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Figure 1 represents the plan of part of a smooth horizontal floor, where W and W, are
two fixed parallel vertical walls. The walls are 3 metres apart.

A particle lies at rest at a point O on the floor between the two walls, where the point O
is d metres, 0 < d < 3, from W/,

At time ¢ = 0, the particle is projected from O towards W, with speed ums™ in a direction
perpendicular to the walls.

The coefficient of restitution between the particle and each wall is 3

The particle returns to O at time ¢ = T seconds, having bounced off each wall once.

45 - 5d

(a) Show that 7=
4u

The value of u is fixed, the particle still hits each wall once but the value of d can now vary.

(b) Find the least possible value of 7, giving your answer in terms of . You must give a
reason for your answer.
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Question 1 continued

(&) Visualize the motion described: - “mation 2°
" Im M2

e-l’ < dm e:.z.

"3 w3 G=d) _ dm " My ?

wﬂ_ ﬁv ? A W‘_
v ums™

~We Xnow ok speed-= distance

time

~ Applythox to our 3 phases of motion:

—lex  be 0 e s i ety MY
Make *,, %, ,t; thesubeck w=d —t. =4 2u=2 _ g4 7 a,-3d 5 403d
X T3 t2 2y 9 t3 =378
ALA1 3 a

t -
ed a3 a3dod L q L0 — s 4d+18+903-d)
au

'8 o ﬂqlu, w24 Fu

1:4d+18+4(3-d) swmglify = 4d +18 +23-9d - 45-5d _1 | |
4u . 4w au a
AA

3
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Question 1 continued
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Question 1 continued

(Total for Question 1 is 8 marks)
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A B
Figure 2

Figure 2 represents the plan view of part of a horizontal floor, where AB and BC are fixed
vertical walls with AB perpendicular to BC.

A small ball is projected along the floor towards AB with speed 6ms™" on a path that

4
makes an angle a with AB, where tana = 3 The ball hits AB and then hits BC.
1

Immediately after hitting 4B, the ball is moving at an angle ff to 4B, where tanf = 3
The coefficient of restitution between the ball and AB is e.
The coefficient of restitution between the ball and BC is %

By modelling the ball as a particle and the floor and walls as being smooth,

1
(a) show that the value of e = a

(b) find the speed of the ball immediately after it hits BC.

(c) Suggest two ways in which the model could be refined to make it more realistic.
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Question 2 continued

(a) We need to consioler the collision with AB

fina ,I; vms' — fcoset=vcos@ B
vsin . .
= & ! w Kon's \aw o kU0
= 6cosoc= vCosB PP . .
e = besina exgsink=vsin®  M1A}

~Using trigonotetng, we know that tonf- sing

cos@

tang = [5n€ =6€Sino\ M1
¥cos8  Scosok
tand - etonoL

=pxd Sovms' - ex fsina = vsing
-24° vsing
A° e , B ex2¢-UWe WL
6cosot vcos@ 5 5
=bx2 @ = 18

5 b
=18 parallel to way B
5 some.
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Question 2 continued

~ Way 2: velocity components
[. Pecpendicular to the wall:

(CﬂY'ﬁ!\th_ﬂjﬂaminﬂ
o= vsing €41

~TL. Pavalel to the wall

6cosk = VcosRB

ye Scosa
cos8 .
Substi Ve i A ¢ .tanG'-Sc'mig-
COSAR s' <
..\ cor€ )58 {psmtand tan8x _1 M1
6sinx Gsinx tang
= 4 =4
3
i into = tanB8x _!
tan
ezLx -L - j_:i =1
3 & 34 ¢
3
ezl volue of e Al
4
() We need to consider the collision with BC
Diagram Method | - use angle &
wsing C L. Purollel to the wall velouty doesnt change
§ VSinB= weosy
L @ E-wosp  poxallel comp.
. . %
- Y 1t ‘\
enosB = weing S0
. -
) LB\ = wsinq s
T, . Ser
- RN
B Lzwing fevpendicularcomp. :;%
’0'20

L
X%

lse Pythagoras’ Theo em to get the specd, lul
- 1 2 jg
|w\-“l &;; +pam|® %’;:;:?

