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1. [In this question, i and j are horizontal perpendicular unit vectors.]
A particle A has mass 3kg and a particle B has mass 2kg.
The particles are moving on a smooth horizontal plane when they collide directly.
diately before the collision, the velocity of 4 is (3i — j)ms ' and the velocity of
Bis (—6i + 2j)ms’
Immediately after the collision the velocity of 4 is (72i + %j) ms’'
(a) Find the total kinetic energy of the two particles before the collision.
3)
(b) Find, in terms of i and j, the impulse exerted on 4 by B in the collision.
3)
(c) Find, in terms of i and j, the velocity of B immediately after the collision.
3)
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Question 1 continued
g T =2% - O
5 (\5):1(1\-1(—6) o)
-5 9 B
S W% zTOAx 2 B x= 3/,
-5= 20 -k S b:—\h

!F = ?’/2_(_, —\126- @

(Total for Question 1 is 9 marks)
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2. Arough plane is inclined to the horizontal at an angle 6, where tanf = %

A particle P of mass m is at rest at a point on the plane.

The particle is projected up the plane with speed +/2ag

The particle moves up a line of greatest slope of the plane and comes to instantaneous
rest after moving a distance d.

The coefficient of friction between P and the plane is %

(a) Show that the magnitude of the frictional force acting on P as it moves up the plane
is dme
35
3

Air resi is d to be

Using the work-energy principle,

(b) find d in terms of a.

L (O}

Resolve pecpedivoler bo khe glope:
R“M360$9 o = Q:M3c0$9 @
= R= L
* M3 0)

= f= R = Lmy [0)
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Question 2 continued

b) Work done \’\3 frickion EP = Ep

‘I\:JS:AQ
M X 1&3 — MS dsin @ 00

Fh= Vame? + ma\n

xc)\=_\.

komg ik =
A = -
O 240

5 A =
(Lr3)=

= 4= Za 0)

(Total for Question 2 is 7 marks)
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3. Acar of mass 1000kg moves in a straight line along a horizontal road at a constant
speed of 72kmh"

«  The resistance to the motion of the car is modelled as a constant force of
magnitude 900N

The engine of the car is working at a constant rate of PkW.
Using the model,

(a) find the value of P.
3)

The car now travels in a straight line up a road which is inclined to the horizontal at an

2
angle a, where sina = —

49

+ Ina refined model, the resistance to the motion of the car from non-gravitational
forces is now modelled as a force of magnitude 20v newtons, where vms ' is the
speed of the car

At the instant when the engine of the car is working at a constant rate of 30kW and the
car is moving up the road at 10ms ', the acceleration of the car is ams ™

Using the refined model,

(b) find the value of a.
“)

Later on, when the engine of the car is again working at a constant rate of 30kW, the
car is moving up the road at a constant speed Ums '

Using the refined model,
(c) find the value of U.
O]
0 Recall bhat P =Fv
F2kah' = F2Lx V0% 3600 ms™"
AN = 20ms™! @
fower —)000P = 2.0F

5. W
5 F=
,Jresse.vofm
F -400 =0 ()
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Question 3 continued
= F=qoo
£ Sop:%o
o P=1% 0)

b) *x £ P=FV > 30,000 = FxlO
= F= 3000ms™

Resolve ?c.n-\\el b tne Slope,m F=me
F —2ov "Mas,‘,,e = M«a

3000 ~ 20(10) — 1000(4.€) x 2__ = locoo ()
L 4

2 "‘"")_vle Q)
g P=Fv = Boow =F @ Consbant

V] \[ speexk
20000 -20l) - |00y x_2 _ =0
=0 4y ~ 0

= 0000 — 20V - Loo =o ()
¥)

D 30000 - 20v* - ooy =0

S (4200 -15% =o ()
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Question 3 continued
D (V+ 39) (V- 20) =0
V4 rejeck as U0
5 U=z 30 or VU=-5%5
So U=3% ([
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4. Aparticle A of mass 2m is moving in a straight line with speed 3« on a smooth
horizontal plane. Particle 4 collides directly with a particle B of mass m which is at rest
on the plane.
The coefficient of restitution between A4 and B is e, where e > 0
(a) Show that the speed of B immediately after the collision is 2u(1 + e).
©)
After the collision, B hits a smooth fixed vertical wall which is perpendicular to the
direction of motion of B.
(b) Show that there will be a second collision between 4 and B.
3)
The coefficient of restitution between B and the wall is %
Find, in simplified form, in terms of m, v and e,
(c) the magnitude of the impulse received by B in its collision with the wall,
3)
(d) the loss in kinetic energy of B due to its col]ision with the wall.
3)
O:) ] @
2 M | ZM /Vl
U‘M‘ f\)zl’\lz\,-!ml*\rLM’L (COM)
6{3 the conservubion of Monen ko, ©
U X2M =) mVa + mig
(assoria

