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12.1

12.2

Motion in a circle

Z Kinematics of uniform circular motion /m
Candidates should be able to: SP""W NSE

define the radian and express angular displacement in radians L E
understand and use the concept of angular speed
recalland use w =2n/Tand v =rw

Centripetal acceleration

Candidates should be able to:

1

understand that a force of constant magnitude that is always perpendicular to the direction of motion
causes centripetal acceleration

understand that centripetal acceleration causes circular motion with a constant angular speed
recalland use a =rew’ anda =v*/r
recall and use F = mres® and F = mv* [ r
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Q.1 What 1s the tangential velocity of a point on the equator ot Mercury which has a rotation period ot 39 days
and an equatorial radius Uf 2‘3{}[} km?

\J . C 2??) 2(21l) (ZSMHIE?)
SQx24xbox bo

= 2:0% ms"
4

Q. 2 The Earth rotates once in about 24 h. Calculate its rotation frequency and its angular fr cqur:n&(hﬂ)
f=D o 8 1 W= 2" e Wa2RF
t T & wWe 2(24) (x-m@

e e R
L gt e I*16 Xlo S m:?fl’?muﬁdi

Ve?

(). 3 (a)What 15 the centripetal acceleration of a 40 kg child sitting 2m from the centre of a roundabout which

aturr;s;—m:i;m 5.0 57 a - " [,3_“01 (2)

(z'ﬁ) Ok
A= 2.16me”

T

(b) What is the resultant horizontal [orce acting on the child?

F= MO
i (_l{ﬂ')£316) = 126N

(¢) What 1S ﬂ‘lﬂ origin ﬁ)thls force?

F i cJi Y c&ﬂéwmmww& ..

Q. 4 A boy stands at the equator of the Earth having a radius of 6.4 » 10° m. Find its
(a) Angular velocity (b) Linear velocity

e A o SR V= AW
T 241 6o % 60 = (6:'4xld )("? 27% 1o )

2 ~1
= 7r2'?xm§1"nd£1 = 4g5ms

Q. 5 The spindle motor of CD rotates it at 33.3 revolutions / minute.

(a) What 15 thff;g:ﬂa&viffty ithe E%rd(m rad s h‘) s 5 L'}“-{)C 33'39
t So

b = 2:4qred &
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(b) What is the speed of a point on CD at a distance of 3.0 ¢cm from its centre?

nn 2 e
= (3.0%xW0 )(3 '-l':l) O- loSmg

Q. 6 A pulley wheel rotates at 3[1{] rev min”'. Calculate
(a) its angular velocity in rad a

W= 27 = z'ﬁC“)—-nw 2(3)

W(3w) - rheds
€0

(b} the linear speed of a point on the rim if the pulley has a radius of 150 mm
vz AW
= (150x16°)(31k) = L 7Ims
(€} the time for one revolution.
300 TeV. w = 6ok
1 rev. = 6°_ - 0204

300
Q.7 A car moves round a circular track of radius 1.0 km at a constant speed of 129 kmh''. Calculate its angular velocity
inrad s “\J 9 A)

=
e

I'chxlu?'

~
& Q-Mlng)b\] = W = 6- 036 29 ¢
€ox60

Q.8 A child is sitting on a fairground ride, as shown in fig. 8. The ride turns through

one cnmplﬂtc revolution every four seconds. If the combined mass of the child am:l

the seat is 40 kg, and the radius of the circular path is 6.0 m, calculate the tensig
in the support.

eﬂﬂihf
Verhical fores: T, = m - -
T = (uo)(2:®)) = 392N !

Hcafrgm\hll forcas : T, = maLS
va MA( 1-?*?)

= (4o) (6 m)_(l‘t) (3110 S9N

F

Q. 9 An object of mass 4.0 kg is wglricd round in a vertical circle of radius 2.0 m with a speed of 5.0 m 5. Calculate the
maximum and minimum Lension in the string connecting the object Lo the centre of the circle, Assume acceleration
due to gravity g = 10 ms™,

Mot fenlion ok  lootiom. Min- tenlion ok {DP

. ,
Moy - m% M'ﬂ

1 r‘
Tonin +m% m*u :

ag ~ (U0)(10) = th ﬁ)(ﬁ'ﬂ) Twn (U 0)(10) = (k- ]gsu] V
2:0

T‘I‘ﬂﬂf». ) qD TM{ﬂ =z |ON }t'

b
Q. 10 An aircraft is banking as it turns, as shown in fig 10. What 15 the radius of curvature of the turn if the aircraft’s
velocity 1s 200 ms™ and it is banked at 35°7

t&ﬁ @- - ;%
l:ﬂh’\ ?35 -~ LZGD')L
ALH(2-2)

