The points
A, @ and B are in a vertical straight line. The laundry bags are collected 1n a large bin

lzrn below A To testthe chute, a small particle of mass 2 kg is released from rest at

£,

a Calculate the speed with which the particle reaches  p
the bin at the bottom of the chute.

b Determine whether or not the particle loses contact
with the chute before i reaches R

Solution:

a Total height lost =5(1—cos 70" )1+ 7 (1—cosd01+05=5427 _m
Conservation of energy:

%- 2x1? =2xgx5427... v=103ms™

b At R%-2-vﬂ:2g{12—5cos?0“—7cos40“], v =96.58

2
i

Resolving Atowards B mgcosf—H= e

2
A=2gcosdl" - 2% =—2.6 <=0, which 15 impossible, so the particle has lost contact
with the chute before this point.
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Question:

Whenever a numerical value of g is required take g =%8m s

Part of a hollow spherical shell, centre & and radius e, i3 removed to form a bowl with
a plane circular rim. The bowl 15 fized with the rim uppermost and horizontal The

: 5w 2 : :
centre of the circular rim is ?a vertically above the lowest point of the bowl A

marhkle 1z projected from the lowe st point of the bow] with speed w. Find the minimum
value of u for which the marble will leave the bowl and not fall back in to it

Solution:

EE + PE atlowest point= %mj

KE. + P.E.atrim=%mv2 +mg -%‘*

7
= =" +—‘§a

After the patticle leaves the bowl:

The wvertical speed when the particle returns to the level of the rim of the bowl iz vein 8

in &
downwards, so using v=u+af,—vsin @ =vsin 0 —gi, £ = Zvsin
g
in &
The horizontal distance covered in this time is voosfx Svsig
g
The width of the top ofthe bowl = 2> ?a 2 4“;5“
= 2—sin ooz > 42 e /ﬁ/l = 2“"'5‘33, v > g
g 3 2003 3
& ?ﬂg_l_a%: 17ga

. . lag
so mintmum value of 13 -
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Exercise G, Question 1

Question:

: : ; ; ; . 3a
& particle of mass s moves with constant speed & in a horizontal circle of radius -

ot the inside of a fized smooth hollow sphere of radius 2. Show that Sag = Eﬁug .

Solution:

o R RiTiRcos 8 = myg
ant T
3a Ei{«s)Ranfl=——=
3 r a
2
T L
Jag
3o
g B ey 3
tan @ = = ——.,50
N
2
2t 3
—= =, Yag = E\ﬁug
%g A7
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Exercise G, Question 2

Question:

A particle P of mass w13 attached to one end of a light inextensible string of length
3a. The other end of the string iz attached to a fized point A which iz a vertical
distance & abowve a smooth horizontal table. The particle moves on the table in a circle
whose centre O s vertically below A, as showsn in the diagram. The string 18 taut and

the speed of Fis 24jag . Find

a the tension in the string,
b the normal reaction of the table on .

Solution:

M1z the normal reaction of the table on F,
T 1z the tension in the string, and & is the
angle between the string and the vertical.
Right-angled triangle so

OP=a-f3
2
Ry Tsing ="
a8
Tﬁ _ g
fe; a®

b R(T}:TcosH+N=mg=¢-N=mg—§mg-
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Exercise G, Question 3

Question:

A light inextensible string of length 257 has its ends fized to two points 4 and B, where
Az vertically abowe B 4 small smooth ring of mass # 15 threaded on the string The
ring 15 movwing with constant speed in a horizontal circle with centre B and radius 124,
as shown in the diagram. Find

a the tension in the string,

b the speed of the ring.

Solution:
a : Let & be the angle between the string and
B the vertical.
2 We have a5, 12, 13 triangle.

