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Motion in acircle
Exercise A, Question 1

Question:

Express

5 . . -1
a an angular speed of 5 revolutions per minute in rads™,

b an angular speed of 120 revolutions per minute in rads™,
¢ anangular speed of 4 rad s in revolutions per minute,

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

Solution:

Sx 2w

a Srevmin '=5%27 rad min = rads = 0524 rad st

b 120rev min ' =120%27 rad min * = 1206'02” rads =12 6radst

¢ dradst=4%60rad min 1=42-60 rev min ' = 382 rev min
Mrevh L1720 rev kit

d Srads'=3x60x60radbh ! =

2m
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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?t

b 40 rev min.

Solution:

a v=rov=20x4=80ms "

b Distance per minute = 40 27 = 20=16007 m

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

Question:

A particle moves on a circular path of radius 25 cm at a constant speed of 2m 5™

Find the angular speed of the particle

a in rads™,

. ce]
b in revmin

Solution:
a m=£=i=8rads : +— DIleed to convert cm to m.
oo 025
1 . axaél o
b Brads =Bxé0radmin = 5 =76.4 rev min
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Question:

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

b 25rev min’t

Solution:

a v=rov=08x25=2ms "

b 25revmin ' =25%27 radmin ' = rads '=2617. radst

v=pm:v=08%x2617.  ~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:

T distance B 2w an A
speed 7

b w=—=—=014rads’
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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™,
1

¢ the speed of a particle at a point 8 cm from the centre of the disc in ms™

Solution:

a lrevin10s=01revs ' =01x2mrrads ' =0628 rads .
b v=rw:v=012x0628. =0.0754d m s’
¢ v=ra:v=008x0628_ =00503ms"
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Exercise A, Question 7

Question:

A cyclist completes two circuits of a circular track 1n 459 seconds. Calculate
a his angular speed in rads™,

b the radius ofthe track given that his speed is 40km h ™.

Solution:

a 2 owrcuits = 2% 27 radiansin 45 seconds =4irads Lo 0279radst

b 40kmh 1=M=]1.]...ms -
_1_11.111_398
w 0.279
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Exercise A, Question 8

Question:

Anizh 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 reveolutions per
tninute, calculate the speeds with which Anish and Bethany are moving.

Solution:

. 1ox2n

10rev min ' =10% 27 rad min ' = 75 rads ' =105radst

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 model train completes one circuit of a circular track of radius 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 = 0242rad st

b v=rm:v=15x024166_ =0362m s
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Exercise A, Question 10

Question:

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

angular speed of the train in rads™.

Solution:
150km b 1=Mms el 7ms?!
2600
gt e HOO060 . g
r 750
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Exercise A, Question 11

Question:

The hour hand on a clock has radiuz 10 cm, and the minute hand has radivs 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 Hourhand: 27 radiansin 12 hours = 2—T rads = 0000145rad 571
12= 3600

Minute hand: 27 radians in Thour = 32;0 rads 1 =0.00175rads L

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

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

Solution:

Mrads '=126rads™

1200 rev min ! =1200% 27 rad min * =
v=rcy= 12566 %05=628ms "
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Exercise A, Question 13

Question:

A pramophone 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 45revmin '=45%27 radmin = ael rads ' =4 Tlradst
W 12 R
p=—=———=255cm +— Worling is in cin, 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

radiuz 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=2mrx1.5 10 m,

2mx1.5% 101

Sospeed=———""~ _-30000m s’ <«—— We can not achicve more than 2 s.f
365x 24 %3600 accuracy in the answer because one of
the original values only contained 2 s.f
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Exercise B, Question 1

Question:

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

A particle is moving on a horizontal circular path of radiug 16 cm with a constant
angular speed of Srad 5™, Calculate the acceleration of the particle.

Solution:

a=rm? a=016x25=dms?
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Question:

Whenever a numerical value of g is required take g=98m ™.
A particle i2 moving on a horizontal circular path of radiue 0.2 m at a constant speed
of 2.5 m s Caloulate the acceleration of the particle.

Solution:

2 2
i :a=£-—-20.8ms o
03

=
¥
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Exercise B, Question 3

Question:

Whenever a numerical value of g is required take g =9 8m s
A particle i3 moving on a horizontal circular path of radius 3 m. Given that the
acceleration of the particle 1z 79 m s towards the centre of the circle, find

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

Solution:

2 ot . 1
a a=r0 TO=3w" ' =25, mw=5rads .

2 2

b ﬂ:v_;’;‘ﬁ:%,vg=3/?5=225,v=15ms i
r
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Exercise B, Question 4

Question:

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

& 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=r?: 100=060" o =166 7.c0=129rads™".
2 2

b oa=100=2— v =100x06=60v=775m s
r 0é
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Exercise B, Question 5

Question:

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

& car 15 travelling round a bend which 15 an arc of a circle of radius 90 m. The speed
of the car is 50 km b~} Calculate its acceleration

Solution:
50%km h l=mn13.89ms 1
] 2
—v—'a= i =2 14ms?

s
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Exercise B, Question 6

Question:

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

A car mowing along a horizontal road which follows an arc of a circle efrading 73 m
has an acceleration of 6 m 5™ directed towards the centre of the circle. Calculate the
angular speed of the car.

Solution:

a=ra’ 6=T750% * =008, m=0283rads!
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Exercise B, Question 7

Question:

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

Oine end of a light inextensible string of length 0.15 m 15 attached to a particle & of
tass 300 g The other end of the string is attached to a fized point & on a smooth
horizontal table, P moves in a horizontal circle centre & 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!
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Exercise B, Question 8

Question:

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

One end of a light inextensible string of length 25 cmn is attached to a particle F 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 tenzsion in the string i3 7
Taing 7 = ma

2
RN g

PO15kg
9ms
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Exercise B, Question 9

Question:

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

A smooth wire 15 formed into a circle of radius 012 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 57, 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 vertical component of the

PMims force 1z &

E(DR=006g=053HM
g h suppose the horizontal component of

the force 15 7

Tsing 7 = ma,

s 0.06x 3 .

01z
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Exercise B, Question 10

Question:

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

A particle F of mass 15 grests on arough horizontal disc at a distance 12 cm from the
centre. The disc rotates at a constant angular speed of 2 rad s7°, and the particle does

not slip. Calculate
a the linear speed of the particle,
b the force due to the friction acting on the particle.

Solution:

a v=rm:v=012x2=024ms*
b Tsing F = ma
F=0015x012=22=00072 1

POOIS ke
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 a rough horizontal disc at a distance 20 cm from the centre. When
the disc rotates at constant angular speed of 1.2rad s, the particle is just about to
slip. Calculate the value of the coefficient of friction between the patrticle and the disc.

Solution:

R

. ﬁ 1.2 rad s
Mg

Let Rbe the normal reaction between the particle and the disc, & the frictional force, A
the masz of the particle, and u be the coefficient of friction between the particle and the
dizc,
Rl R=Mg
The particle 1z about to slip, so F=F_ =ufi=uMz
Using F =ma, uMg = M x0.2x1.2* = M x0.288,

e 0.288

b4

= 0029
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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 0,25 m from
the centre of the disc. The coefficient of friction between the particle and the disc 15
0.25. Given that P 15 on the point of slipping, find the angular speed of the disc.