5 = S.-82%l0 M
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Q. 11 A pilot flies an aeroplane at a constant angular velocity @ in a circle in a vertical MIS, DCE, 1) AS/400(IBM), OCP{PITE]

- - - . - teacher TRA@hotmail com
plane. The radius of the circle is r. S
What 1s the dilference in the forces experienced by the pilot at the bottom and at the top of the circular loop?

At Yop PRAE miw = - maw -—fﬂa
A oottom . F _ma: W = F= m&m-—\-'ma

Fox

s n;ﬁr-:ﬁ”\%—'pﬂrﬁ"'ma

F: 21‘”{\%

Q.12 A car of mass m moves with the same speed v over each of the 4 bridges shown in the table. Write d the force
equation of the car at each bridge if the normal reaction i1s R.
In which of the bridges is the force which the car exerts on the bridge the smallest?
S.# Bridge Equation

bridge

bridee

Lesser force bridge =

Q. 13 In a fairground nide called a ‘rotor’, a person of mass 60 kg stands against a wall, as shown in fig 13,1, and the
wall 15 rotated, When it 15 spinming at a suitable speed the floor 15 dropped so that the person s lell “struck to the
wall™.

Dhiraction of rotation

F10°* N
1.2

1.0
0.8

0.6

0.4

N = |
1.D’t_| 1.5

ARM0* N

e e ey e R Mmoo

Fig. 13.1 Fig, 13.2

Fig. 13.2 shows the variation in [rictional lorce, F, with normal reaction, R, between the person and the wall,
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MIS, DCE, 1) AS/40e (TR, (0CP{FITR)
Determine;

teacher TRAEhotmail com
(a) the normal reaction when the Iricts

aoree : ' PR ‘mass 60 kg,
Ee W
F= ma: Eo)(q:@) = 38QN = 0'SRIRN

R: Il RN

(b) the minimum ﬂﬂgulm speed, in rad s, at which such a person must be rotated to remain in position when the
floor 1s drop

Nnima\ﬁ reacfind e provid corcdnipeld  Byeg
R - mLu&l

x e = (60)(2. EJ[“J—)
& & 2.7 ved €

Q. 14 In a ride at an entertainment park, two people, each of mass 80 kg, sit in cages which travel at constant speed in a
vertical circle of radius 8.0 m as shown in fig 14. Each revolution takes 4.2s.

.Y
(a) When a cage 1s at the top of the circle (position A) the person in it 1s upside

down. For the person in cage A calculate the magnitudes of
(i) the angular velocity

L= 28 . 20310 _ 1-Swmis
T 4.2

(ii) the linear velocity ]

Nz A = C%U)OS') ” 12ms

(i) the centripetal acceleration

£
O e AJLY = (I'Z.)CI*S) c 18mé* —J%\{'Tl

Fig. 14
(b) (i) Draw a vector diagram to show the directions of the following forces acting on the person in cage A 1n fig 14
1. the weight W ol the person,

2. the force F exerted by the cage on the person.
(if) Draw the corresponding diagram for the person at the bottom of the circle (position B).

(iii) What must be the value of the resultant of these two forces a

b M A M 2 l:h luth&andﬁ?.Fd‘:D %ﬂﬂ O’VA

fereoun 202

Raanllotr dbiee: F

(1316
- (20)(18) = IkloN

N

7}\ (iv) Ié:{ﬁzlilw ' the pcrscm)rf:mams Ethc floor Dflthcgﬁ:i; at t%'f-: top of t Ehl_jclg 5 D»Pﬁdf {.’bh i @I
avolfal dﬁwhw& s olty odig dw U el
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(v) State the position of the cage at which the force it exerts on the person has its
maximum value. Calculate the magnitude of this force

Motiruns it ok posibion R
F p— m% e F

[
ﬁ.’. - (:‘EE:)C:T' R1) =

VaQy.p
g e

o

3
s 2.22x10 N

C

A body moving in a circular path of radius r has Centre.
tangential acceleration a, and centripetal acceleration
a.. If the body is moving at constant speed v, what
are the magnitudes of a; and a.”

