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Section A (26 marks)

Answer all the questions

1 A particle P has position vector rm at time ts given by r = (t’ —=3t*)i — (4t> +1)j for t > 0.
Find the magnitude of the acceleration of P whent = 2. [4]

v=dr _ Qt*-ct) — -
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2 A particle of mass %g is moving with velocity 2i + 5jms . It receives an impulse of magnitude 15N's in
the direction i + 2j — 2k. Find the velocity of the particle immediately afterwards. [3]
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The fixed points E and F are on the same horizontal level with EF = 1.tn. A light string has natural length
0.7m and modulus of elasticity 29.4N. One end of the string is attached to E and the other end is attached
to a particle of mass Mkg. A second string, identical to the first, has one end attached to F and the other
end attached to the particle. The system is in equilibrium in a vertical plane with each string stretched to a
length of 1m, as shown in Fig. 3.

(i) Find the tension in each string. 2]

o ko's bhy: T= AL
2

(i) Find M. [3]

. . | Q= M
Ma wu‘rm/Ug/ 2.7~ 9 2,

-52‘()2'6“ Oé - Mg'
l

N M=z 2x12.6x0.4
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4 A fixed smooth sphere has centre O and radius a. A particle P of mass m is placed at the highest point of
the sphere and given an initial horizontal speed u.

For the first part of its motion, P remains in contact with the sphere and has speed v when OP makes an
angle 0 with the upward vertical. This is shown in Fig. 4.

Fig. 4

(i) By considering the energy of P, show thatv’ =u’ +2ga(l-€os 6. [2]

Cosannlion § Cusgy betid ke + ikl Pe = ol ke + Findd PE
= L mu +V\a\r\o= H?PL,

2
D b ur e ga =y, = uF Bes

S ST e 2 e
D V= ULTZjC&“%jA(b&E DN wL+?ji(1—cose)

(ii)) Show that the magnitude of the normal contact force between the sphere and particle P is

YT
3
<

R mg(3cos 9_2)_m7u (2]
J/) zn N2L DOy cene : m‘j&%@ _ K = my?
) o

> Ke glsf - A (WT 4 240 (2 (o))
SRe mGeo mit s,
(? — Z 3 2—""3(0'59



PhysicsAndMathsTutor.com

3R=3 &@59*""_0%1 ,wag

DR Mﬁ(3m9—2>- mu M@m
Q. —_—
=
The particle loses contact with the sphere when cos 0= %

(iii) Find an expression for u in terms of a and g. 2]

@iy print” K0

 log
/

5 Fig. 5 shows a light inextensible string of length 3.3m passing through a small smooth ring R. The ends of
the string are attached to fixed points A and B, where A is vertically above B. The ring R has mass 0.2%kg
and is moving with constant speed in a horizontal circle of radius 1.2n. The distances AR and BR are 2m
and 1.3m respectively.

A
x=05 _ g5
-3 1/3

Con
Cog-

—

’;L{/

2 5

i NOF '6‘ A----T7
B
Fig.5
(i) Show that the tension in the string is 6.3N. [4]

RMMZ mﬁwﬁ Tcr O = O-Z?? + T(G80cx

> ng— = 027c + 1x§
3
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= T =63N

(i) Find the speed of R.

N2) f&ﬂhw(% TS0 + Sma = O.27u*
/2

:'>TQ.}—> + | kl——é> = 0.225v%

yA 1.3

:> 6?)7‘ (0@;'(’ (_%_) = O-ZZ6VL
">

D vr- 432

D y: 6.57ms
—_—

[4]
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Section B (94 marks)
Answer all the questions

6 Fig. 6 shows a pendulum which consists of a rod AB freely hinged at the end A with a weight at the end B.
The pendulum is oscillating in a vertical plane. The total energy, E, of the pendulum is given by

E:%I @ —mghcos 6,

where

e  is its angular speed

e mis its mass

e his the distance of its centre of mass from A

e 0 is the angle the rod makes with the downward vertical

e ¢ is the acceleration due to gravity
e [ isaquantity known as the moment of inertia of the pendulum.

Fig. 6

(1) Use the expression for E to deduce the dimensions of . (4]
- -1\ 2 -
ML*T™% = [T "% - ML *T~?

E]T7%= ml* e > (1)= MLT

—

It is suggested that the period of oscillation, T, of the pendulum is given byl' =kI OL(mg) "h ', where k is a

dimensionless constant.

