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1. A particle P of mass 0.5kg is moving with velocity (4i + 3j)ms! when it receives
an impulse J Ns. Immediately after receiving the impulse, P is moving with
velocity (—i + 6j)ms'.

(a) Find the magnitude of J.

“4)
The angle between the direction of the impulse and the direction of motion of P
immediately before receiving the impulse is o°
(b) Find the value of a
3)
_(a)use impulse-momentum principle with vectors
I=mv-w)
T 05((-1) - [4)) wmann
we) \3
vel ( re
J=o05s(? {j_)LI_nS_a_\LECtar
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2. A truck of mass 1200kg is moving along a straight horizontal road.

At the instant when the speed of the truck is vms™', the resistance to the motion of the
truck is modelled as a force of magnitude (900 + 9v)N.

The engine of the truck is working at a constant rate of 25kW.

(a) Find the deceleration of the truck at the instant when v = 25

Formulo. for Power:

“4)
Later on, the truck is moving up a straight road that is inclined at an angle @ to the
1
horizontal, wh inf = —
orizontal, where sin 20
At the instant when the speed of the truck is vms™!, the resistance to the motion of the
truck from non-gravitational forces is modelled as a force of magnitude (900 + 9v)N.
When the engine of the truck is working at a constant rate of 25kW the truck is moving
up the road at a constant speed of V'ms™'.
(b) Find the value of V.
(5)
~(a) Diagram
T temit &
D > We r 1 : =
o D - (900+4 £ 12000 M4
v T .
12009 0 qet D we will use Power
/

Power (w) ~ P= Dy

. YA
Driving force (n) ~ Velocity(ms)
P=25%W - x1000 = 2500ow } y : =
D=D © = 1000N
vz2Sms'
Sumtitute © bactk and selve jor a:
1000~ T 0 AL
Qs _
1200
-5 - R
&
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Question 2 continued

o\ 3¢ .
v, D= 9np+AU +1200gsin®  (AA4AY
. a®
Ius\“ |
noo,cos
0) 12009 Formulo._for Power-
Power (w) ~ P= Dv\
. Y L
Driving force (n) ~Velocity(mi’)
P=2SkW —x1000 - 25 000W | Substiture:
) 25 000=Dy
V=V 25 000 =D
v v
Substitute D back and  solue for V:
éo

25000 = "' + Y%

\Y] zy
25000 = 900V +QV*+ 60qV
J
25 000- (488V + qu*

0=9qV*+ 1488V -25 000 M1t

‘I' Use Quadrotic Formua: -b2Vb4ac

g 20
V= 15.4ms' to 3sf /1

J

5
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Question 2 continued
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3. Two particles, 4 and B, have masses 3m and 4m respectively. The particles are moving in the
same direction along the same straight line on a smooth horizontal surface when they collide

directly. Immediately before the collision the speed of 4 is 2u and the speed of B is u. S
The coefficient of restitution between 4 and B is e. g
=
(a) Show that the direction of motion of each of the particles is unchanged by the E
collision. =
8) &
2
After the collision with A4, particle B collides directly with a third particle, C, of mass 2m, 5;"
which is at rest on the surface. z
The coefficient of restitution between B and C is also e. E
(b) Show that there will be a second collision between A4 and B.
(6)
U
o
S
=
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e
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2
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Question 3 continued

(a)Dio.gram

Before Alter
% |y,
3m am 3m 4m

We con wuse the consevvakion of LUnear momentusr t0 Qet Gn equation
consevvakion of Lnear momentum meons: the totod Momemkum befove the
collision s the same as the total momentum ofter.

Substitute: 3p1(2w)+ mlv) = 3wivpy « 4nivg
bu+ 4u= 3yp+4vg
0u=3va+dvg €44  MAAY
We con wse Newten's Low of Restturion to get an equation.
Newton's Low of Restituron stakes thak: when two objects collide, their speeds afier
the collision depend on (1) Speeds before ¢he collision and (2)the mokeria) {rom which they‘re made.

Substitute : e(2u-w=\Yg-Vp
eAL= Vg-Vp €Eg.2 AL
Solve simuakameously Eqi and Eq2: (M9
Get Vg: 10u = 3vq + 4vg use_elimination method
ews= Vg=vp %3] 3ews= -3vpe %\lg+
100+ 3eu= g

Va = w10+ 3e) Al
a—

Now gex Vp: 10u = 3vq + 4vg .
emws Vg-vp | %-4] Few= 4vp - 4up

10u-4euns= vy
Vpz2w(S-20) /4
v T
We know that 0€esi, .we ger that 1043e20:.Vg>0 and 5-2€30 . Vp>0.