Tangential
acceleration a;

Centripetal
acceleration a.

roye

0

vir

0

0

rv

0

7
vir

An object travels at constant speed around a circle of

radius 1.0min . S. ‘l.-‘l. hdt,_m H1E.ch‘§'ﬂlw-de HF li:l

acceleration? - :
Azero BlOms? C2ams* ® T ms A 18 proportional to [ is proportional to 7/
= U

2 A= =% {1 6) C 1s proportional to » D does not depend on »
ThoE Lo Cwﬁﬁ‘tﬁwg{ﬂ;

In a tape cassette, the tape leaves one spool at a 2

constant speed v and at a variable distance r from the

The angular velocity of the spool

CIE PAST PAPER QUESTIONS

Q. 1. An aircraft fhies with its wings tilted as shown in fig. 1.1 in order to fly in a honizontal circle of radius r. The
aircraft has mass 4,00 = 10? kg and has a constant speed of 250 ms',

fig. 1.1

With the aircraft flying in this way. two forces acting on the aircraft in the vertical plane are the forces P acting at an
angle of 35° to the vertical and the weight W'
(a) State the vertical component of P for the horizontal flight,

P 3s » W ) mﬂ

vertical component of P = . i v s i s v i,
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(b) Calculate P W‘dﬁ vy H@_Q FD‘CQ M Se (Physics), MOS, MBA-IT, B, Fd

M, DCE, AR TR, (hTPPITR)

PCQ&%S - teacher_TRAGEhotmail com
P - (4-00x10 )CqﬁD -
@325 p= W79 x16  n

(¢) Calculate the horizontal component of P,
» ]
l’fl P2 35
S ' ¥
(L 79x10°) Bim 33
5

horizontal component of = .. 2 TL[ x ID LGN
(d) Use Newton’s second law to determine the acceleration of the aircraft towards the centre crf' The u:m:le

P, pPlovides cevdipell fore
% = ma

2.74x\0° = Ql Eﬁﬂxtnh)(ﬂ')
acceleration = 6. @‘S-

(e) Calculate the radius r of the path of the aircrall’s [light,

. Qc _
a-;:@ses_

3
r=.210X10 . mp
(0.3/June 2000/9243-2)

Q. 2. (a) An object traveling at a constant speed in a circular path 1s said to have a centripetal acceleration. Explain,
using a diagram,
(i) why there 15 an acceleralion even though the speed 1s constant,
(i1) the direction of the acceleration,

(b) A motorway designer plans to have motorists leaving one motorway and joining another by constructing a
circular hink road, as shown in fig. 2.1,

In order to use as small an area of land as possible. the designer proposes a speed limit of 25 ms™ for cars on the
circular link road.
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(i) Calculate the minimum radius for the circular link road. given that the maximum MIS, DCE, 1) AS/400(IBM), OCP{PITE]

sideways force between a car and the I?Eld 15 0.801 1, where W is the weight of a car.
Sideuoys ficdiond fore  provides cenbipelel frg 2
0.-[IW = ﬁ%‘¢ 0+ 8ol 2 = m&f% %=

akhtar@lsalt org. pk

— e
0 ol
g . _L2s)

" (o-Bo1)(9-R!
SAOATAL o= 16,
(ii) Suggest why lorries may have to go at a slower spccd than the 25 m s limit fﬂ;r_cars\;

O ‘E.D'IN MVt

o, VA 0. HRak FWIM._..WK& ............. %_\ cI-moﬂBfta ia abde
W\&% . ]afmmd.ﬂ@dﬁpdpjﬁﬁb ........ Paciiese

(0.3/June 2001/9243-2)

.. m [3]

0Q.3. A particle 1s following a circular path and 15 observed to have an angular displacement of 10,3°,
(a)Express this angle in radians (rad). Show your working and give your answer (o three sigmilicant ligures,

R’vyoad = 18°

I & % fﬂt':l
180

Iu'?: & Lg I .)'[“} 3) angle= . M 16V

(b)(i) Determine tanl0.3° to three significant ngurcs

tan 10).3°=
(ii) Hence calculate the percentage error that 1s made when the angle 10.3°, as measured in radians, 1s assumed (o
be equal to tan10.3°,