T=ARL™ (mg) " (1)

T= (ML) (me72) P (L)
TomMTP 2R T o2p
Eq“‘*’g@ povs U= -2p 5 g
Eﬁ"‘""? powos of M: O=a+p DO

n ]
|
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"5 X = 1/2—
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2 o2 BET Ny
. . . 1
A class experiment finds that, when all other quantities are fixed, T is proportional toT .
m
(iii) Determine whether this result is consistent with your answer to part (ii). [1]

1{) oJL oM qUuonbtiey  am ,{)A-,&wq, Han lg:ca\a”\v S
& conxntadd - T ox mY =) T x m i)
So T i peppkead b omhe and e syt

(S congsitent ot ().

7 A uniform ladder of length 8m and weight 180N stands on a rough horizontal surface and rests against a

smooth vertical wall. The ladder makes an angle of20 with the wall. A woman of weight 720N stands on
the ladder. Fig. 7 shows this situation modelled with the woman’s weight acting at a distance m from the
lower end of the ladder.

The system is in equilibrium.

wall

Fig. 7

(1) Show that the frictional force between the ladder and the horizontal surface is IN, where
F =90(1+ x) tan 20. [4]

@UOLWE Aoff - R=F
B) . 18032 sl IR Dox o = Reonle = B
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DN 72620 + (20xSHn20 = BRcax 2o
> 720S3n20( 1+ %) = @RCY20
é R = 7205\'m?_o<\+'x\

DCs_20

> K= 90 (1+a) tanzo SHewom -

(i) (A) State with a reason whether F increases, stays constant or decreases as X increases. [1]

F increasns ok N e g f»euwum
all othoe  tesumy, Az”ﬁ fho Lame-

(B) Hence determine the set of values of the coefficient of friction between the ladder and the surface
for which the woman can stand anywhere on the ladder without it slipping. [4]

F s /\Zluf' e =8
70(7J‘(fM2-o
=810 tan2p - A
M7 wshestl,: P- 720 + |8
= ?9351
F< pKk
D Bloban 20 ¢ M= Qoo

D M = Blo tan2e
Yo &

> M O.BZ%(%L.)

—_—
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A tractor has a mass of 600(kg. When developing a power of 5kW, the tractor is travelling at a steady
speed of 2.5ms ' across a horizontal field.

(i) Calculate the magnitude of the resistance to the motion of the tractor.
hAeO—>F P=Fv
-
2.5 S5000=F x25
Go““j DF = 2000 N
F-R=0 2 K=2000N
e
The tractor comes to horizontal ground where the resistance to motion is different. The power developed

by the tractor during the next 10s has an average value of 8kW. During this time, the tractor accelerates
uniformly from 2.5ms ' to 3ms .

[2]

(i1) (A) Show that the work done against the resistance to motion durlng the 1€is 717501. [4]

PE+ Worlt = Fiade +Faa = +\
Cors. 6?06% Vokhad ke « Dbt PE- t Ggw'\s'l'
‘/&mu:.- 0 +Pfc = Zuw-e D +W

=>‘/2x€>ooox2.5"4, 0+ Bocoo = léxéocxrf\?)?' +0+ W

D 1850 + Soocoo = 27000 + W S W= 712507

—

(B) Assuming that the resistance to motion is constant, calculate its value.

u=2.6 v=3 t=lo 57

Tl (wet ',Z(S'-f)*’o = 275 m
WD = F
7750z 27.5«F D F = 2¢cio N

-
-

[3]

. N . . 1
The tractor can usually travel up a straight track inclined at an angle a to the horizontal, whersin o= —

while accelerating uniformly from 3 m s* to 3.25 m s ' over a distance of 100 m against a resistance to
motion of constant magnitude of 2000 N.

The tractor develops a fault which limits its maximum power to 16kW.

iii) Determine whether the tractor could now perform the same motion up the track.
p p
[You should assume that the mass of the tractor and the resistance to motion remain the same.]  [7]
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S = loo (A:3 v:5-25' a = N

Vw28 D 3.25 = 9 + 200 x

D a = 325 -3 = @& = O 0078125ms

200
NzL * 7 D‘Z_OOO"
D- haz e .g75 N

éoooagfn X = éooo xO-0078125

p—

Max W: F v

= H286. 8725 <325
= 16207
~ 6 2kw (3»56)

T, Ao bt =  ux Fouren % /G .
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Fig. 9

Fig. 9 shows the instant of impact of two identical uniform smooth spheres, A and B, each with mass m.