Ri{I)TcesO =mg

o 8 _ 13mg
my cos 5

: (. 12Y _m® 25 13
, e BT B 127

= =60g!, v=.,60g
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Exercise G, Question 4

Question:

A car movwes round a bend which s banked at a constant angle of 12° to the horizontal
When the car is travelling at a constant speed of 15m 7' there iz no sideways

frictional force onthe car. The car 15 modelled as a particle mowing in a horizontal
citcle of radius » metres. Calculate the value of #

Solution:

F iz the normal reaction of the surface on the car.

o friction
R Rcosl2” =mg
2
R (<) Rsin 12" _my _mx15
r F
Diwiding  tan 12° =%
ar
o g
gtanl2”

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Motion in acircle
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Question:

A particle P oof mass #2 15 attached to the ends of twe light inextensible strings AF and
EP each of length /. The ends 4 and B are attached to fized points, with A vertically
abowe Jand AF =7, as shown in the diagram. The particle P moves in a horizontal
circle with constant angular speed @ . The centre of the circle is the mid-point of A8
and both strings retmain taut.

a Show that the tension in AP i3 %E 2g +ic’ ).

b Find, in terms of 2, /. o and g, an expression for the tension in 5P

¢ Deduce that o° = i—g )

Solution:

Tis the tension in AF and & 12 the tension in BF
The triangle iz equilateral (3 equal sides).

R : Tcosbl® =mg+Scostl”

F-5 =2mg

E(es): Tros30° + 5 cos 30° = mros®
(T+&cos30" = mid cos 30 x@?

T+5 = mio’

Adding these two equations gives

0T = 2mg +wdco®, T = %(23 +ieh),

b §=T-2mg= %(;uﬁ ~2g)

: 2
¢ Both strings taut = Jew* - 2g =0, > Tg
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Exercise G, Question 6

Question:

P ‘)
(]

A particle P of mass w2 iz attached to one end of a light string of length 7 The other
end of the string iz attached to a fized point A The particle maoves in a horizontal

circle with constant angular speed @ and with the string inclined at an angle of 45° to
the wertical, as shown in the diagram.

a Show that the tension in the string is ﬁmg i
b Find @ interms of g and/.

Solution:

T1is the tension in the string.

Ril): Tcosds =mg,T=~,.'Emg

b Ei«s): Trozdi = mr)® =milcosd5 T =mie’ = % = 1{%
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Question:

& rough disc rotates in a horizontal plane with constant angular velocity @ about a

. . . . . . 3
fized vertical axis. A particle & of masz 2 lies on the disc at a distance gcz from the

axis. The coefficient of friction between & and the disc 1s = Given that F remains at
rest relative to the disc,
5
a prove that @® < 28,
Ta
The particle is now connected to the axis by a horizontal light elastic string of natural

;w3 . ) ;
length % and modulus of elasticity % . The disc again rotates with constant angular

. . . . . . 3
velocity @ about the axis and P remains at rest relative to the disc at a distance Ea

from the ams.

b Find the range of possible values of @,

Solution:

> %

F 1z the force due to friction,
F . £ is the normal reaction.

d RE(l): R =mg
37 J Ri<s): F = mree®

If 7 iz not to slip then

Emg = mgamg
ratg 2
e
b L Tz the tension in the elastic string.
i I / 3
S | g““% e
g Lt L g = E
! @ 10 2
. 2

i F Ax 2

The limits for @ depend on whether the friction is acting with the tension or

against it
Ele): Emg+ﬁ Emgatrﬁ,m:‘ < 2 13g _ 65¢
7 2 5 I 14 42a
ot R(es): =g +7E < P > 2x B = 38
7 2 5 3@ 14 424
Sg cmt< 6og
42z 42a
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Question:

A particle P of mass 0.6 kg is attached to one end of a light inextenzible string of
length 1.2 m. The other end of the string 1z attached to a fized point 4 The particle 1s
moving, with the string taut, in a horizontal circle with centre & vertically below A.