AD x100 - (“"%2 - G"9ﬂ> 100
o 0|80

percentage error =
(0. 1/Nov 2004/9702-4

Q. 4. The orbit of the Earth, mass 6.0x10* kg, may be assumed to be a circle of radius1.5%10"'m with the Sun at its
centre, as illustrated in Fig 4.1,

——

Earth,
mass 6.0 x 10°* kg

The time laken for one orbit is 3.2 x107s,




(a) Calculate
(i) the magnitude of the angular velocity of the Earth about the Sun,

2R . _2(3:14)

N 5 3-1::{!:.5

angular velocity =
(ii) the magnitude of the centripetal force acting on the Earth,

F=mj4jw?
Cs-ox18 1 Sx1s") (19 x 15 )

48 =Y

(b)(i) State the origin of the centripetal force c.;lgulmcd in (a)i)

force = .

Akhtar Mahmood ((1333-428175%)
M Se. (Physics), MCS, WBA-IT, B R,
MIS, DCFE, D AR TRV, (HRfPITRI
akhtar@izalt org pk

................................... N [2]

Gwowitedioned . pwll.. o8 Sum... provides.. condipelel . Rice. ..

B T = XD 4,

ii) Determine the mass ol the Sun. -
(ii) E " l'-;

GMm _ E
QL‘L
(6 6715 (MY (G ox13™D - 3Ubxio
(1-5x18'Y

Q. 5. (a) Explain
(i) what 15 meant by a radian,

(i1) why one complete revolution 15 equivalent Lo an angular displacement ol 2n rad.

...................................... [1]

(b) An elastic cord has an unextended length of 13.0 em. One end of the cord is attached to a fixed point C. A small
mass of weight 5.0 N is hung from the free end of the cord. The cord extends to a length of 14.8 ¢cm, as shown in

Fig. 5.1.

-I_.G

14.8cm

I small
mass
Fig. 5.1

The cord and mass are now made to rotate at constant angular speed @ 1n a vertical plane about point C. When
the cord 1s vertical and above C, its length 1s the unextended length of 13.0 cm, as shown in Fig. 5.2
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Fig. 5.2
(i) Show that the angular speed m of the cord and mass is 8,7 rad s~

(ii) The cord and mass rotate so that the cord 15 vertically below C, as shown in Fig. 3.3
Calculate the length L of the cord, assuming it obeys Hooke s law.

Q. 6.(a) (i) Define the radian.

(ii) A small mass is attached to a string. The mass is rotating about a fixed point P at constant speed, as shown in
Fig. 6.1.

8
.

N mass rotating
\at constant speed
\

FI-
Fig. 6.1
Explain what 1s meant by the angular speed about point P of the mass.
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(b) A horizontal flat plate 1s free to rotate about a vertical axis through its centre, MIS, DCE, 1 AS/400e(IBM), OCP(PITR]
a5 Ehﬂ‘r\"ﬂ iﬂ l-'ju f} 1 akhtar@lsalt org. pk
g 62

Fig.6.2
A small mass M 1s placed on the plate. a distance d from the axis of rotation. The speed of rotation of the plate
15 gradually increased from zero until the mass is seen to slide off the plate.
The maximum frictional force /' between the plate and the mass 1s given by the expression

=2,

where W 1s the weight of the mass M. The distance d 15 35 cm.

Determine the maximum number of revolutions of the plate per minute for the mass M to remain on the plate.
Explain your working,

MUMDET = . [3]
(¢) The plate in (b) is covered, when stationary, with mud. Suggest and explain whether mud near the edge ol
the plate or near the centre will first leave the plate as the angular speed of the plate is slowly increased.

(0. 1/ June 2007/9702-4}




A large bowl is made from part of a hollow sphere.

A small spherical ball is placed inside the bowl and is given a horizontal speed. The ball follows a
horizontal circular path of constant radius, as shown in Fig. 2.1.

Fig. 2.1
The forces acting on the ball are its weight W and the normal reaction force R of the bowl on the

ball, as shown in Fig. 2.2.

wall of
bowl

Yw

Fig. 2.2
The normal reaction force R is at an angle & to the horizontal.

(a) (i) By resolving the reaction force R into two perpendicular components, show that the
resultant force F acting on the ball is given by the expression

W = Ftanae.




(11) State the significance of the force F for the motion of the ball in the bowil.

(b) The ball moves in a circular path of radius 14cm. For this radius, the angle & is 28°.

Calculate the speed of the ball.