1 A
lwi=J(2)+(8) =

= 303 g speed w @} s
‘.‘%0
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Question 2 continued

eVvV(ionsh = wsin'g — ox 8 -Ly8-9 . w&lnﬁ_(kxpudlmlar_cmnp 81
, s 2 ‘s 5
Iw \=-\l [;r;‘*-pnm\‘
2
lwt=~[3)'¢(8) My

2308 me'  speed w A
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. A particle P, of mass 0.5kg, is moving with velocity (4i +4j)ms™' when it receives an
impulse I of magnitude 2.5 Ns.

As a result of the impulse, the direction of motion of P is deflected through an angle of 45°

Given that I =(4i + «j) Ns, find all the possible pairs of values of 4 and .

Method |
Viswakize the nitiod motion: aj

— 1 5 either (;—’\ ai  or d\\)

O-Skg

s the Chonge in momentum
for change W momentum:

We con use to get on equation:
(ar+ ) = ';(o,i - (4i+4j))
= Jz.((a-4); - 4j)
(i+p)= (&-2)1 -2

We are that  I:(i+pj)Ns  ond Tz L.5Ns
So we can use the to get an equation for p. ond
"5_= Ll
AN Ry
Now we con from (pi +py)= (&-2)i =25
= 3.2
(A
M= -2
(2-2) (-2)= 25
o'.l1a+4+4 -25:0
r 2 4 X
& -2a+X:p a’-8a+1:0
4 Y
(a-*)(a-11:p
@z, az9

So the first pair is ;:}-z:% , pe- -% w=-2 I:(.i_i—zl')Ns
2

p=-2
the second pair is p:%.z:-élt;.:-z [: (-%i-?-i)Ns

X MR 0 0 I O
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Question 3 continued

J&)an_ei’LMLiuuLmd.Ja.sx_sjjmmtru;
J

A I=R1-2;)Ns A1:L3i-25)Ns
a5 “ ¢ . 2 N
k1] ]
. : Re(lect 6n Reflect on
For thecase it turns towoxds i: x:u x:u
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Question 3 continued

Method 2-use finol momencum
Visuodize the ntios motion: angle deflected aj /2
I ) L. =
- s s
—> either glu_ ov 5\5\%
. nwm%wm oo
0-5kq ofter 4 e
L
' ' S
[mpulse s the dnange in momentum -
for change wn momentum: B

Substitute to get an equation:
—  Qi+p) =71_.l %g'\ - (4i+4))) = L(20-4)i - 1(4)j=@-2)1~2

-{or the momentum to be ai: M1
p=mv, m=_1_ a,:)i-v,v=2a.
We ave that  I:(i+pj)NS ond IT1= L.5Ns
So we can use the Pythugoras’ theoem fo Gek an equation for k. and 4 111
5. T
ER (A
. z ':_
. ﬂ +'l. Py

Substitute nour  1:

(a-2+ (-0)'= 2

a* 4a+4+ 4223
a’4q +8-25:0

ry

at4a+i:o

Py
Al 4a*- 16g + 3 :0) factorise to sdve for a
(2a. - })(2a-1)=0

azx q:i A1

Substitute gur values of a back into our = (0-2) -2 :

=3 . =(X_2\i_9, =89
a=% I- (2 J-).I g,_%% M1
o=l I: (L-21-2j==Li-2) M
12
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Question 3 continued
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4. A car of mass 600kg pulls a trailer of mass 150kg along a straight horizontal road. The
trailer is connected to the car by a light inextensible towbar, which is parallel to the
direction of motion of the car. The resistance to the motion of the trailer is modelled as
a constant force of magnitude 200N. At the instant when the speed of the car is vms™,
the resistance to the motion of the car is modelled as a force of magnitude (200 + Av) N,
where 4 is a constant.

When the engine of the car is working at a constant rate of 15kW, the car is moving at a
constant speed of 25 ms™

(a) Show that 1 =8

Later on, the car is pulling the trailer up a straight road inclined at an angle 6 to the

horizontal, where sin 6 = 5

The resistance to the motion of the trailer from non-gravitational forces is modelled as a
constant force of magnitude 200N at all times. At the instant when the speed of the car
is vims™', the resistance to the motion of the car from non-gravitational forces is modelled
as a force of magnitude (200 + 8v)N.

The engine of the car is again working at a constant rate of 15kW.