The particle is moving with constant angular speed Zrad s ' Find

a the tension in the string,
b the angle between AF and the downward vertical

Solution:

7 1z the radius of the curcle,

Tis the tension in the string and Z0AF 1z 6
From the triangle, »=12znd
R(es): Tsinf =mre® = 0.6x1.25inHx 9

T=06x12x% =648

b Ri{PTcosl =mg, 648cos0=06g, cosl = % =0907 8 =25
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Exercise G, Question 9

Question:

A particle P of mass s mowes on the smooth inner surface of a spherical bow] of
internal radius 7. The particle moves with constant angular speed in a horizontal circle,

which 15 at a depth % below the centre of the bowl. Find

a the normal reaction of the bowl on F,
b the time it talees P to complete three revolutions of its circular path,

Solution:
a p- : The angle between the radius through F and
% R the vertical 15 & P has angular speed
. P rad s
EJ \[ K15 the reaction of the bowl on P.
; Rl Roost =mg R =dmg.

f4 f4
b Ei<): Ranfl= w0 =mxrsinO@x @, w= i S
43 “\{;

s

ﬁ
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Question:

A particle F of masz #2 i3 attached to one end of a light inextensible string of length a.
The other end of the string is fixed at a point & The particle 15 held with the string taut
and OF horizontal It 1s then projected vertically downwards with speed u, where

ul= 3 g . When OF has turned through an angle 8 and the string is still taut, the
speed of & iz v and the tenszion in the string 15 T, as shown in the diagram.

a Find an expression for v? in terms ofa, g and 6.

b Find an expression for Tinterms of me, g and &.

¢ Find, to the nearest degree, the value of 8 when the string becomes slack.

d Ezxplain why P would not complete a vertical circle if the string were replaced by a

light rod.
Solution:
a g e Lossin PE =gan inEKE so
' lmg—lmu2=mgasinfd
2 2

4 ;
= =§ga +2gasinf

2
b Eesolving towards & T —mg sinH=ﬂ
bl
4 4 "
T=§mg+2mgsinﬁ+mgsinh'=mg §+35inH

¢ T=0 when sinfi =—

8 =206

d When v=0sn 0 =-

L= ISRV

= —%, (B = 222" sothe particle can not complete the circle.
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Exercise G, Question 11

Question:

A particle P of mass 0.4 kg iz attached to one end of a light inelastic string of length
1t The other end of the string iz fized at point O F iz hanging in equilibrium below

O when it is projected horizontally with speed u ms ' When OP is horizontal it meets
a small smooth peg at (2, where O = 0.8m  Calculate the minimum value of w2 1f P 1g

te describe a complete circle about O

Solution:
e oA Ceonsider the circle centre O, radius 0.2 m.
= — - When (JF is at 8 above the horizontal:
1 . 1

Energy: —now +mgx 0. 2sin 6 =—pn?,

I m 2 2
w=v' —(.4dgsin 6
where v 15 the speed when 8 =0, and w the

P J speed at angle 6.

W zm(v2—0.4gsin &)
» 0.z
_my 04gsin }—mgsinH=mv 0.6 gsin :I_*CI
0.2 0.2

Looking at the larger circle, conservation of energy

Circular motion: T+mgsint =

ﬁlzmvg + g 1=%mu2, vi=u - 2g

At the top of the small circle, sinf =1,

=u?-2g-06g20u*226gu>.j26g
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Exercise G, Question 12

Question:

A zmooth solid hemisphere 15 fized with its plane face on a horizontal table and its
curved surface uppermost. The plane face of the hemisphere has centre & and radius @
The point A 15 the highest point on the hemisphere. & particle F 15 placed on the
hemisphere at 4.

: : — _ &
It is then given an initial horizontal speed u, where u® = ?g When OF makes an

angle B with O4, and while P remains on the hemisphere, the speed of P ig v,
a Find an expression for v*.
b Show that P is still on the hemisphere when 8 =cos 10.9
¢ Find the value of
1 cosf when P leaves the hemisphere,
1 v when P leaves the hemisphere.
After leawing the hemisphere P strikes the table at 5.
d Find the speed of Fat B
e Find the angle at which F strikes the table.