10. 2WNov, 2014 Variant 42}
Q.8
A telescope gives a clear view of a distant object when the angular displace.. 2nt between the
edges of the object is at least 9.7 x 10~®rad.

(i) The Moon is approximately 3.8 x 10°km from Earth.

Estimate the minimum diameter of a circular crater on the Moon’s surface that can be
seen using the telescope.

diameter = ..., KM [2]

(ii) Suggest why craters of the same diameter as that calculated in (i) but on the surface of
Mars are not visible using this telescope.
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Section A e
Examiner’s
Answer all the guestions in the spaces provided. Use

9702/41/M/J/10 .
S.%0 s 6: e 0s1d Psea

1 (a) Define the radian.

(b) A stone of weight 3.0N is fixed, using glue, to one end P of a rigid rod CP, as shown
in Fig. 1.1.

- —
- ~

stone,
: weight 3.0N
\ /
3 /
k!
, ,,"-».T ¥ ’
~ -
. -
e o -' - o
v Fig. 1.1

The rod is rotated about end C so that the stone moves in a vertical circle of
radius 85cm.

The angular speed w of the rod and stone is gradually increased from zero until the glue
snaps. The glue fixing the stone snaps when the tension in itis 18N.

For the position of the stone at which the glue snaps,
(i) on the dotted circle of Fig. 1.1, mark with the letter S the position of the stone, [1]

(ii) calculate the angular speed w of the stone.

Maxinuwm  tension ok lootlomn d-P cironds, path
T - We Mmawd’

1§ ~ 3.0 = L%)[gsn?)(wl)
(15)(9.8D

_(B'ﬂjfﬁﬂ‘mi'lj

angular speed = ...covieviiiir rad s~ [4]
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9702/42/0/N/21 Answer all the questions in the spaces provided. 5=

1 (a) State what is meant by centripetfal acceleration.

Comment : 1.
""EiEO-MrnIJ : 1 owieada e (ontes Gﬁ'l'ﬂo_ ...........

ie wrf{-le-mm Civemiay. ! bo\l‘% Oond.... 'P&L':‘.\&n drcnlas  To. e ..
E\Eﬂﬂm ; EM\%@M ..... Veﬂﬂcﬁd .......................................................................... 1]

R ﬂ"ﬂ {h} An unpnwered toy car moves freely along a smooth track that is initially horizontal. The track
, contains a vertical circular loop around which the car travels, as shown in Fig. 1.1.
actetesaledh

62 cm

loop

toy car
mass 230qg

track

[ ] -

Fig. 1.1

o TR The mass of the car is 230g and the diameter of the loop is 62cm. Assume that the resistive
f:::rces acting on the car are negligible.

Spaad ﬂﬂ
ok Y b Egm (i)] State what happens to the magnitude of the centripetal acceleration of the car as it
W X . 20 moves around the loop from X to Y. v ~ Corilel

« ’ s X i R 4

Wm TS AP decrenses .. " T (]

ii—}' Explain, if the car remains in contact with the track, why the centripetal acceleration of
than %- the car at point Y must be greater than 9.8ms—=2, dﬂiﬂmﬁft:’

Y a-q, cr ) Sombripeted. forte o805 R0 Te8AUant. . o fweight
fol2 Mﬁdq,wm‘fmg _____ veachsel fore  of ok, wlile
bils waighl | qamé® & camed

S‘.n &?‘6 . Hence CE.n.l'ﬂpe]ﬂ.Q ace

Ml W =%

Eﬁhﬁ e ) ¥msTdwe B Conkack  Hyeo |
trock.
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(e) The initial speed at which the car in (b) moves along the track is 3.8ms™.

Determine whether the car is in contact with the track at point Y. Show your working.

Ry Principle of congeywolon of 2nergy
K-e¢. ok X = K- g ak Y &+ GP-E at ¥,
L

’l M'\JL e _l-- M\L:. * Ma R“r
iy > 51
- .8\ ms

L (2.8 = U_: + (q:‘aﬂ(sutﬁi) = \y =

s ., 2 _ & . 08D | g hwmit
FICCM a-t Y: = I =2 Q= glxlﬁlh

Since ad‘%-%lmil, 20 Car b Not In conbact  widh
+A track .

(3]

(d) Suggest, with a reason but without calculation, whether your conclusion in (c) would be
different for a car of mass 460g moving with the same initial speed.

Maas.. camcedr .. e eamalim._omd . cenlvipelal

[Total: 8]
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