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1. Two particles P and Q have masses m and 4m respectively. The particles are at rest on a
smooth horizontal plane. Particle P is given a horizontal impulse, of magnitude 7, in the
direction PQ. Particle P then collides directly with Q. Immediately after this collision,

P is at rest and Q has speed w. The coefficient of restitution between the particles is e. (Z,
o
(a) Find 7 in terms of m and w. =~
@ =
1 =
(b) Show that e = " 3
2
(1) .
(¢) Find, in terms of m and w, the total kinetic energy lost in the collision between P and Q. h
(2) E
Diagram >
0 0 - -9 w,
® @* —'® © ® G
m 4m m m 4m
(a) We con use the Consevvakion of Lnear momentum to get this. 2
consevvokion of Lnear momentus mesms: the totod mowamkum befove the g
colision s he some as the total momentum o.fter. ;
o)
-
m
2
tuwn _
->Remember:  Tmpulte : Amomentum > "G = speed T
W
Substitute: mx}—n--k‘h\\ [0) = 4m(w) + m(0) >
N !’K"!',; = 4mw A4 £
I=4mw
(b) Consider B. and use NLR
We con wuse Newten's Low of Resritunon to Qet e.
Newton's Low of Restitunon stakes thak: when two objects collide, their speeds afier &
the collision depend on (1) Speeds Defove the collision and (2) the mokeria) fvom which they’re made. g
2
=
&
Substitute: E
e l“? b 0) = W = 0 3
W X
€z — wn
Up &
To get Up consider impulte: I= 4w, 4piw= pi(Wp-0) cancel m's E
4w - “p
::;w divide up +down by w.
hence ‘e=f shown &
2
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Question 1 continued

o) Formulo. for KE (o5t

Substitute:

AKE:= L 2.0 - _

vi-

: %m(u‘,)‘;uynuv@\‘
m@w)® L camiw)’

units for energy, Joules

(Total for Question 1 is 5 marks)

3

Turn over »

P 6 1 8 6 8 A 0 3 1 6



r

2. A car of mass 1000kg moves along a straight horizontal road.

In all circumstances, when the speed of the car is vms™!, the resistance to the motion of
the car is modelled as a force of magnitude cv? N, where c is a constant.

The maximum power that can be developed by the engine of the car is S0kW.

At the instant when the speed of the car is 72kmh ! and the engine is working at its
maximum power, the acceleration of the car is 2.25m s

(a) Convert 72kmh™! into ms™!

(b) Find the acceleration of the car at the instant when the speed of the car is 144kmh!
and the engine is working at its maximum power.

The maximum speed of the car when the engine is working at its maximum power
is V'kmh™.

(c) Find, to the nearest whole number, the value of V.

(1

(7)

C))

jh < ﬁﬂmin .. Ah= 36005 A

'
Nz (60 minx60S)

2km — %1000 232 000mh’

12 000mh = <3600 - Joms’

Wkmn = 20ms' 7!

SMIYVSIHL NI LM ION Od

SYIUY SIHENEI LM LON Od

P 6 1 8 6 8 A 0 4 1 6

V3YY SIHL NI 3L LON O



DO NOT WRITE IN THIS AREA

r

Question 2 continued

20ms'2.25ms " & ~
| — > = Tormulo. for Power-
1 D4 Power (W) ~ P-Dv
v . o ) \ il)
P: -X - - Sﬂ (N)¢ H 2¢DA|
D= DN p= 5000_3500N M4
1 ° 1 2
v = 20m
= Mo f

Dy - = 1000x% 2.26  Miad

= 2500 - 2250
.= 280
=S
¢

mnqmm vs . To gg]: D.we will use Powar
=77 40ms ams”
—’-’

Formulo for Power:-

Power (w) ~ - Dv

2.\

A .. 4 -
_10603—Dumglomﬁu)_\lel(&ltg£mn

P=50kW - x1000 - 50 000W ]

- 50000 = 46D,

. DONOT WRITE INTHIS AREA

. DONOT WRITE INTHIS AREA

D= 0N p= 5000_ 4950
[ . L 4

v = 40ms'

= 1 . L = -M§|
D,= (o0 = 4000(@) MAAA
1250 - .;'_H&DMLIOAMM
as0 = 10000
@=0.25ms" Occelevotion MAA

J
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Question 2 continued

-l
<) D V‘“““con - T ill P
wmd'CONC " az0 as speed
=5 Tunes a0 4t e Tormulo. for Power:

_;'W‘I_I_I"Dl Power (w) /?:Pv\

¥
10004 Driving force (n) ~Velocity(mi')

50000 W=D; x W —> Dgg‘i'ovt\),OO

JSQ_ZLX_._O_GS‘ the speed 1 max. . o.ccelerotion is 0
50000 _ 5w =0 A
3

50 000 :;ru

80 000 - w3

W=43.088ms"
\tiply

43.008 x 3.6 m»

= 155kmh’ & 3L
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Question 2 continued

(Total for Question 2 is 12 marks)
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3. Three particles 4, B and C are at rest on a smooth horizontal plane. The particles lie along
a straight line with B between 4 and C.