When v = 10, the towbar breaks. The trailer comes to instantaneous rest after moving a
distance d metres up the road from the point where the towbar broke.

(b) Find the acceleration of the car immediately after the towbar breaks.

(c) Use the work-energy principle to find the value of d.

(a) Mgram ; Since we ave quen that the is
-+_ ASms
i use :
- I r;;| I : =
150g 600 V=25ms':
Ne wil treat the car + traler oS 0. system: : 25
o To ge\: we will Use
| | ms
I — - = for :
v
4503
P=15kw 15 agoow . 15000=25
D= s M = 600N
25
V=25m¢’
bock into = 25. —> 600= 400+254
200=25a
A=8) hence shown
14
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Question 4 continued

Formulo. for Power-
Power (w) ~ P= Dy

Drivinsimfu)\_\leloﬂtgimi')

P= ISKkW — #1000 —> 15 000W

o D=0
6 vz |oms'
¥ 600gcos0
6009 (.inst._gpeed 15000 = 100
' —
) Substitute:
40

y
6abgcosd

1500 - x1 - +
25

1500-4-0%-280 = 6000

1220-409 = o

606

=|38-1lil g1

P 6 2 6 7 4 A 0 1 5 2 8

15

Turn over »



s

Question 4 continued

potentiok

0R:

WD b! MI&* KE| + &EE] -WD b‘j {.li(,tiﬂl\ = KEe
VIS A | "

r fina) grav. potential
+ GPEe

%im,l kinetic

potentiok cineit |
he Sustem as heok! M1
X Formuloe KE ond GPE: change in
KE=1 mu? _velodty GPE= mah — heignt
\ | — J J az
mass mass” L %:Q.Bm'%
Y
. & :
Diagram (S s Substitute: s

-280d= a1y A
/
= +280d
3 s +280)
d= 30006 d=25.2m +to 3s¢ /!
(469 +286)
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Question 4 continued

(Total for Question 4 is 12 marks)
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5. A particle P of mass 3m and a particle QO of mass 2m are moving along the same straight
line on a smooth horizontal plane. The particles are moving in opposite directions
towards each other and collide directly.

Immediately before the collision the speed of P is u# and the speed of Q is 2u.
Immediately after the collision P and Q are moving in opposite directions.

The coefficient of restitution between P and Q is e.

XK

(a) Find the range of possible values of e, justifying your answer.

Given that Q loses 75% of its kinetic energy as a result of the collision,

S
S
o
/E:
2
e
/\;m,/
s
E
9,
2

(b) find the value of e.

(a) Diagram
Before e After >
I T
3m Im 3m 2m

We con use the consevvarion of Lnear momentum to get ths.
consevvokion of Lnear momentus means: the totol momemkuwm befove the
colision s the same as the total momentum ofter,

™M1

Substitute: pay attention to the direction
3m (W) + 2nh (—2\{) = 3m ("Vp)) *2mlNQ)  concel m's
3u-4u= -3vp +2vg
—W=-3vpt €t Al

We con wuse Newton's Low of Restiturion t0 Qet an equation.
Newton's Low of Resritution stakes thak: when two objects collide, their speeds after 3
the collision depend on (1) Speeds before tae collision and (D) the mokerial from which they’ve made, =
MY §

Substitute: e(w=-(-2u)) = Vo--Vp

3ew= Vo+Vp fq2 Al

18

P 6 2 6 7 4 A 0 1 8 2 8



Question 5 continued O"o'
equations  Eqf and  €q2: K
—w==-3vp+2vg Eqf
3ews= Vo+Vp fq2
Use method to get an equation for Vg
“W=-3vp+2v,
dews= IVp+3vy )
Qeu-u= 5vq
Vg = % (e-1)

V>0 for it to mevein the correct direction.
%(‘Ie-ﬂ >0
fe-1>0
e >.'tT
Get equation for Vvp:
“W=-3upravg _
bew = ZVP‘* 1\IQ
-6eu-uz= -Svp

beutu=Svp
%(62*1)=\lp Np>0 for alle
Since e is o ,At must pe smaller than 1.