Solution:

R

J'il mrad s

ll_]_l_;

Let Ate the normal reaction between the particle and the disc, F the frictional force,
Given f =025 and F=F,  =0254
R R=03g:s0 F =10 25%03g.
Using F =ma, 0.25x0.3 g = 0.3x025xa’,
g =af
=31rads
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Exercise B, Question 13

Question:

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

& car iz travelling round a bend in the road which iz an arc of a circle of radiue B0 m.
The greatest speed at which the car can travel round the bend without slipping iz

40km b7 Find the coefficient of friction between the tyres of the car and the road.

Solution:
R
40k h = 30000 g gyt
f'% 40 km h Let the mass of the car be M Let # be the force due
¢ J to friction between the car tyres and the road, u the
80 'm ’ coefficient of friction, and & the normal reaction
ketween the car and the road.

Mg
At maximum speed the car 15 aboutto slip, so F=F,,
B(DR=Mg, 50 F=F,_ =uR=uMg

Mx1111% 11177

B« Using F =ma, itMg=——— 1= =0.16
{+) Using e, UMe 20 [ 2098
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Exercise B, Question 14

Question:

Whenever a numerical value of g is required take g=9.8m ™.
A ocar 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:
R
T
Let the mass of the car be Af
Let F ke the force due to friction between the car tyres
. ( ) I and the road, and & the normal reaction between the
car and the road.
< m A Max speed = F=F, .

s
Mg

R(DAR=ma,s0 F=F,_ =uR =l§Mg.

R () Using 7 = m,%Mg = M = 60% 0, c? =% = 0.054,0=023rads L
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Exercise B, Question 15

Question:

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

Oine end of a light extensible string of natural length 0.2 m and modulus of elasticity
101 is attached to a particle P of mage 230 g The other end of the string iz attached to
afized point & on a smeoth horizontal table. P maoves in a horizontal circle centre O at
constant angular speed 3rad s, Find the radius of the circle,

Solution:

If'the extension in the string 12 x m, then the radius
of the circle 15 (0,24 2) tm, and the tension in the
string 15 given by

P25 ke _ .-'.‘..,X | 1Ux

1
s a 0.3

Tsing F=m,m—x= 0.25= {03+ x)= 32,]Elx=g- iI(ICII.3+J':)
03 4 10
A00x =814+ 27%,373x=8.1,2z=00217m

= the radius of the circle = 0.322 m
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Exercise B, Question 16

Question:

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

A centrifuge consists of a vertical hollow cylinder of radiuz 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:
<||._‘ m
90 ey -1 FUrEV S '=90x2m rads™
. P = 180m rads™.
005 k_ Let the normal reaction between the particle and the cylinder
be A

(<) Using F =ma, R=0.005x0.2x(1807)* = 320 ]
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Exercise B, Question 17

Question:

Whenever a numerical value of g is required take g=98m ™.
A fairground ride consists of a vertical hollow cylinder of diameter 5 m 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 1z 3 find the minimum walue for ¥

Solution:
2.5m
& suppose that the person has mass M Let the normal reaction
TN w ead 5! between the person and the cylinder be A F is the fictional
. ¢ |1 force between the person and the wall of the cylinder.
4 Mkg

=

Minimum W = the personis aboutto slip = F=F__ =§R

Ao, R(T)= £, =Mg, s0 Mg=§ﬂ,ﬂ=%

z

—Using F =ma,

324, 3 3
=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

Tweo particles P and O, both of mass 20 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 passes through a small smooth hole in the centre of the table, and particle O
hangs freely below the table at the other end ofthe string. Fis moving on a citcular
path about the centre of the table at constant linear speed Find the linear speed at
which F must mewe if (¢ 15 in equilibrium 10 cm below the table.

Solution:

POLOS ke
02m_/ __, yme! Let the tension in the string be TH, and
'.r'f\“_lm the speed of Pbe vms L.
' £ 18 in equilibrium, so
\ Q008 ks R at @=T=008g
0.08 g

For F, TUsing & =,

_0.0%7

T=008g= W =02xg=1%v=14ms "
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Question:

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

A particle of mass 1.5 kg iz attached to one end of a light inextenzible string of length
60 cm. The other end of the string iz attached to a fized point 4. The particle moves
with constant angular speed in a horizontal circle of radiuz 36 cm. The centre of the
citcle iz vertically below A Calculate the tension in the string and the angular speed of
the particle.

Solution:

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

REil): TcosB=15g

148 m -

LA =3_5,T=]5_g.-_ 121
] 2 a
R(es): Tsin 6 = mro?
= ET = E w136 L'r.\‘:2 ,T= U.Qt’r}g
3 2

Equating the two expressions for T

15—2 . U.Qtr}z
8
2 15g

oy =
098

=2041,m0=45rads !
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Question:

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

A particle of mass 750 g1z 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 A The particle moves
with constant angular speed in a horizontal circle whose centre 13 0.5 m vertically
below A. 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.

Eil):TrosH =%Tg

:
05m
]

7 4 20

R(es): Tsin 6 = mra’

= 7= E/r /t'r_}z,T=E/ 0. 7c0?
4 4

07
Equating the two expressions for T
28 30708
200 4

W = % =19.6,m=44 rad 3L
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Question:

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

A particle of mass 1.2 kg iz attached to one end of a light inextensible string of length
2t 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 iz 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 1s
&, and the radius of the circle 13 7

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

By Tessl =125

Ri<3): Tsinb = mre’

:-T/% =10xrxn? T=>24dn2

=237TH
and using thiz value in the first equation gives
[12g
6 =rcos * ?g = cos 0,496 = 607
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Question:

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

A conical pendulum consists of a light inextensible string A8 of length 1 m, fized at.4
and carryving a small ball of mass & kg at & The particle moves in a horizontal circle,
with centre vertically below A, at constant angular speed 3.5rad 5™ Find the tension
in the string and the radivg of the circle.

Solution:

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

B(l):Tcoosh =6g
R(e): Tsin@ =6xrx35°

T~%=73.5r,?=?3.5N

and using thiz value in the first equation gives
FiocesB=6g, cos =08 radius=snd=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 /. fized at A
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, 1n terms of #2, { and
i, the tension in the string.

Solution:

Let the tension in the string be T The angle between the
string and the vertical 1z @, and the radius of the circle iz
)

E(es): Tain# = mxrxw?

F 2
— = EPEO

T = mic’
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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 A8 fixed at A and carrying a
small ball of mass sz at 5 With the string taut the particle moves 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 1z @, and the radius of the circle 1z
r.

R(es): Tsin @ = mxr x o
R Teosh =mg

Diwiding the first equation by the second
2

Lia ]
= tan @ =
mg
r .?'L'r_\‘2 2
P —d U"‘ xr= g
& g
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Question:

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

A hemispherical bowl of radiuz 7 15 resting in a fized position with its rim horizontal
A particle P of mazz 13 moving in a horizontal circle around the smooth inside
surface of the bowl,

The centre of the circle is % 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:

F iz the normal reaction at F.