Hence we know that hoth particles move in the original direckion. A1

9
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Question 3 continued

(b) Diagram

Before Alter VA and VB from (0); ;
va w w
ww, Vs, 0 - = — Vp: Z(s-2e) g
® G O |60 O O (i =
3m 4m 2m 3m 4m Zm T =
2
We need Wy. T
Consider only B and C (or the CoMision ‘oetween them. ;
We can wse the consevvokion of Gnear momentuw to get this. o
consevvaokion of Lnenr momentusm esns: the totod momemkum befowe the
colhsion s khe same as the total momentum o.fter.
i 0
Substitute: A (L 010+ 3€)) +Umie) = AW+ Zeiw -
Woorze) =awgraw, g1 M 2
We con use Newton's Low of Resritufion to Qet an equation. 8
Newten's Low of Restituron stakes thak: when two objects collide, their speeds afier §
the collision depend on (1) Speeds before the collision and (2)the mokeria) {Yom which they’re made. E
2
-]
T
v
, >
Substitute: e(%l0+3e) - 0) = We-wg =
X
Y2 o+ 2e) = we-wg g2 M)
Solve simuiromeously  Eqi and Eq2 to get wg:
4—%(\0*-%23 = 4w3+ 2w, use elimnotion meshed
&>
ME (10361 = We-Wg |5-21 - 2Mu0+3ed = 2wg-dw,
4u (10+3e) - 284 (10+3¢) = 6wy
>
uo*se)("% - u_:) = 6wg 3
7£(lo-tae)t?.-e\fsws %
? =
™ - -2p%) =
4—z(':.o 4e-3e*)=wg :Eu
-~ =
L(20-4e-3e")=wg 1! =
Now we witt ook at the dilferencs between Vp ol W : z
- =\ - -M _de -2 z
Vp-Wg = £.010 4e)- L (20-4e-3e") =
= 2w (10- &¢) - ¥ (20-4e-2e") 2
2 2\ g

%‘.(30-17& -20+4e +3e%)
u (3e*-Be + 10) difference between up ound ug
24

M
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Question 3 continued

Up‘-W%’o M

1

u (3e*-8e +10) > 0

24
3e-8e+10 >0

Icomp\a:e Lle Lo show ¢! - "

ae-3)s 0
J 3

(Total for Question 3 is 14 marks)

.
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[In this question, i and j are perpendicular unit vectors in a horizontal plane.]

B

(i+6j)ms!

(7i + 2j)ms!

V3ady SIHL NI 31IIM 1ON©

Figure 1

Figure 1 represents the plan view of part of a smooth horizontal floor, where 4B
represents a fixed smooth vertical wall.

A small ball of mass 0.5 kg is moving on the floor when it strikes the wall.
Immediately before the impact the velocity of the ball is (7i + 2j)ms'.
Immediately after the impact the velocity of the ball is (i + 6j)ms™'.

The coefficient of restitution between the ball and the wall is e.

(a) Show that AB is parallel to (2i + 3j).
“4)

(b) Find the value of e.

VIYY SIHLNEILRIM LTON-Od

&)
(a) We know thot the impulse is perpendiculor to the wolk. We will use this fact to show this.

[mpulse. s the Caonge in momentum

for change 0 mowentum:

Substituke - I=m(v-u) Mo
1=05!(3)- (30
z0.5x% (&) =(i)'lmwuse AL
We need to use the scalor product ¥o (‘:) and (';') axe perpendiculox
(2)-()
S -3(2)+2(3)
= -6+6=0
As the scalar product is 0, we have shown thok the two vectors ave perpendiculor and as the
is_pevpendiculor to e wow, AB must be paroiiel to (3). Al

P 6 6 5 0 7 A 01 2 2 8
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Question 4 continued

W= (3) ‘I'-'(',?) Lrom (a) M4
=e <« we’ve looky ihis
i nd . Produck:

7 (8)-(§):ac+bd
cex (1) ()= (D) (F) mnins

—e(-24+4)= -3 +12

-ex-13= %

»°

value ofe
Al

P 6 6 5 0 7 A 0 1 3 2 8
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 9 marks)

15
Turn over »

5 2 8

1

P 6 6 5 0 7 A O

D 002020220 %0 %6220 226265 9 K K 90%% K R $%% o36%%
OO0 : S msse s soosests S e
9% )= % % 9 9 9 X %e%% . KK A ’ L ' [~ 0000000 0a0 00 0 0 0 0 0 0 90 $9% <)
L% ] ’ $ X 9 9 T ¥ LN <} N XSS IESIESELEKEKEKKL (09,000, ©
9 y % \ $ 9 < 9 < KA |\ J 00000 00 0 O O O O OO 00 00 00 00 000,
B e O K KRN RIS
X XX XXX XX ORI AR AR AR XA XX ORI AR AR HARHKAHXAAXAXAARA



. A smooth uniform sphere P has mass 0.3 kg. Another smooth uniform sphere Q, with the
same radius as P, has mass 0.2 kg.