. (omplete answer:;

lcest
q
(b) We_are that : KEfinal= 23 KEjgigial
for Winetic Enevgy:
For Q:
Vinit = 2w : . )
) L - 4 - =23/
V final .%(qe 1) thzfm)( < (% 4)2 ,—,,,,(;')“7""""
m= 2m ( “_“‘;")) :}Txi?m(#u")
wl(ge-1) =

Y5 @e-n'=25 . 9e-1=5 —> Qe=4 e=%
Qe-1:= =5 Qe-4=-5

.2 -4 e:-%
ez3 Volueof e Te=-% e:-7

19
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Question 5 continued
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Question 5 continued

(Total for Question 5 is 11 marks)
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[In this question i and j are perpendicular unit vectors in a horizontal plane.]

A smooth uniform sphere 4 has mass 0.2kg and another smooth uniform sphere B, with
the same radius as 4, has mass 0.4 kg.

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

At the instant of collision, the line joining the centres of the spheres is parallel to i
: o .3
The coefficient of restitution between the spheres is =

(a) Find the velocity of 4 immediately after the collision.
(b) Find the magnitude of the impulse received by 4 in the collision.

(c) Find, to the nearest degree, the size of the angle through which the direction of
motion of 4 is deflected as a result of the collision.

(a) Di0gram es%
Before — After =+

(-4 -j)ms'

(3i+2j)ms’

A 0.2k B 0.41g A 0.2kq B 0.4kg
—>We are looking for
We con use the

Mmeons: the totod mMmomemkum
colision s the same as the total momentum

0.2(3) + 0.4(-4) = 0.2Up + 0.4y,
-1= 0.2.VA,+ 0.4-\)3
-5= VA'!'?.\'B eq1

22
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Question 6 continued

! of Resnitutrion O

Newton's Low of Restituvion stakes thak: when two objects collide, their speeds alver

o the ve\ocihj of A after:
(- !311 +2i)ms' A0

) L s \ entum
—EQ'—\“Q—M’ML‘“—MMMM nge | : (mass
Amomentyum=myv., . - my. .
+nod MCiol
velocity
0 | \ [} 0
IT=m(v-w)
My = Ol(g-(-g))\,tgkg < as positive Neve
=0 l(g-«-ﬂ
=4 nNs A
O We wil t u . Rememb ct:
ay [c¢
cos0 = g -b M1 (h)"d)=ac+bd
laix|bl
Substi tute: -4y 3
coE'{( ‘3&)(2) \- coi'/ “* \.o M
Ve <35 REMEY)
0= 118° A1
" J

23
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Question 6 continued
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7. A particle P, of mass m, is attached to one end of a light elastic spring of natural length a
and modulus of elasticity kmg.

The other end of the spring is attached to a fixed point O on a ceiling.

The point 4 is vertically below O such that O4 = 3a
1
The point B is vertically below O such that OB = 5 a
The particle is held at rest at 4, then released and first comes to instantaneous rest at the point B.

4
(a) Show that k = 3
(3)

(b) Find, in terms of g, the acceleration of P immediately after it is released from rest at 4.

3

(c) Find, in terms of g and «a, the maximum speed attained by P as it moves from 4 to B.

(6)

__our resistance) remains constant.

~ #Remember the wark-ensrdy Lormulo: (- fina) grav. potertial

ng‘". KEi-!- P -+EPE: = KE + GPG‘C*EPEF
R 2 S T Y

LA} . ki :

potentiol eloStiC potentiod

ntiol

it

0 Substitute:
;:a ? A=K = =
_ 0
1= GPE]+ EPE; = GPEG + EPE; 11

) l
h=a “‘""”"“’t-»m.g(.g.a) 4 (kmg)(a)

20 2a
- § 53] >
&myiwumd to set pr kmg(4a) _ kmo(g)_ 5 wga cancelmg's
26 4k M .5

2 g 2
int 2k-K-5
8 2
Iok-k= 20
1 :6 4 4
220 — = - =
M k——w—‘?ﬁ—K—T——Aj;
3 shown,
. J
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Question 7 continued

‘é = o r fina) grav. potential

@ - Bither. SEEW%E;iEEE;;—KiF\* (spe;»fz;msF

initiol Kinetic _initi _inifial L . astic

S potential elastic potentiol

R potentioi

\l% . o
S ePL: : modulus of elasticity
‘“{ XJWJMQ—EQM
“3?“ 2 \ 1
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Question 7 continued

(Total for Question 7 is 12 marks) SR
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