TTzing geometry, we know that the radius at P 1s
perpendicular to the tangent at &, so & acts along this
radius.

f 15 the angle between the radius and the vertical.
TTzing Pythagoras' theoretmn we know that the radiug of

2
the circle 13 \/%r.

E(1): Reost =myg

§=mg,ﬂ=3mg

Ei{<): Rsinf = m\/grfr}z
\[Eu
RYZ - m\/grfr}z
» 9

substituting for & and simplifying:

]
dmmg = mrtr}g, 1= °8
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 fxed position with its rim
horizontal. A small marble of mass s i moving in a horizontal circle around the

smaooth inside surface of the bowl The plane of the circle 12 3 cm below the plane of
the rim of the bowl. Find the angular speed of the marble.

Solution:

&1z the normal reaction at the marble,

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

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

mg  the circle 18 wz -9,
R(es): Rsinf = mnfr — 90
3

N

£ = mafr® — 9o’
r
R
“_}2 p oo i
mr
3
R(D): Reos@=mg =R > _,R:%
r
cubstituting this expression for & in the first equation:
2_wgr 2 B
W =—=— u=_|—
e 3 3
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Question:

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

A hemispherical bowl of radius 15 cm is 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 P s perpendicular to the tangent at
that point, so & acts along this radius.

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

The particle moves on a circle of radius » m, depth & m
kelow the rimn of the bowl,

R(T): Recos =mg L
Ri<s): Rsin® = pwres® @
Dividing @+ to eliminate &,

tan H:%:%
B B S
=d = 7713 0.05m=5cm
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Question:

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

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

126km h™', find the value of &.

Solution:

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

1251ﬁnh1=M=35m51
. 3600

R(T): Reost =mg @

2 ]
R T e 3
, 750

Diwviding @ + @ to eliminate & and s
35°
alg

= tan # =

=01678=97%5
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Question:

Whenewer a numerical value of g is required take g =98 m 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 mowve if there 15 no frictional force?

Solution:

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

car and the road with a horizontal component.
Ril): Reoosl(h =myg

] . P?EVQ P?I'I)Z2

R(es): Rainler =222 =2V

LI M

r 200
Dividing to eliminate &
2
= tan 10" = —
300 g
v =300 gtan10° =518.4 ..
v = 23ms’?
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Question:

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

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

Solution:

Mo friction, so just the normal reaction, &, between
the cycle and the road with a horizontal component.

:’ q j"“' E(l): Reoos20" = 75g
20 7550

R(es): Rein20" =

50
Dividing to eliminate &
2 2
sy B0 u ¥
20x<75g 50g
v' =50 gtan 20" =178.3...
v =13mst

It was not necessary to know the wvalue 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:

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

A bend in the road 15 a horizontal circular arc of radius . The swface of the bend i3
batked at an angle & to the horizontal When a wehicle is driven round the bend there

15 no tendency to slip. Show that the speed of the vehicle 15 yfrgtan o .

Solution:

R

¥/ Mo friction, so just the normal reaction, &, between
i : the vehicle and the road with a herizontal
component.
Eil): Roosa = mg

2
R{es): Rsing = 22
Z

mg

Diwviding to eliminate &

mvz 'Ii'2
=tan = — = —

mg g

v =rgtanc,v=.,/rgtan o
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Question:

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

A girl rides her cycle round a circular track of diameter 60 m. The track 15 banked at
15" to the horizontal. The coefficient of friction between the track and the tyres of the
cycle 13 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:

\@//I £ 1z the normal reaction between the cycle and the

track. & 1z the force due to friction. At minimum
i _ speed the force due to friction 15 acting up the slope
- 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 about to occur, F =p &
BT ReoslS + Feoos79 =60g

cos 7o | =Bz

R| cosld +

2
R(cs): Reos 75 — Foosls = 60/;’_0

cogls” )

R| cos 75" — ‘ = 2y
Diwviding .1.:0 eliminate & :
c-::us?'ﬁ"—ms15 o2
4 2w
- 7> 60
cos 15+ £

g cosdT —025xcoslT 30

cosls" +0.25xcos 75
. 494 0 v=22mst

4

=
I

© Pearson Education Ltd 2C

file://C:\Users\Buba\Desktop\further\Mechanics 3\mmt\sb\contenttim3 4 c 14.h 3/4/201:



Heinemann Solutionbank: Mechanics 3

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise C, Question 15

Question:

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

& wan 1z moving on a horizontal circular bend in the road of radiuz 75 m. The bend 15

banked at tan'lé to the horizontal. The maxzimum speed at which the van can be

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

Solution:

f 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.
9 1 15 the coefficient of friction between the tyres and

the road.
Agslipping 15 about to occur, F=u k.
90km b 1= 200000 o5 ot
3600
R Feinf+mg = FHcosd
o

REies): Foosf+Reinf = m,f%
Substituting F =p R
=mg = R{cos— Usind)

%Tm =E{pucost+zind)

Dividing to eliminate #
. 25  pfreoosB+sinf y+tand

2g cosB—panf l-ptand

{on dividing top and bottom by cosH)

s N
= 3|usingt;a.t1lts'=§|

K
3

_3u+1
g i
=203 =3g(30+7D
Frarranging thiz equation gives
Hg+ 25 =75-73g
WLl A

9g4+25
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Question:

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

A car moves 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 iz 0.3 The mazimutn speed at which the car can be driven round the bend

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

Solution:

Rk ;
£ 15 the normal reaction between the car and the
— o track. 7 1z the force due to friction. At mazimum
. //’ speed the force due to friction 15 acting down the

i slope to stop the car from sliding up.
(] The track 1z banked at & to the horizontal
As slipping i3 about to occur, F=uR.

PO o gl BT )
2600
Rili:mg = ReosO—Fsin 0
2
FL{"—*J:RsinH+Fc:osH=m/ﬂ
100

substituting & = & and dividing to eliminate #
sinf+0.3cosf  40?
— —]
cosB—03zsnf 100g
Dividing top and bottom of the left hand side by
cost
tan 4+ 0.3 1600 16
= = =
1-03tanf  100g g
gltan @ +0.3) =16{1-03tan )
tanB{g+4.8) =16-03g

tan 6 =m:g.gg4_“
g+4.8
f =42
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Question:

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

A bend in a race track iz banked at 307 A& car will follow a horizontal circular path of
radiuz 70 m round the bend The coefficient of friction between the car tyres and the
track surface 15 0.4 Find the maximum and minimum speeds at which the car can be
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 1z equal to uR =048

ffﬁf,ffffflf“: R Reos 305 Fan 20" =umg

Ell ing E{)F cos 30"+ Rain 30° =%

substituting F =048 and dividing

=$v2 _ D 4cos30" +sin 307
Mg cos20 —0.4ain 30°

=y =8717...

= =29 5m s

1

At minimum speed, F acts up the slope

E(DRcos30"+ Fain 30" = mg

2
fy

Ei{)Ran30" - Fros30" = —

70
v sin30° —0.4cos30°
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 A8 The ring
moves with constant angular speed on a horizontal circle of radius 0.6 m.