The spheres are moving on a smooth horizontal surface when they collide obliquely.
Immediately before the collision the velocity of P is (4i + 2j)ms ' and the velocity of Q
is (-3i +j)ms™.

At the instant of collision, the line joining the centres of the spheres is parallel to i.

The kinetic energy of Q immediately after the collision is half the kinetic energy of O
immediately before the collision.

(a) Find
(1) the velocity of P immediately after the collision,
(i) the velocity of Q immediately after the collision, Vg
(i11) the coefficient of restitution between P and O, e

carefully justifying your answers.

an

(b) Find the size of the angle through which the direction of motion of P is deflected by
the collision.

3)

(a) Diagram

Before 5 ©  After 13

P0.3rg @ 0.2kg P0-3kg @ 0.2kg
First, considev the KE of @:
for WKinetic Enevgy:
We owe thow: KEF = ‘EKEI
Substiture: ¢ final speed of Q; Pythogeras’ Theovem

¥ 1
‘E(o.z)(@f) = Lxd 0.DWERA 1A
0.1 *(vol'e ) = 0.05(9+1)
0.1%’;1) = 0.5
k8 -
\)Q*‘z' 5
VQ=4-

Vo= £

P 6 6 5 0 7 A 0 1 6 2 8
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Question 5 continued

=< =
initia) ve\odhj kg\m velocity
Substituse:
< -2)=
1.2-0.6 = l.%upLo_mq_l_muiph’_anh_ﬁAm_hq_w_m_\u—
MAK\A €. = 3up+ ' \
Formado.: ellp-ug)= Vg -8,
_— .
coef(icient o¢ restituticn  nitial speed fsnal Speed
Substitute:
e(4-(=3) = Vg-Vp
MA AL Ye = Vg -Vp €q. 2
Egll
6=3vp+
-
te=Vg-Vplx-2| -14e= - g
@
6-14e = S\I'g
\p = m
" S
B +
A, - b
6+11e =Sug  ond we know Vg=t2
It vgQ=-1: 6+2ie =5(-2)
6+%e=-10
which g‘gvgs e=-16 ths i NOT Possih]e since 0fesy. M
24
AL Vo= 2: 6+21e = 5(2)
21e=10-6
i 2% volue of e M4
24 Al
q J

17
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Question 5 continued

6~ V4 ( C
Vp - ); &
= 6- 'g' 9|
0 S =
- ‘l_ E
s ~
Up = 2. m
=2 =
Mq- 2 =
L
c. fFor: :
i. P the ginol velocity 1s (%50 +2))ms" E
ii. @ the ginal velocity is (2047 s’ A
i, the volue of e is % A1
(b) Dingrom
Q Q (ing! velocittj trom (a) e
- L b S A 2 o
. =
we _are (ooking for angle o S
4 P =
&
Let's wse the to ger the angle. m
a
L
i
B
X
>
Substiture in owr voluen: & L )
coso= (2)( 2 M4 Aa
V4R = 2N (Yt
g
cosaz _t*+3
J20 »+§
L e
oo | k) g
3 Z
9
= rac' (V2
ols —
coi’(12) §
-]
(pg)
= ° =
W=45° angle deflected =
A1 =
¥
3
X
Tl
>

18
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Question 5 continued

(Total for Question 5 is 14 marks)
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6. A light elastic string with natural length / and modulus of elasticity kmg has one end
attached to a fixed point 4 on a rough inclined plane. The other end of the string is

attached to a package of mass m. S
5 S
The plane is inclined at an angle 6 to the horizontal, where tanf = %) 3
5
The package is initially held at 4. The package is then projected with speed /6g/ up a -
line of greatest slope of the plane and first comes to rest at the point B, where AB = 31. =
: o 1 =
The coefficient of friction between the package and the plane is A =
7
P
By modelling the package as a particle, E
how that k = L)
(a) show tha Y
(6)
(b) find the acceleration of the package at the instant it starts to move back down the
plane from the point B.
5
) g
. .S ;
(o) Dogrom N from tand=% z
Ag\ =13 5 . 03B L"% =
=0
V/\;‘,,» | A sine =2 =
-~ ) =~
‘-// e . / e bl
T M 2
RAC P . 2 2
& %mqtoso h vergim\ E
GPE-0at A, on o refevence point 2
5
ge)
: . z
. stic potentior o
potential e;gt : : . =
{ o
ction = + o
Sk
N . J y N . . . g : " =
potentiod  elastic [ lpotue.nehox.” £
potentianiNlS Sinee it leaue: b
S
_Sustem as heok =
Wrormuloe for Ke, GPE and EPE: — (Modulus of elasticity | >
k E =1 ﬂﬂ!!z NE]OCih, ‘:PE = mgh _/C hang!gqh;“ EQE = }‘x'.‘-‘ gxggns'mn Q‘ v
2- l ) . _ - ZL . .
\ 5 of the Strinqalsprinq J
20
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Question 6 continued