Immediately before they collide, the spheres are sliding towards each other on a smooth horizontal table in

the directions shown in the diagram, each with speed v. The coefficient of restitution between the spheres
1

1S E

(1) Show that, immediately after the collision, the speed of A i 1s v . Find its direction of motion. [6]

u&a, hpf»zn“g_o CG—W\/OM %‘N/(Daj

Vs, e =
u&-un 2’
) VA’VE> = l/ ::> Va- \/6 = |/2<)/2V+V)

A s
vt b (-v)
= VA’ V6 < 3{' \J —’§@

rcLmM - \,COJSGO(?A) - (A = Va (A + Ve ()
= Va +\p =15,

(i1) Find the percentage of the original kinetic energy that is lost in the collision. [7]

- \/&:\/A—%{V = l/8\/-3//.{\1 - -5

*{\_- Vap Movunhen \ISMéO(W‘)= \/87‘<m)

Nag = @V
2
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...5--q
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2 2- 3\ *
- (-5 3y
R= (%) r (3Y)
R*: #33y- 5 R= T
CA 8
Dpbad kg = vl mv® = My S
2 2
Fin k€= 1, m (VI3 V2 ) (]
% ( g) +/m(/8\/)
= 37 mu*
G4
L.oS‘S SQ ke - g,\;-hi\,Q—Fr'm.,Q = _2_?'va
G4
'/ doss = 2T Tt mUT s 0422 x 42.27 (3s
GH . m

(ii1) State where in your answer to part (i) you have used the assumption that the contact between the
spheres is smooth. [1]

'{KQ_WM’X,QAWWWOZA
feﬁf)embwia& Jfﬁfﬁ\ll"’%% cenrdle

Aoty ret ij@.
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In this question take g = 10.

A smooth ball of mass 0.1kg is projected from a point on smooth horizontal ground with speed 65ns " at
an angle o to the horizontal, wheretan o= % While it is in the air the ball is modelled as a particle
moving freely under gravity. The ball bounces on the ground repeatedly. The coefficient of restitution for

the first bounce is 0.4.

(i) Show that the ball leaves the ground after the first bounce with a horizontal speed of
52ms ' and a vertical speed of 15.6ms . Explain your reasoning carefully. [4]

cx Wu:’b@’)&ﬂ&‘%_,JSon\:

«

s=0 ub-*- 655-145( = 39 \S: v a=-10

viu®r2as 2 U s 3at-200) D Vy = 31w

—

Ny = V> o 65 (s X = N2 mg !
PCLM & Correned hor;'ze.vd-,,JLJ’ o\Aw 2B
-(\'*_3 = 04 ='_> Unme = OL{\(B‘T = 5. GMS—'

[2]

(i) Calculate the magnitude of the impulse exerted on the ball by the ground at the first bounce.

J=m(v-w)- O 1 (15 &6~ (~39))
> 1= 5-k46Ns

Each subsequent bounce is modelled by assuming that the coefficient of restitution is 0.4 and that the
bounce takes no time. The ball is in the air for T, seconds between projection and bouncing the first time,

T, seconds between the first and second bounces, and T, seconds between the (n —1)th and nth bounces.

(iii) (A) Show thatT, = ? (2]

w31 Nr-39 i _lo 4.7,
V:ur&k

-39= 39 - lof

01 = 7%

t"3°l/ .':T’ MM

u

%
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(B) Find an expression for T, in terms of n. . [2]
T ALeguim & 4 a ch ./:fd(jf%eﬂ W fhe
a = 3% ondl =0 4
n-tl
Ta= 3 x 04
S
(iv) According to the model, how far does the ball travel horizontally while it is still bouncing? [3]
S50 = @ = 0 = (3
T
1-0-H
V= S 5 S
n 52x13 6 F6m
——
(v) According to the model, what is the motion of the ball after it has stopped bouncing? [1]

Cassues on wilhe o houzmbl wﬂou'(a
C% 52Zms-r.
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11 The region bounded by the x-axis and the curvey = %k(l - xz) for —I< x<1 is occupied by a uniform

lamina, as shown in Fig. 11.1.
A

N[ —

Fig. 11.1

(i) In this question you must show detailed reasoning.