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

Solution:

EBecause the ring 1s smooth and the string 15 continuous, we
have only one value for tension, T

Eel): Tros30" —Toosbl” =05g
Tloos30 —cosb0™) =05 g

e 0og _
cos 30" —cosbl”  Af3—1
~134N
R(e3): Teos 607 +T cos 30° = 0.5x 0.6x e’
il
Tleos 60 +cos307) = 0. Gy

Substituting for Tand the trigonometric ratios:

(1443 ) ‘ 0.6’

.I 1 ‘
Fearranging:

oo B0
C 063 1)

m =78rads?
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Question:

Whenever a numerical value of g is required take g =9.8m 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. A particle of mass 750 g iz attached to the end &

The particle iz mowving it a horizontal circle below 4 with the string inclined at 40° to
the vertical. Find the angular speed of the particle,

Solution:

T iz the tension in AR AF iz an elastic string, if the
extension in the string iz x then T = 2% %
Eil):Teosdl" =075¢
E(es): Toin 40" =0.75xrxa’
The radiug of the circle 12 (2 +x)sind0”, 20 substituting
for r and T gives
15xsin 407 = 0.75% (24 z) sin 40° <0

B ol 15x _ 20x

07524 %) 2+«x
From the first equation:

15xcezd” =075 g
0.75g

x o P S vl
15cas40°
=@ =4846 w=22rads

=063
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Question:

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

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

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

Solution:

L iz the lift force, and » iz the radius of the circular arc.

200 e 1 < 3001000 1000
3600 9

25000

In 25 seconds the awcraft travels

m .

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

For 45°, @ = % <2mr r=35367 .m
For 315", 25000 7

=§ C2mr,r=50525m

B : Loosr = 2000 g
2000w

r

FEile) Dainer =

Dividing the second equation by the first
2

v
= tanc=—
rg
When r=35367__
o0*
9 %3537 9.8
o = 207, and £ = 21000 1

When r=35052._.

2
9°x505.3x 5.8

o =68, and L=53000 1

356

tan of =
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Question:

Attime £ seconds the position vector, relative to the centre of the circle, of a particle
moving in a herizental circle, centre O, at constant angular speed wrad 57 is given by
I =7 oS el + 7 510 )

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=re.

Solution:

a I' = I COS (6L + 7 510 (0]

d ; : g
= E1‘ = —({rooscfi —ranog |=v

£ lo &la

; d . 3
(roosof M+ —{rsinek )]
. ) e N

= —p(0 S0 0 + FOCOS (0f]

b speed=vev|= \/(—m" sin o) + (0w cos o)’

i a3 7 i .
= for~sin” o + cos” of = cor, 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 thizs tell you about the velocity of the particle?

Solution:
a rv={rcosmd+rsin wf]) (—rosn @il +rocos o)

= (Fcos ) (—reo sin 0f ) + (7 sin (0F) % (Peocos o)
= —r*cosar. sinet +riwsinmt cos ot =0, sor is perpendicular to v.
b The ditection of v is perpendicular to the direction of v Since r 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 Ezpresz ain terms of r. What does this tell you about the direction of the
acceleration?

¢ Calculate the magnitude of a.

Solution:

a V = —rim s 08+ P cos (1

= —v = —({—prwsin i +rces () =a

B e

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

. B e
= —p00 Cos (0 — P07 51008

2 e St
= —0“ (7 cos il + 7 sin o)
o gt I 2
b a=—w {Fcosal+rsin o)) = —w'r

ais parallel to r but in the opposite direction, so the direction of the acceleration
1z towards the centre of the circle,

c |alH —r l.zo|al= W% |v], a= i
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Motion in acircle
Exercise E, Question 1

Question:

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

A particle of mass 0.6 kg 1z attached to end A of a lightrod A8 of length 0.5 m. The
rod 1z 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 T1T.

Atthe lowest point the particle has fallen a distance
0.5m, sothe P.E lost=046xgx05

and the KE.E. gained=% <06y

,‘,0.6/g/0.5=%/0.6/v2

Y=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+%=l_8g-—-17_6]ﬂ

© Pearson Education Ltd 2C
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Motion in acircle
Exercise E, Question 2

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 AS of length 0.3 m.
The rod 15 free to rotate in a vertical plane about 5. The particle 15 held at rest with 4
vertically above B The rod 15 slightly displaced so that the particle mowves in a vertical
circle. Calculate

a the speed of the particle as it paszses 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 T1.

Atthe lowest point the particle has fallen a distance
D6m, sothe PE lost=04x gx0.6,

and the K.E.gained=% 0.4 %2,

;04-5-36:%-04-£

V=2xgx06=12gv=34ms"

Vims

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

0.*
=T_04g=
g7 03
S I SRR B L SR

© Pearson Education Ltd 2C
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Motion in acircle
Exercise E, Question 3

Question:

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

A particle of mass 0.4 kg 1z attached to end 4 of a lightrod A8 of length 0.3 m. The
rod 15 free to rotate in a vertical plane about 2 The particle 15 held at rest with A5 at
&0 to the upward vertical. 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 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
03ces60°+0.3=045m, so the

PE lost=04xgx045 and the

K.E.gained=% <0453,

P L0dxgx04s = %/0.4 <y
0dg ¥ v =2xgx045=09g,v=30ms"
b Atthe lowest point, the force towards the centre of the circle
0.¢h?
=T-04g=
5™ 0n
T O L M
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Motion in acircle
Exercise E, Question 4

Question:

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

A particle of mass 0.4 kg is attached to end 4 of a lightrod A8 of length 0.3 m. The
rod 15 free to rotate in a vertical plane about 2 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 TTT

Atthe point where A8 is horizontal, the particle has
fallen a distance 0.5cos60° =0.25m |, 5o the

PE lost =06x gx0 25,

and the K.E.gained=% x0.6xv%.

D.6/g/[].25=%/[].6/v2

vi=2xgx025=05gv=22ms"

b When A8 15 horizontal, the force towards the centre of the circle

=T=aw2
0.5
ﬁﬁ’_06;i5g 06g=59N
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Motion in acircle
Exercise E, Question 5

Question:

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

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

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 rod at this point.

Solution:

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

Atthe highest point the patticle has risen a distance
1.4, so the

PE ganed=025xg=14, and the

K.E_lost=% X (). 5 102—% X 0.5%1"

05X g 1.4=%- 0.5 (100 —v*)

00— =2xgx14=28g,v=85ms

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

0 52
=T+05¢g =
5 o
g O.S/(lgﬂ?—E.Bg)_0_55245,9N
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Motion in acircle
Exercise E, Question 6

Question:

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

& 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 B The particle 15 hanging with 4

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

a anexpression interms of w and & for the speed of the particle when A8 makes an
angle of 8 with the downward vertical through B,
b the restriction on i if the particle 18 to reach the highest point of the circle.