Solution:
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a ag F iz the reaction between the patticle
AN and the surface.
P Ifthe lewvel of F iz the level of zero
y D E, conservation of energy

mg

1 ag 1
= —m—tmga(l—cos 8) = Zmv*,
i ga( ) -

V= g—;+2ga(1— cosf)

= g—;(ﬁ—dlcosH)

2
PV

b Eesolving towards & mgoos—R=——= %(5 —dcost)
r

Substituting cos@=09: R=mg =09 %(5—3.6) =0.2mg > 0
go P g still on the hemisphere,

c i R=D:~cosH=%(5—4cosH),3cosH=§,cosH=§.

10, 5 5
1 V2=£(5_4COSH)=%(5_—}=E,V= E
Z 2 3 & &

d By considering K E +PE atAdand B, if v iz the speed at &,

After the patticle leaves the sphere the horizontal

: : Sga 5
velocity remains constant = T/E

If @ 1z the angle at which the particle strikes the

Sga 5
= e, ¥ S
y ¢ B 53

Sga 643
2

table thencosar =

o =61
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Question:

i

Part of a hellow spherical shell, centre & and radivs », 1z removed to form a bowl with
aplane circular rim. The bowl is fized with the circular rim uppermost and horizontal
The point O iz the lowest point of the bowl The point B is on the rim of the bowl and
OF8 1z at an angle o to the upward vertical as shown in the diagram. Angle o satisfies

tan o =% _ A smooth small marble of mass #2 15 placed inside the bowl at & and given

an initial horizontal speed &, The direction of motion of the marble lies in the vertical
plane OO8 The marble stays in contact with the bowl until it reaches B

When the marhle reaches 5 it has speed .

- - 2
a Find an expression for +v°.

b If = dgr, find the normal reaction of the bowl on the marble as the marble
reaches 5

¢ Find the least possible walue of 1 for the marble to reach &

The point A 15 the other point of the rim of the bowl lying in the vertical plane CO8.

d Find the walue of & which will enable the marble to leave the bowl at & and meet it
again at A.

Solution:
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EE+PE aa C=EE+PE alZ.
IfPE =0 at O then

L paet = v +mg(r+rooso) = ] mv2+8m 7
2 2 2 B
16
30_ &4
V=t - —gr
5 g
L
2
b =dgr = v =igr. Eesolving towards O R+§mg= ﬂ=4ﬁ,ﬂ=ﬁ
5 5 r 5 5
=158 —_—
- 2
c R=0 atg:Bmg=mvz= 3 __.,mu =3mg+16mg,u= 19gr
] r » r ] ] ]
d The particle 12 now moving freely
m under gravity.
1 i 3, I Horizontal distance
' : B
= 2rsintl = — =vcosaxi
I8
g0 f=—.
3w
Wertical distance=10 =4—vﬁ—lgzz :*:ﬁ:g—v=8_r — = 5&

=Y
Sg v 3
:  org +16gr o A igr

e § st

— i
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Exercise G, Question 14

Question:

A particle is at the highest point A on the cuter surface of a fixed smooth hemisphere
of radivg & and centre & The hemisphere is fized to a horizontal surface with the
plane face in contact with the surface. The particle is projected horizontally from A

with speed u, where = Jfag  The particle leawes the sphere at the point B, where OF

tnakes an angle & with the upward wertical, as shown in the diagram.

a Find an expression for cos@ in terms of u, g and a.

||5
The particle strikes the horizontal surface with speed % .
b Find the value of .

Solution:

[73

Equating the EE+FE atAdand 5
Emj + g =%mv2 +mgacost

=v? =u® 4+ 2ga(l-cos @)

2
PV

Resolving towards & mgeosfl—R= —
o

E=0=agrost =z’ +2ga(l—cos &)
3agcos@ =u’ + 2ag
2
+2
Sag

b Conzervation of energy from A to surface:
7 1
Em + g = —

LU
2
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