Show that the centre of mass of the lamina is at(O, lkj . [7]
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A shop sign is modelled as a uniform lamina in the form of the lamina in part (i) attached to a rectangle
ABCD, where AB =2 and BC = 1. The sign is suspended by two vertical wires attached at A and D, as
shown in Fig. 11.2.

wire wire

Fig. 11.2

(i) Show that the centre of mass of the sign is at a distance

2k* +10k +15
10k + 30

from the midpoint of CD. [4]

Akg= 2
s

Dt q Co-M Somm DC= k 4
5

L hMea = 2x 1= 2
Disk ﬂDC_.o.M Frem DC =0.5

i(%/uzj = %k(\ghuj X 2(0-55

2 [z +¢ - 2w te2 k + |
( 3 5 3 Dx 5
Y (Iokrao): 21+ ok ¢ 5

x|
0

2k%+ low +15

lok.+ 30 // /g’g__;_%
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The tension in the wire at A is twice the tension in the wire at D.

(i11) Find the value of k. 1 [5]
1

v

VY): T€2T=(2+2 1
R(V): Te (*Ek_>a

" (212
D 1.27 = =% < (2020

—

—-3 27 = 21(_ -(-OKTJ \((Z zk)a

lo it «+ Do
A 2% L(Z%E)é 2 ZLTOKTIOKHB X 2/%35

> ;C\OK%O) 2k%riok + 15

\

D DKebo = G« BoK +45
> D- c* ¢ lole- 15

MSn'v\a colcdakor & —5155',',’5'

0

K wmugt be ‘+'we . K - -5‘(\/7(—‘% Q5L{(’5
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12 Fig. 12 shows x- and y- coordinate axes with origin O and the trajectory of a particle projected from O with
speed 28ms ' at an angle o to the horizontal. After t seconds, the particle has horizontal and vertical
displacements xm and ym.

Air resistance should be neglected.

28ms!

Fig. 12

(i) Show that the equation of the trajectory is given by

tan’ a—@tan a+1i(2)y+1: 0. *) [5]

—=>O

=2 Y

=u7’c-‘

/ZSIC * 285 x C- 44" > O
Sbes @ w @:

5=;g<£wb«>s;,,« _ 4.9 <2;TM)L

32 Hlonx ~ At g 24

1 6o
§= 2tk = 2 ([t tan®x)
(Go
Y= wona - f:_L_Q_: — Y nx
IGo 6O

(

Lo - 1eoc:2o\ _ 1= teaa A\ ) = bon"x - (Gotong + | Kooy
2 xr

shewm -
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(i) (A) Show that if (*) is treated as an equation with tan o as a variable and with x and y as constants,
2

then (*) has two distinct real roots for tan g when y <40 —X— [3]

b*- 4ac >0 ‘or 2 ohslmd—renu( Gok

.. léc) (l—(— (Go)
%2-

16
e a —;{o—z > 4("‘,((66>\3

\\ AE
160° _ 42,16 ho- ghovm
. > + 0:3 -b ‘a < 160//

(B) Show the inequality in part (ii) (A) as a locus on the graph ofy =40 — IXR in the Printed Answer

Booklet and label it R. [1]
n ‘3

6O
- X
S is the locus of points (x,y ) where (*) has one real root fortan o
T is the locus of points (x,y ) where (*) has no real roots fortan a,
(iii) Indicate S and T on the graph in the Printed Answer Booklet. 2]
(iv) State the significance of R, S and T for the possible trajectories of the particle. [3]

A machine can fire a tennis ball from ground level with a maximum speed of 28ns . .

Ri 2 dishack foets- .. 2 Valus g tnna, 52 J‘f&ijodq
T: N e fosla- ,60 Vo ‘V*ﬁedb"'% “n«faf\gl« Heat Pocnly
S Q—»)«j ot rogi- awL} 1 et ble -{ra\'eolvﬂ

(v) State, with a reason, whether a tennis ball fired from the machine can achieve a range of 8. [1]

G‘raupﬁ\ shows a 3—-\Io.,ouwk sz) O M\Ok a~ Vel
180, bd His mokl  Jewwt  Commiln air gy
Sk wil plews i down. So & WU not rach 3(,”'

END OF QUESTION PAPER
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