Solution:

When the angle between A8 and the vertical 1z &

particle has speed vm s '

PE ganed=mgh=05xgx071-cozf)

vm Lossin EE =
lmﬂ_lmvﬂ :E(Hﬂ_vﬂj
2 2 2

Energy is conserved

L 05gx07(1-cosf) = %(uz—v:"}

v =ui-1dg(l-cosd)

= v=,ju'—14g(l-cos &)

b Ifthe particle is to reach to top of the circle then we require v = 0 when & =180".
=’ -14g(1-cos1807 =0

But cosl80°=—1,50 * > 1dgx2 u= Jedg

© Pearson Education Ltd 2C
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Motion in acircle
Exercise E, Question 7

Question:

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

A particle 4 of mass 1.5 kg is 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 2 The particle is

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

Find

a an expression for the tension in the string when it is at an angle & to the downward
wvertical through 5,

b the minimum walue 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 lewel the particle has

K.E_=é- 15%2*=075% T and PE =0T

When the rod 1z at angle 0 to the vertical the particle
has
1

K.E.:E <15 =07%" T and

|.5¢ PE=15%g=2{1-cos T
Energy iz conszerved
07560 =075 43g(1—cos )

Eesolving towards the centre of the circle:

vt 15

TF-ligoosi=—=
r

. o substituting for v
gIvES

3
r= ].5gcosH+E(uj —dg+dgcos )

2
=4.5gcosH+3%—3g

b Ifthe particle is to reach to top of the circle then we require T = 0 when 8 =180,
2 2

=‘.~—4.Sg+3%—3g > U,B‘E‘T:?.ﬁg,:ﬁ =10g,u > fiog
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Exercise E, Question 8

Question:

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

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

a the bead justreaches the top of the circle,

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

: I : :
circle makes an angle of tan™ 7 with the upward vertical and then starts to slide

back to its original position.

Solution:
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Impulse = change in momentum, so if the initial
speed of the bead is wm s then
I =005, =20/

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

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

PE =0T

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

it has rizen 1.5 m so it has
PE=005%gx15=00%5g

Energy is conserved, - 107% =0.075g,
= *=0.0075g, /=027

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

EE. =% <0.05%5? =0.025<4007% =107 T and

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

particle has K E =071 (we are told that the particle

reaches this point and then starts to slide back, 20 we
can deduce that the speed iz zero here) and

PE =005xgx075 '{1+cos|r tan 1?\}

=00675¢g]
Energy 15 conserved
102 :=0:06751g

=026
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Motion in acircle
Exercise E, Question 9

Question:

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

A particle of mass 50 g1z attached to one end of a light inextensible string of length
75 cm. The other end of the string is attached to a fized point. The particle 15 hanging

at rest when it 15 hit with an impulse of J s horizontally causing it to start to mowve &
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 patticle reaches the point where the

: 3 _
string makes an angle of tan™ Z with the upward vertical.

Solution:
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Impulse = change in momentum, 2o if the initial

speed of the bead is zm 57! then

£ =0.05,x=201

Take the lowest point of the circle as the zero level for
potential energy,

Atthe lowest lewvel the particle has
1

KE. =) 0.05x5* = 0.025x4007% =107 J

and PE =0T

If the bead just reaches the top of the circle then this is
the point at which the tension in the string becomes
zero. If the speed of the bead at this point s vms '
then

o 0050
DQhe=—_—= V=075
ST 2

The bead has risen 1.5 m so 1t has
PE=005xgx15=0075g

Energy is conserved, so

107% = 0.075 g+%- 0.05x0.75 g = 0.09375 g, = 0.30

Talke the lowest point of the circle as the zero lewel
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
tar 1; to the wertical the tension in the string
becomes zero, If the speed of the bead at this point is
v s ' then

3\ et 0050
4 | r 075

1

005g cos[ tan

V= U.?5/g/% =il6ng

The bead has rizsen 075+ 06=135m,
sogainin PE =005 gx135=00675g.

Energy is conserved = 107* = 0.0675 g+%/0.05/0.6 g=00825g

© Pearson Education Ltd 2C
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Motion in acircle
Exercise E, Question 10

Question:

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

A particle of mass 0.8 kg iz attached to end 4 of a light rod A8 of length 2 m. The end
£ iz attached to a fized point so that the rod ie free to rotate in a wertical circle with ite
centre at 5. The rod iz held in a horizontal position and then released. Calculate the
speed of the particle 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 TN,
Take the starting lewvel as the zero lewel for potential

energy, the particle starts with

FPE=0and EE=0.
Atthe lowest level,

PE =—08xgx2=-16g

1 1
EE = E/va‘ =E/o.3v’* = 0.

0.08¢ Conservation of energy
= —1ég+0dv' =0, v'=4g
v= 63ms
2
Force towards the centre of the circle =T—-0.8g = Y= w =16
r
T=24g=24HN

Let the speed of the patticle at the point when

3
H =tan IE be vm !

TH.

, 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 6 to the vertical the particle has
fallen 2cos@=16m .

PE =-08xgxlo=-128¢g

1 1
EE = E/va* =E/U.8v2 =0.h*

Conservation of energy
= —128g+047" =0, v =32g

v=56ms"
Fotrce towards the centre of the circle = T—-08gcosf = id = 08x32¢g =128g
» 2
T=1.28g+0_83-%=1_92g =18 N

© Pearson Education Ltd 2C
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Motion in acircle
Exercise E, Question 11

Question:

Whenever a numerical value of g is required talce g =9.8m 7.

& particle of mass 500 g describes complete vertical 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 magmitude 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 15 horizontal,

PE =05xgx1.5 and K.E.z%- 0.5%v2 .

Energy is conserved
2
—15g+16 = 0.?53+vI

v =4075g+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
vm 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 15 vertical,

PE =0 and K.E.=%- 0.5x v}

0.5e WV Energy is conserved
2

=1~1.5g+16=%, v=111ms"

0. Gt

T-05g= F=458HN

© Pearson Education Ltd 2C
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Motion in acircle
Exercise E, Question 12

Question:

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

A lightrod AS of length 1 m has a particle of mass 4 kg attached at A End B 1z
pivoted to a fized point so that A5 15 free to rotate in a vertical plane. When the rod 13
vertical with A 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 =0T,

The E E. at the lowest point 12
1

= 4x6.5 =8457.

When AF 1z at angle 6 to the wvertical, the tension in
" the red is T, and the particle has speed vm 7'

A "% Particle has risen {(1—coz@), z0

DPE =4xgx(l-cozB) ] and

g KE.= Lxdxy? = 2
d 2

I m

Energy iz conserved = 84.5 = 237 +4g{1—coz @),
v =4225-2g(1—cos8)
Force towards the centre of the circle

v’ _ 4(42 25— 2g{1—coz )

=T —-dgcosB=
F 1
ST =dgeosB +169—Bg(l-cos) =162 +12gcos@ —Eg =0 when
cosB= B 100 s e BweAor
12g

1e =40 to the upward vertical and
v =4225-2g(l—cos@) =75 v=27ms?

© Pearson Education Ltd 2C
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Motion in acircle
Exercise E, Question 13

Question:

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

A particle P of mass #e kg 15 attached to one end of a light rod of length # m which 1s
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 M's path iz three times the
tension at the highest point, find the speed of P at the lowest point on its 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 mowving from the lowest point to
the highest iz Zeegr.

