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1. A particle P of mass 2 kg is moving with velocity (—4i + 3j)m s~ when it receives an )}\\
impulse (—6i + 42j)N s. \_:,;;fi
(a) Find the speed of P immediately after receiving the impulse. éj\

@ o
The angle through which the direction of motion of P has been deflected by the impulse gi
is a® r:;'-;\
(b) Find the value of a -5%‘\
Q?) A
S

) Using T=wm(V-w) >
'\'i%"\
P Iy A\ ’>\
[-e)=2[v-[-4)] ® -
\uz/® \  \3))

v = C).S/-b\-r/""i
\ 42/ \ 3/
v=[-7]
\24 )
0,
0 : -1
speed = J(-A*+ 24" =25ms ©
b) }Ry
~ o
\\\\é
Va 4 \ v 2 \
. _Co = - -
3 4] @
/(-4)2+32 =5 5 x5
cosx = 0.3
0
= 33 (2sf) @
- Ji
2
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Question 1 continued

(Total for Question 1 is 6 marks)

O =

R )OO 0 3
Turn over »
P 7 2 7 9 8 A 0 3 2 8 urnove



PhysicsAndMathsTutor.com

2. A car of mass 1000 kg moves in a straight line along a horizontal road at a constant
speed Ums '. The resistance to the motion of the car is a constant force of magnitude
400 N.

The engine of the car is working at a constant rate of 16 kW.

(a) Find the value of U.
3)

The car now pulls a trailer of mass 600 kg in a straight line along the road using a tow
rope which is parallel to the direction of motion. The resistance to the motion of the car
is again a constant force of magnitude 400 N. The resistance to the motion of the trailer
is a constant force of magnitude 300 N.

The engine of the car is working at a constant rate of 16 kW.
The tow rope is modelled as being light and inextensible.
Using the model,
(b) find the tension in the tow rope at the instant when the speed of the car is ? ms '
v (5)

o) —

up0 1000 . F

P=16,000=F0 = F=(5000_n
U

Resalve (=+): E-U400 =0 @
F =400

YOO = (6,000_ 5 (=40 ®
U

b) 40O
300

ToYoloY NI S

oo | T T

P={6000=20F 5 £=2u00 O
3

O,
Resolve =+ for car: F -T- YO0 = 10000 @
2000 - T =(0000. ()
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5 N
Question 2 continued
Resolve —> + for Eradec: T-300= 600 @ O
® +@: 2000 - 300 = |000a + 6000
a_= |.0625 ms-2
Sk @ T= 300 +600(1.0625)
= 9372.5N (@
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Question 2 continued
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3. Aparticle P of mass 2m is moving in a straight line with speed 3u on a smooth

horizontal plane. It collides directly with a particle QO of mass m that is moving on the
plane with speed 2u in the opposite direction to P.

: o . 4
The coefficient of restitution between P and Q is e, where e > 3

(a) Show that the speed of Q immediately after the collision is (@ +10e)u

(6)

After the collision Q hits a smooth fixed vertical wall that is perpendicular to the
direction of motion of Q. The coefficient of restitution between Q and the wall is f.

(b) Find, in terms of e, the set of values of f for which there will be a second collision
between P and Q.

C))

o) TSN L
P @
— —>
\Y w

0
CLM (%’f)? Fu(2m) ~Zam = Zmv + mw O
v+w = Yu O
@

NLR: 6= w-V_ 2 w-v=5eu D
Jurlu 2w -2v = 10en @

O+@: 2vrw+2w-2v=4u+[0eu D
3w = (4+10e)u

w = (4+10e)u_ o5 required. (1

3

b) MeHrod: Find v and the speed of ® ofker ik ks Hre
wall (w') ond set w'>V

from @: v

1\

w - Sen
= Y4 ¢ [Oew - Seu
3 3
= (q—SQ)u, @
3
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| Question 3 continued

Sace e>H , U-5e<0, so v<O. weove considering
S

3

| the positve speed of P whnclats - (4-5e)uw

PN

w
v
ASNENNNRNNNNINN

£ (4+10e)uY

K

for second, callision, F(4+10e)u 5 - (4-Se)u @

3 3

F(y+10e) » Se -4

L S5e-U
Y+[0e

Se-y <f <1

Y+10e

J
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Question 3 continued
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4. A light elastic string has natural length 2a and modulus of elasticity 4mg.
One end of the elastic string is attached to a fixed point O. A particle P of mass m is
attached to the other end of the elastic string.
The particle P hangs freely in equilibrium at the point £, which is vertically below O

(a) Find the length OE.