Particle B has mass 4m and particle C has mass km, where k is a positive constant.
Particle B is projected with speed u along the plane towards C and they collide directly.

) L 1
The coefficient of restitution between B and C is —

(a) Find the range of values of k for which there would be no further collisions.

®

The magnitude of the impulse on B in the collision between B and C is 3mu

V38V SIHL NI LM LON O

(b) Find the value of .
Q)
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Question 3 continued

() Diogram

0 situation. 1t one of the particles is not

nvolved in o Colision, don’t include it in

0 =
D ® ©|® ® ©
km

init'\qu;g\omb. kgumu velocity

Substitute: (only consider B and O
0
4m" + kmlai = ﬁ‘!ﬂ\lg) + kpilve)  Concel m's M4AL
4u= 4g + kve 94

M4 AA uee-kd _ Vg Speed of B after
~For mo [urther collisions to not occur, vg heeds o Not change direction, . Vy20.
ulo-k) oo @
4(k+4) *
w(l6-k) 30

Wegre 00 that K is positive

. J
9
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Question 3 continued
_&MLMMMMM_(Mﬁ

1= Amomentums= My, -m(u- i
Velocity

Substitute :

theimpules =3muz 4mlug-u) MIAL  we wil consider particte B Since we
on B acts inthe - 3pius 4pRL6-K)_) alveady have its speed {rom (a)
. _ ¢(4+) /

16-%  _

2. COMS) \ -3 _16-k _y . solve qor k
4(4+k)
J =\l6-k
R T7
44k =l6-k

2k =\

k=6 value ofk MM
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4. A small ball, of mass m, is thrown vertically upwards with speed /8gH from a point O
on a smooth horizontal floor. The ball moves towards a smooth horizontal ceiling that is
a vertical distance H above O. The coefficient of restitution between the ball and the

ceiling is !
B
In a model of the motion of the ball, it is assumed that the ball, as it moves up or down, is
. . . . 1
subject to air resistance of constant magnitude 5 mg.
Using this model,

(a) use the work-energy principle to find, in terms of g and H, the speed of the ball
immediately before it strikes the ceiling,

(b) find, in terms of g and H, the speed of the ball immediately before it strikes the floor at
O for the first time.

In a simplified model of the motion of the ball, it is assumed that the ball, as it moves up
or down, is subject to no air resistance.

Using this simplified model,

(c) explain, without any detailed calculation, why the speed of the ball, immediately before
it strikes the floor at O for the first time, would still be less than /8gH

()

C))

(1)
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Question 4 continued

(a) Dia.gram Substitute: T,
1 2 ( '
e=o CP) ] o0 - 2
- O—;V ceiling .Em(@) +mglo)-3mgx -.%IML + mgl-ll ™M1
Cwe re looking at floor work done at ceiling
H Gir resistance

B1B1 ;'-vﬂs,l'l) - ;—Mgl-l -MQH=2'-MV‘ cancel m's (Al

Q m;looréi..; 4gH-Lgn-gh= Lv?
as a reference point 4gH- §9H=3'- vt
%* reme mber: we don't consider 8qH - 3gn=v*?
the weight as an extra {orce, SgH=V?
since GPE already considers it! V= Speed at the ceiling
(-no “work done against gravity"!) Al
(b) Dia.gram ->10tfs stort by getting w. We will do this using N LR.
=1 . .
L ceiting Mulfiply the speed before (v) by e to get w.
Oty w
:r 1 = -
LS w=dy = 1I5H M

as a reference point

Method 1 -uSe work - energy principle
Rcheck above Jor an explanation and for {ormuae.
Substitute:
Lm (350 ) " mgtt -2 mgh = Z-Lmi"-\-mg'fﬁo MiA1
fmgn +ipigh =gmiz®  Cancel m

%gu = L2 Al

$9H =%‘—?‘=%JgTLmﬂSpeed beforeit hits floor (A1
Method 2 -use suvat with a=d (y+) W1

s =H Use

us %@l sw

vee 2% (3f5qn) e 2(2)en) Ak

o< -g— 2 +(SgH) + gH

x 2': Jgh —> 2= : ™) speed beforeit hits floor (A}

(c) Since € < 1, the ball lost energy due to its collision with the ceiling =1

13
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Question 4 continued
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 11 marks)

TOTAL FOR FURTHER MECHANICS 1 IS 40 MARKS
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