The loss in K. E. 1= lzmug —Emv2

Energy 15 conserved

S 2mgr =%mu2 —lzmvg, vi=u —dgr

2
PRI

Y e Atthe lowest point 37 —mg = ——
me F
2

Atthe highestpoint T 4+mg = it il
=

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

(it —4gr) mut (et —dgr) u?
H———————mg |—mg= 3 —dg=—
\ F ] r F
23&:2 2
—=1lbg,u =8gr,u=,f'§gr

r

© Pearson Education Ltd 2C
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Motion in acircle
Exercise E, Question 14

Question:

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

A particle P of mass # kg 15 attached to one end of a light inextensible string of length
# . The other end of the string iz attached to a fized point O, and P describes
complete vertical circles about O, Given that the speed of the particle at the lowest
point is ene-and-a-half times the speed of the patticle at the highest point, find

a the speed of the particle at the highest point,

b the tension in the string when the particle 1z at the highest point.

Solution:

: 3
Let the speed at the lowest point be ?vm s ', and

the speed at the highest pointbe vm s

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

1 (V1

The loss in K. E iz —wp| — | —=mov
2 {2 2
Energy is conserved
2mgr——m/ﬁ—l 2=Emv2
4 2 ]
W - 4 légr o ’]6 zr
5 5
lbgr
. . e 5 16mg 1 g
b Atthe highest point, T +mg = = = z T= -
r r

© Pearson Education Ltd 2C
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Motion in acircle
Exercise E, Question 15

Question:

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

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

of mass #2 kg 15 attached to the other end. P 15 held with OF horizontal and the string

taut. & iz then projected vertically downwards with speed @ .

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

b Given that the string will break when the tension in the string is 2mg I, find the
angle between the string and the horizontal when the string breaks.

Solution:

With OF herizontal, the particle has

PE=0and KE = %mﬂ =12mgr_

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

The particle has

DE =—mgrznt and EE = %mvz

Energy iz conszerved

mg

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

T-mgsinb = mv' _ mgr(1+ 2sin 6)

r r
T =mg(l+ 350 N

b When T =2mg N, 2mg =gl + 3sin &), 5in 6 =13,H =19.5°

© Pearson Education Ltd 2C
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Exercise F, Question 1

Question:

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

A particle P of mass w2 i attached to one end of a light inextensible string of length §.
The other end of the string iz attached to a fized point & The particle is hanging in
equilibrium at a point A, directly below O, when it iz set in motion with a horizontal

speed J?E

When OF has turned threugh an angle & and the string iz still taut, the tension in the

string iz 7.

a Find an expression for T

b Find the height of F abowe A 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.

lmg—%mvg = mgi(l—cosf)

2

lmv2 = lmuz —mgl{l—cosf)
2 2
v =3gl—2gl{1-cos) = gl{1+2cosh)
Eesolving towards the centre of the circle:
y
T—mgcosf = WT

T=mgcosH+ng£(1+2c:osH)=mg+3mgcosH

b String slack =~T=U=cosH=—%:~height=f+%=£

¢ When the string goes slack, v' = gl [1 +2x [— %]] =g?j

. ; 1 g
=0 horizontal component of velocity = 3 =

3
TTsing energy, if the maximum additional height 15 %, then
1
mg}z+lm>< l Ej =lm[£§]
2 Iy 3 2 L3
k:i-L:E =£, hElght above A:ﬂ-’-ﬂ =ﬂ
6 6x% 54 27 3027 27
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Motion in acircle
Exercise F, Question 2

Question:

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

A smooth solid hetmisphere with radius & m and centre O is resting in a fized position

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

3 kg iz slightly disturbed from rest at the highest point of the hemisphere.

When OF has turned through an angle & and the particle is still on the surface ofthe

hetnisphere the normal reaction of the sphere on the particle is &

a Find an expression for B

b Find the angle between OF and the upward wertical when the particle leaves the
surface of the hemisphere.

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

Solution:

Conservation of energy from top
to B

mg-6=mg-6cosH+%mv2

v =12g(1-cos8)

Eesolving towards O

2
Jgcos— R =ﬂ=12/3g

(1-cost)
r
Ygcosi—6g=FR
b R=O:‘EOSH=%,H-—e48n
3 1
c v =IZg-§:4g
speed —voosf, lLvsing + gz
Distance — voos 0F, lvsinH:+%gﬁ=5/%=4
\f_ r.+—:. = 4,4 94 +%z—4 0

£ = 0.545...
Total horizontal distance from O =6sn 8+ Jdgcosxi =67 m
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Exercise F, Question 3

Question:

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

A smooth selid hemisphere 1z 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 4 1z the highest point on the hemisphere, & particle & iz placed on the

hemisphere at.4. It is then given an initial horizontal speed &, where u* = "2 When

OF malkes an angle & with A, and while P remaing on the hemisphere, the speed of
Flisw,

a Find an expression for v*.

b Find the value of cos& when P leaves the hemisphere.

¢ Find the value of v when & leaves the hemisphere.

After leaving the hemisphere P strikes the table at 5.

d Find the speed of Fat B

e Find the angle at which P strilees the table,

Solution:
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a & Conzervation of energy:
1
] ‘1 ‘1
P Emu2+mgr =§mv2+mgr cosf
3 7 9 1
b 4 —g+rg=—g=—v2+rg|:osH
p ; ) 2
: v =9r—g—2rg|:osH
i
: v (9 '-
b Eesolving towards & mgroosf—R = il g Z_ 2cosH
r .
9 3
E=0=3mgcos=mgx— cos==
4 4
;  9rg 3 g Ky
c VvV =E—-lrgxn—=—7 =il =
4 4 4

d Conservation of energy from A to the table:

1 4, 1
—FN = — R +mg.?"
2 2
9, 3
2: 2—|—2 :E+2 =— v=—
¥ i gF 4 =F 4 ¥V 2 re

After leaving the hemisphere the horizontal
component of the velocity retnaing constant.

Direction 15 angle & to the ground,
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Question:

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

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

patticle F of mass 2 kg is slightly disturbed from rest at the highe st point of the sphere
and 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 it hits the
horizontal surface.

Solution:

Conservation of energy:
1
mgr = Emvz +magrcost

v = Zmgril—cosB) = 4dmg(1-cos @)
Eesolving towards O

2
= =
SgcosH—Rz%:M

RE=0=9%gcostl =g, cosH=%
i =48
b Teing conservation of energy from the highest point to the ground:
lzmvg =mgh=mgx4d, v= \l‘B_g when P hits the ground.

1 4
When F leaves the sphere V= dmg(l—cos ) = dmg /g,v = |28

3

3 After leawing the hemisphere the horizontal
component of the velocity retnains constant.
Direction 15 angle & to the ground,
-> [ F J 2
: B3 2 i
A2 coszf=£=—*J:
2 3 . fgg 3 &

o =74
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Question:

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

A particle of mass 2 15 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

3
sphere and leaves the surface of the sphere with speed %.

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

b Findv.