“4)
Particle P is now pulled vertically downwards to the point 4, where OA = 4a,
and released from rest. The resistance to the motion of P is a constant force of
) 1
magnitude ng.
(b) Find, in terms of @ and g, the speed of P after it has moved a distance a.
(7)
Particle P is now held at O
Particle P is released from rest and reaches its maximum speed at the point B.
The resistance to the motion of P is again a constant force of magnitude img.
(c) Find the distance OB.
“4)
o) SErll\Q (.),1
p T
(=70 T
A = Umg
| Resolve (T+): T= mo()
22 mg
E
T= AxX = ng’x @ Elmg% =m9)
( Zo Za
x = 209 = 1 o (D
Umg 2

12
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A

.
Question 4 continued
b)
(@)
KE Lefore KE ofter
+ GPE lefere = tGPE after
t £PE before + EPE ofter
¢ work done agoinst resiskance
Tv
a
A To
2 0 ® O
0+0 + Umg (2a) = 1 my? +mgo. + mga” + ! mea
2x%a. () 2 2% 70 4y
Umaga = ! mv* +mao + maa + L mga (D
J 2 v J q J
vyt = “4g0. -qo. -ga - Lga
2 L
v=|Fag @
v 2
c) Wohest Speed whea a=0
T .—'.mq
g™
J{ az0 - Resolve (T) T+ q_' Mg = mg ®
y T=3mg
Mg 4
3mg_= Ymgx ()
Y 20!
J
13
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Question 4 continued
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Figure 1

A smooth uniform sphere S of mass m is moving with speed U on a smooth horizontal
plane. The sphere S collides obliquely with another uniform sphere of mass M which is
at rest on the plane. The two spheres have the same radius.

Immediately before the collision the direction of motion of S makes an angle a,
where 0 < a < 90°, with the line joining the centres of the spheres.

Immediately after the collision the direction of motion of S makes an angle § with the
line joining the centres of the spheres, as shown in Figure 1.

The coefficient of restitution between the spheres is e.
(m+ M)tana

Show that t =
(a) Show that tan (o —eM) "

Given that m = eM,

(b) show that the directions of motion of the two spheres immediately after the collision
are perpendicular.

(2)
@) b o LOC:

Usinx = Vsing (A (D
/ ko LOC: )

LM (== +): mUcosx + 0 =m\/cos,€ +Mw OO
NLR: €= w-VeosB > elcosat =w - \cosg (O
Ucos = (D
Mel cosx = Mw -M\cosg @)

16
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Question 5 continued

O-®@: mUcost - MeUcosa = vv\\/cos,BJr MV cosB
Ucosx (m-eM) = Veosg(me M) [B

. (D
A =18: NI \sing ~ _
Ucosx (m-eM) Veosg(m+ M) ©
boax = konf
m-eM M+ W\
tang = (M+M) Eanx_ gs requiced )
m-~eM

b) m=eM 0 m-eM= 0, tanB s udefined éﬁ:qOo 0)

X Heﬂﬁe, aE(:ec Hne chltSl(M S moves p_ecp@d]ngp te fhe

LOC) a aves

; :

AN J
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Question 5 continued
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. A particle P of mass m is falling vertically when it strikes a fixed smooth inclined plane.
The plane is inclined to the horizontal at an angle a, where 0 < o < 45°

At the instant immediately before the impact, the speed of P is u.
At the instant immediately after the impact, P is moving horizontally with speed v.