= 6uz -2va+ VB @ (7 positive) goes
Ti-Vi Te(V2-0))
Ve-(-va) = dve @
D 2ev=vpsva

(Impacé \u-a)

A
J legt)
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Question 4 continued
= VWA= 2euv-Ng ©
5 60= “L(Zev-Vp) +\p
D 6L= —6ey, %3V
9 6u(1+«e) =38
= 2004+e) =Yg

b)vaz 3ev - Lu(i1e) @

> vA= V(e -2)@

04e 4y = VYado D P conbinves omove bowurds
the wall. ©
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Question 4 continued
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5. Alight elastic string has natural length 2a and modulus of elasticity 2mg.
One end of the string is attached to a fixed point 4 on a horizontal ceiling.
The other end is attached to a particle P of mass m. Y bl SP“‘*

The particle P hangs in equilibrium at the point E, where 4E = 3a. \‘

The particle P is then projected vertically downwards from E with speed % J—

Air resi is d to be negligibl :A:l:’ﬁ“n mMmore Ep /, N0 {\M'

Find the elastic energy stored in the string, when P first comes to instantaneous rest. Ek
Give your answer in the form kmga, where k is a constant to be found.
(W)

We hve ko consider Ehvee

b (:'OWS 0}, eAeran.
. : Eh. = Y2 mv?
= Msk
€ N Eé = ?\_Q?_‘
- 3

(0]
Tmv? +Ma\h—\ At = Vame® 3 moh+ A2 O
20 (1T
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Question 5 continued

= x= % jeck — 3
_;: @ (reoec, "%—)
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DY I vy
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(Total for Question 5 is 7 marks)
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6. [In this question, i and j are horizontal perpendicular unit vectors.]

A particle P is moving with velocity (4i — j)ms ' on a smooth horizontal plane.
The particle collides with a smooth vertical wall and rebounds with velocity (i + 3j)ms '

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

(a) Find the value of e.
©6)

After the collision, P goes on to hit a second smooth vertical wall, which is parallel to i.
. _— . .
The coefficient of restitution between P and this second wall is 3

The angle through which the direction of motion of P has been deflected by its collision
with this second wall is a°.

(b) Find the value of @, giving your answer to the nearest whole number.

@

o) Fak bhe mpolse = AMY)
e (OREY BRIy
So the ?mpo\se s in bhe direction —3}+L¢.‘°

3202 =8 & 1 (-% *"*D@(s the ont Smpaite,
Job pwdooé impolie ant Speeck

AfPTO%\I\'ﬁ \3 ( j L«;\ 3 -n.—lq: —\_SO

Sefurabion < 3) (Bw _\5_ “3a) = ‘q;_@

Recall bwat € = \Sepurabion spee k)
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Question 6 continued

\D) The  wall s Purralle] 601, so Ehe I componest
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Figure 1
A smooth uniform sphere 4 of mass m is moving with speed U on a smooth horizontal
plane. The sphere 4 collides obliquely with a smooth uniform sphere B of mass 3m
which is at rest on the plane. The two spheres have the same radius.
Immediately before the collision, the direction of motion of 4 makes an angle «, where
0° < @ < 90°, with the line joining the centres of the spheres.
Immediately after the collision, the direction of motion of 4 is perpendicular to its
original direction, as shown in Figure 1.
The coefficient of restitution between the spheres is e.
(a) Show that the speed of B immediately after the collision is
1
; (1+e)Ucosa
©)
1
(b) Show that e > 3
)
h h < L
(c) Show that 0 < tana < \/E
®)
0*) Use Ehe  conservaGion 0L momenbom .
M [ Lcosd :-_M(’VS'-AG. +m( g\ ©
U Sind Vcosd 0
= VoS = —\Vsind *+ VB ©
Use bhe wmpuck  Jaw €= Va-v,
O.- U2
J
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Question 7 continued
(Va-Lg)e= Vg -V,
5 Uectost = Vg - (-Vsind)D horizontal comporent.
=) Vecosa= VBy Vg ha @

=) Vecosa - Vg, =N @
Sind

= Ucosa = - Vecosd + kVg

= Utosa() +e) = uVg

2 3 ycosiice) = Vg @
L

|
D) Vo= UeCosd — yuycosafi+e) sind @
Siad

= Vecosi —_:; VCosk (1 +e)

_1‘_*, ('be - \) Ucosg. Q@

Va 706“—7 _%; (2e)VtosA >0

=  De-l Yo

= ev ' ®©
>

J
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Question 7 continued
Q) See d;“‘-aﬁ-"'\

boaa = J_ ('56 'I)U(,Osi
U

Vsink
('36-\) @

= Lanld = ‘_
[
S banra < | ® as e |

S 0l bundk &L O o 0dadqo
A\
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