¢ 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:
ot mx3ga Img

mocosd— R =
5 r Ao 4

R=E]=‘~|:c::sn‘1'=E

: i
Distance fallen =@ —acos @ =—

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

a 1 Zge 1 4 1 45 3za ga ga 4, g4 et
BE— == —— — v, vV = — ="y == p=_ |
4 2 4 2 % B 4 a8 4 4

¢ Looking at the energy at the top and level with the centre:
1 5 1 4 1 ga Dga 3
—pvt = gl tmga = —mE tmga, v =5 v=1Jga
2 2 7 2 4 7 %

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

Fig )
Direction is o, cosor = M—E

g SV

o = 64" to the honzontal

© Pearson Education Ltd 2C

file://C:\Users\Buba\Desktop\further\Mechanics 3\emt\sb\contenttim3_4 f 5.hi 3/4/201:



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise F, Question 6

Question:

Whenever a numerical value of g is required take g =% 8m s
& smooth hemisphere with centre & and radius 50 cm 15 fixed with its plane face 1n
contact with a horizontal surface. A particle P 1s released from rest at point 4 on the

sphere, where O4 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 G
—pnt +mo—cost = mo—coz 10
& g2 gZ

v = glcos 10" —cos 6)
Forces acting towards O

(.5 m 0

2
P:J@gt-::-m‘n'—fi’=£=2mv2
R=0= gros8=2" =2g(cos10" —cosB) = 3gcos§ = 2gcosll’

cos =§coslU’,H = 45
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Question:

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

A zmooth laundry chute iz built in twe sections, PO and O& Each section iz in the
shape of an arc of a circle. P has radius 5 m and subtends an angle of 70° at its
centre, A (& has radius 7 m and subtends an angle of 40° at its centre, 5 The points
A, O and B are in a vertical straight line. The laundry bags are collected in a large bin

lzm kelow B Totest the chute, a small particle of tass 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 it reaches &

Solution:

a Teotal height lost =51—cos 70" 1+ 7(1—cos 4014+ 05=5427 . m
Conzervation of energy:

15-2-v2=2-g-5.427__. v=10.3m s’

b At R:%-2-v‘*:23{12—5.:05?0“—?.:0540“], v =096.58

2
ot

Eezolving Atowards B mgcos—R= e

2
R=2gcosdl’ —2% =—2.6 <0, which 1z 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, 13 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 abowve the lowest point of the bowl, A

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

Solution:

EE + PE atlowest point= lzmj

KE +PE atrim=%mv2+mg .4?“‘

Bga
3

2 2
=u =+

Lfter the patticle leaves the bowl:

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

in®
downwards, so using v=u+af,—vsinf =vsin f —gi i = dvsin
g
in 6
The horizontal distance covered in this time 15 voos 8 <FSig
g
The width of the top ofthe bowl = 2> ?a a 4‘?‘3
= 2—sin Bcost > #hf2a e /ﬁxl = Eﬁag, v = Zag
g 3 3“3 3
& 2 3ag+8%= l?fa

. . lag
so mintmuim value of 2 13 i
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Question:

: : ; ; : . Ga
A particle of mass s moves with constant speed & 1n a horizontal circle of radius -

ot the inside of a fixed smooth hollow sphere of radius 2a. Show that Sag = 2-\.5:;2 .

Solution:

] R RiTiRcos 8 = myg

2 2
Lt R(z_x)R Sin H e ﬂ p— zmv
E F 3
]

me  Dividing = tan 6 = %, but

g
3o
- I
tan @ = = ——.,50
Via 7
2
2t 3
—=—,9cxg=2\ﬁu2
%g A7
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Question:

A particle P of mass e i3 attached to one end of a light inextensible string of length
Za. The other end of the string iz attached to a fized point 4 which iz a vertical
distance & abowe a smooth horizontal table. The particle moves on the table in a circle
whose centre O is vertically below A, az shown in the diagram. The string is taut and

the speed of Fis 24ag . Find

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

Solution:

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

OP=ga~2
2
; frrat
Rl Teantd=—¢
(<) N
\.@a mrxd g
it il
3a a®
3mg

b R(T):TcosH+N=mg=}N=mg—§mg-

© Pearson Education Ltd 2C
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Question:

A light inextensible string of length 257 has its ends fized to two points 4 and &, where
Az wertically abowe B A small smooth ring of mass # 18 threaded on the string. The
ring 15 moving with constant speed in a horizontal circle with centre 5 and radius 124,
as shown in the diagram. Find

a the tension in the string,

b the speed of the ring.

Solution:

Let & bethe angle between the string and
the vertical.

Wehave a5, 12, 13 triangle.

R Tcesd =mg

_ g =13mg
mg cosf o
i (12 B 75 48 2
b R(u)ﬂ’fsmﬁ:ﬂ:ﬂ p e |2 e D e
r | 13) 1287137 5 121

=i =60gi, v=.,/60g
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Question:

A car moves round a bend which 1z banked at a constant angle of 12° to the horizontal
When the car iz travelling at a constant speed of 15m 7' there is no sideways

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

Solution:

£ 1z the normal reaction of the surface on the car.

o friction
R Rcosl2” = mg
2
R(<3)Rsin 12" _m _mx15
r F
Diwviding - tan 12° =%
zr
I :ﬂ.—. 108 m
gtan 12"
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Question:

A particle P of mass w15 attached to the ends of two light inestensible strings AF and
EP each of length /. The ends 4 and & are attached to fized points, with A vertically
abowe Band AF =7, as chown in the diagram. The particle P maoves 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 is %If 2g +iw? ).

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

¢ Deduce that o = i—g )

Solution:

Fisthe tension in AF and 5 i3 the tension in BF.
The triangle iz equilateral (3 equal sides).

R : Teosél” =mg+Scostl”
F-5 =2mg
E(e3): Tros30" + 5 cos 30° = mros®
(T+&cos30" = md cos 30 xw?
T+8 = wiac
Adding these two equations gives

0T = 2mg +mde®, T = %(Eg +ieh),
b S=T-2mg= %(;uﬁ —2g)

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

P ‘)
0]

L particle P oof mass w2 15 attached to one end of a light string of length I The other
end of the string iz attached to a fized point A The particle maowves 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:

Tiz the tension in the string.

Ril): Tosds =mg,T=~,Emg

b E(es): Toosds =mre’ =micosdS o, T=mie’ 0= % = %

© Pearson Education Ltd 2C
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Question:

A rough disc rotates in a horizontal plane with constant angular velocity ® about a

. . . . . . 3
fized vertical axis. A patticle P of mass s lies on the disc at a distance Ea from the

azis. The coefficient of friction between F and the disc 1s = Given that F remains at

rest relative to the disc,
]

a prove that o® < 28,

Ta

The particle is now connected to the axis by a horizontal light elastic string of natural

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

velocity @ about the axizs and P remains at rest relative to the disc at a distance Ea

from the axis.
b Find the range of possible values of o,

Solution:
a I3
A F 1z the force due to friction,
F L » £ is the normal reaction.
L
: RE(I): R =mg
37 J Ries): F = mred’
- If 7 iz not to slip then
]
=g 2 W= a
7™8 =73
rar <k
T
b ] T1s the tension in the elastic string.
P
’ 5mg/"3a_a"
‘ /{ (}f’ T:E: 2 |'5 2'|=5mE=E
P ! i a 10 2
SN 2

mg

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

against it
Eies): Er‘?‘€.§'+E = mgatr}g,fr}:‘ < 5 13g _ 65
7 2 5 I 14 42
or R(+3): —Emg LI mgatﬂg,t’r}g = i <& — 5_g
¥ 2 5 Za 14 42a
98 2o 058
422 42a
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Question:

A particle P of mass 0.6 kg iz attached to one end of a light inextenzible string of
length 1.2 m The other end of the string 15 attached to a fixed 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:

r 1z the radius of the circle,

Tizthe tension in the string and Z04AF 13 8.
From the triangle, » =1 2siné .
R(es): Tsinf =mre® = 0.6x1.25in B 9

T=06x12x% =648

b BT cos8 =mg. 648cosB=006g, cosh = % =0807 8=25"
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Question:

A particle P of mass s mowes on the smooth inner surface of a spherical bowl 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 takes P to complete three revolutions of its circular path,

Solution:
a p- : The angle between the radius threugh # and
% R the wertical 1 @, T has angular speed
. P wrad s
EJ \[ Ris the reaction of the bowl on 2.
; Ril): Roosf =mg R =4myg.

f4 fdl
b Ei{«) Ranfl = pr®® = mxrsin O o, ©= i S
43 “\{;

»

ﬁ
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Question:

A particle F of mass 2 iz 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 is then projected vertically downwards with speed &, where

4 s = om
ul= 3 g . When OF has turned through an angle @ and the string is stall taut, the

speed of F i1z v and the tension in the string 15 T, az shown in the diagram.

=

Find an expression for ¥ in terms of @, g and 6.
Find an expression for T in terms of me, g and 6.
Find, to the nearest degree, the value of @ when the string becomes slack.

d Ezplain why F would not complete a vertical circle if the string were replaced by a
light rod.

=

-

Solution:

a Lossin PE =gain nEE zo

1 1 ;
— —Emuz =mgasnt

2

4 ;
=7 =§ga +2gasinf

2
b Eesolving towards O T —mg sing ="
b
4 4 b
T=§mg+2mgsinH+mgsinH=mg §+35inH

¢ T=0when sinfl =—

J8=206

d When v=0,stn 0 =—

=N I SRV

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

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

O when it is projected horizontally with speed @ ms ' When OF is horizontal it meets
a small smooth peg at (2, where &2 =08 m  Calculate the minimum value of o 1f F 1s

to describe a complete circle about O

Solution:
i r;\ Consider the circle centre O radins 0.2 m.
" — - When (JF ig at 8 above the horizontal:
1 . 1
Energy: —wew” +mgx0.2sin 6 =—pn?,
I m 2 2
w=v' —(.4gsin 6
where v 15 the speed when & =0, and w the
P g speed at angle 6.

' zm(vz—[].dlgsin &)
7 02
_my 04dgsin }—mgsinH=mv 0.6 gsin :I_*Cl
0.2 0.2

Looking at the larger circle, conservation of energy

Circular motion: T4mgsint =

ﬁ%mvg + g 1=%mu2, vi=y - 2g

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

=ul-2g-06g20u*226guz.26g

© Pearson Education Ltd 2C
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Question:

A emooth zolid 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 P is placed on the
hemisphere at 4.

: : — . el
It is then given an initial horizontal speed u, where z° =28 hen OF makes an

angle B with 4, and while P remains on the hemisphere, the speed of P iz 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 cos @ when P leaves the hemisphere,
1 v when & leaves the hemisphere.
After leaving the hemisphere P strices 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
' D E, conservation of energy

My

1 ag 1
= —m— t+mga(l—cos )= Zmv®,
S g ) :

v = g—;+234(1— cosf)

= g—;(ﬁ—4cosﬁj

2
fid

b Eesolving towards & mgcosl —R=——= %(5 —d oozl
r

Substituting cos @ =0.9: R=mg > 0.9—%(5—3.6) =0.2mg > 0
go Pz still onthe hemisphere,

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

10, 5 5
1 vg:E(5—4E05H):§(5—_}:E,v: E
2 2 3 & &

d By considering EE +PE atAdand B, ifv iz the speed at &,

After the particle leawves the sphere the horizontal

: : Sga O
velocity remains constant = T/E

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

/5&,2
table thencosor = 6 6 5

Sga 693
2

o =61

© Pearson Education Ltd 2C

file://C:\Users\Buba\Desktop\further\Mechanics 3\mmt\sb\contenttim3 4 g 12.h 3/4/201:



Heinemann Solutionbank: Mechanics 3

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Motion in acircle
Exercise G, Question 13

Question:

{

Part of a hollow spherical shell, centre & and radius », iz removed to form a bowl with
aplane circular rim. The bowl 15 fized with the circular ritmn uppermost and horizontal
The point T iz the lowest point of the bowl The point B is on the ritn of the bowl and
OF 1z at an angle « to the upward vertical as shown inthe 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 2. The direction of motion of the marble lies in the vertical
plane OOF8 The marble stays in contact with the bowl until it reaches B

When the marhle reaches B it has speed v,

- - 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 value of w for the marble to reach &

The point A 15 the other point of the rim of the bowl lying in the wvertical plane C'OE.

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

Solution:

file://C:\Users\Buba\Desktop\further\Mechanics 3\mmt\sb\contenttim3 4 g 13.h

Pagel of 2

3/4/201:



Heinemann Solutionbank: Mechanics 3 Page2 of 2

EE+FE a C=KEE+FPE aF
IFPE =0 at O then

Ty

3 Log 18
— pad =§mv +mg(r+rcosrfj=§mv +— gy

2
] . 16
v =ut - —gr
5 g
L
2
b owf=d4gr = =igr. Eesolving towards O R+§mg= ﬂ=4ﬁ,ﬂ=ﬁ
] ] r 5 5
[ 4 légr )
L i m|u 5 mu®  Zmg  16m 19gr
¢ R=0at B— 28— =— i 4 g,u=’_g
5] » » i ] 5] ]
d The particle 12 now moving freely
N under gravity.
1 rsinee 3, ] Horizontal distance
; : r
=2rsmno = — =vcoso i
Hr
g0 f=—.
v
Vertical distance=10 =4—vﬁ—lgf.2 =‘.-£=8—v=8—r,=‘: v= 5&
] 2 Sg v 3
] 16 73 73
=t~z.¢2=£+ gr=—gr;u= =
3 3 15 15
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Motion in acircle
Exercise G, Question 14

Question:

[7]

A particle is at the highest point A on the outer surface of a fixed smooth hemisphere
of radiug & 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 = (fag  The particle leaves the sphere at the point B, where OF

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

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

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

Solution:

o

Equating the EE+FPE atAand 5

1
§m2+mga =5mv2 +mgacost

= v =u® +2ga(l-cos @)

2
PV

Eesolving towards O mgoosf —H=—
a

E=0=agrost =u* + 2gail—cos &
3agcosl =u’ + 2ag
2
+2
costl = frokedg
3ag

b Conservation of energy from A4 to surface:

1 5 5
§m2+mga=—m- s u2=§,cosH=—,H-—e34“

5
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