(a) Show that the magnitude of the impulse exerted on the plane by P is museca

The coefficient of restitution between P and the plane is e, where e > 0

(b) Show that v* = u*(sin® a + e” cos” o)

(c) Show that the kinetic energy lost by P in the impact is

lmuz(l —e*)cos’ a

2
(d) Hence find, in terms of m, u and e only, the kinetic energy lost by P in the impact.
a) s
uwL. 05-
oL\
\
N
Vv O
y, e
A\ &
bd‘ \ o$+
ey NAAC

!
X

C))

3

2

(2)

©
CLM akong bhe plane ( A +): vmeosa = umsing ©

V = SN
COSA

©
considering mpulse (N+t]): I= W\( VSINK 4—UCO’So() ©

=m [ WSIN&K + roex
cOSL

= mu ( 9n2x+cos?x)
COSK

= MUSeCA @

p 7 2 7 9 8 A0 2 0 2 8
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Question 6 continued

b) NLR: e = vaink > eucosx = vSing ()

(R COSK

sguace lookh sides: y2sin®a = e?ucos’xk

also fromn CLN\: VvCOSAl = uSIN

4 T — 'LSl 1

D + @ vEantx + vt eostk = eultcostk + ulsin (1)

vE(n% +cos ) = nt( e%cos?a + Sin)

vZ= w2 (sinta + e?cos) @

W
&
D

- KE r

2

b))

—mV

{ * (s1a2ot + €2cos )] ©

—

u

1
2
l
73
[
Z

ut - I mn? ( |- cosZx +e2cos%«)

3

|- N- N]— Ny

= - & I oSty - | mu\').e?- 1
2

2 A

mut( 1l - e*) coszx ()

Nj— N

dl €ucoSa = VSINAX ﬂ!ﬂd WSINX. = VCOS

eUCosX = VSINK = ¢ = Lon*a

wsSinK VCOSA
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Question 6 continued

sectx = |t+e

cosw=__' (i)
l+e
so KE losk = _I mu"(l‘&e)(l‘e)x ‘
2 [+e
= Tmul(l-¢) @
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Figure 2

A small smooth snooker ball is projected from the corner 4 of a horizontal rectangular
snooker table ABCD.

The ball is projected so it first hits the side DC at the point P, then hits the side CB at
the point Q and then returns to A.

Angle APD = a, Angle QPC = f3, Angle AQB =y
The ball moves along AP with speed U, along PQ with speed V" and along QA4 with
speed W, as shown in Figure 2.

The coefficient of restitution between the ball and side DC is ¢,
The coefficient of restitution between the ball and side CB is e,
The ball is modelled as a particle.
Use the model to answer all parts of this question.

(a) Show that tan § = ¢ tanx
(b) Hence show that e, tana = e, coty

(c) By considering (angle APQ + angle AQP) or otherwise, show that it would be
possible for the ball to return to 4 only if e, > ¢,

If instead e, =e,, the ball would not return to A.
Given that ¢, =¢,

(d) use the result from part (b) to describe the path of the ball after it hits CB at Q,
explaining your answer.
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Question 7 continued
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o) considerng side DC:
\V Vo povallel ko DC Ucosx = Veos/ ONO,
\ /7/ perpcndmulafi €!US\M<= VSl/\,B @ @
D “W C :
@ =0 elsig = Vsin @

Ucosa Vcos A

e, ban = kang  Os reguired ®

o) considering swle CB:

:\)\(

pacallel ko CR: Vsing = Weos§ O

\

/ Perpenahculou’ eaVcosB Wsind ©

C

AT R

@ = (: €2Vcosp = WSInT

VIng W cos§

e, cotp = Eanl O

9 COE’B [:(lng

e, cobl = e, tonk as requirect (D
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Question 7 continued

Q) <AP®=180-x-g ond LAQP=180-(90-4£)-7T

cAPR + 2 AQP = 180 ~x- 8 + (R0 -Q0+ 4 -§

8K

=910 -x-§ ©

S

KRR

ko ceburn ko A, ZAPR + LAQP < 130,

since APQ s a Ertangle O

S 7310 - -0 < 180
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x+8 » 90

x 790 -5 @

snce x and 40 -T ore both acvke (0 < %,90-7 <90 )

W x>90-%, tonot > tan (90 -1)

O ond >£-an(q0—6)2 Eon (90 - o) = cokx

Fanx > cok D

€y cotl > cply O

<

€, 2 €, 0s cequred O
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Question 7 continued
(Total for Question 7 is 14 marks)
TOTAL FOR PAPER IS 75 MARKS
\ y,
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