Let’s subctiture whot we know:

—m(rl\ W*«% 3 MN\S +F("‘\ M1A1

;. We need to hnd ond

L. for
Since there is motion, we Know = is movcoum  ond =pk
To gt R wpe th\cu\\ﬂ:

R= mgcosB z %mg

=) 2
#5u™
=3
T
T for
13 : \ 3\ :I s
5_) 3 3
=154
12 13
S = Ta_’ s!ﬁe"-g—l
. . wc wonk
Substituke back inko ouwr WE equition: t\ms'
1 L3 3 S km (2\ W
_m(le_g\\ 3‘(\3‘“‘5\ : m%( \ ﬂ B1&4 84
Solve  for k:
Lmi6g) - 3 3 mgl = Lmgl + 41 "’"9
3myl- ""%mq\' ‘5 mgt’ kagt conced mgl
\S - 2.K
\3
x_% hence shown A4
(b) Diagram At the point of Shpging, - i max., . spR
/e xteasioh
R 53 s lms (from (a))
~ & 13
?:"t‘li{“ > et for in the Strins'.
mgcoso
ﬂq
A% Substituke - s
T= lsmgxzy B
15 m
T 3
Now we can use to (}u acceleration

+mqsm6- o Wl wonk 0. MIAA
Roig+ n'/‘ﬁ SHgTme cancel m's @i
‘* = rokion A
_34_&‘3 occereroknion of b

21
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Question 6 continued
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Figure 2

Figure 2 represents the plan view of part of a horizontal floor, where AB and CD
represent fixed vertical walls, with AB parallel to CD.

A small ball is projected along the floor towards wall AB. Immediately before hitting wall

AB, the ball is moving with speed vms! at an angle a to AB, where 0 < a < g
The ball hits wall AB and then hits wall CD.

After the impact with wall CD, the ball is moving at angle % a to CD.

The coefficient of restitution between the ball and wall 4B is %

The coefficient of restitution between the ball and wall CD is also %

The floor and the walls are modelled as being smooth. The ball is modelled as a particle.

1 1
(a) Show that tan(—a] = §

2
(7)
(b) Find the percentage of the initial kinetic energy of the ball that is lost as a result of
the two impacts.
“4)
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Question 7 continued
-2 . .

ez § wcosB =2co8(fec) ~ euswok = - Wsin®

8/ L asnlsed) 7 2

(o)

_ does’t change ! - 2 wsing = 2Sin(
q / 3
- . 220 = 28w(L
\ - ) Poromel to the wauls:
\V ms l +
VSinot B\ 8 VoS ol = weosl
() l\W§\|\6

B wWCosB = 2eos(a)

2
VoS ol = Weos -2
pEwel est s veose = 2eos(3) (T)

@ 350 = Zsin(4 ) cancel v's and ='s
® wcosx =zcos(fx)

4— = L =§\!\5 1 .l'hl
q Lz ) Pt 5 cos® J
MMM&}IL&MM-

- 2(tan$)

tanat
1-tan(%
\
M)

{rom / 1= & tan: 4.'.( 1_*/\) Sinte t =tan2
4 q \‘ *1 “
4 MA

t - 4x2t
11-t?)
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Question 7 continued

(b) for JKE lost:

for WKinetic €Enevgy:

To gct KE lost: N M1
kE]_‘ lz-mu"
We need the final speed, =. KEg = lim%_"
To get this,let's square ond add @) and @ trom (a)
=25n(s=) @
=rcos(ia) (I)

@ @ “‘u sintot ¢ y2costa = 2sint(e) + 2205 (2 )
\l (’é-lsmod osn) = 2 (Sint(Sa) + cos (zn))

2 1 ¢ 2 = 22 =A
Sulostitwle owr 2? into ~concel Lo?
%VE tost - 1oox( M(ﬁﬂna*cos ’0) M1
Swat
¥ 10 gek Since and cosex: -4oox(1 (5x(2)+(% )
tona: Ztang = 100 (1- '6 -1)
= 1-32 _¢ B1 - 218.8 5 A\
%’."? =% tena g L&Mlmm
tonaz 3 =3 cosaz=4
5
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Question 7 continued
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(Total for Question 7 is 11 marks)

TOTAL FOR PAPER IS 75 MARKS
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