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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.

(a) Find 7 in terms of m and w.

2)
(b) Show that e = i

(1)
(c¢) Find, in terms of m and w, the total kinetic energy lost in the collision between P and Q.

2)

a) draw duo\gmm § identify directions

O.=>Z ®

V=0 B

V=R
IMpu\lse Ft = Ap = T=my, (- particles were at rest)

=L=p,-k

conservation of linear momentum : mx & - = mw

=T=4mw

=

|Ve: - Vaul |(%)| bw q_

¢) KE loss =8KE = 'Em('l—w)’—-'i(q-mlw‘

= lomw* — '-lﬂ"
2 2

) e= lVPL val "wl = W = __'_

= bmw?*
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(Total for Question 1 is 5 marks)
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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 ¢ 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 2.25ms™

(a) Convert 72kmh! into ms!

(1

(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.

(7

The maximum speed of the car when the engine is working at its maximum power
is Vkmh™',

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

4
0) P2kmh' x 25 =20 ms

bb) ‘\;L_» N Power = force x Ve\ou”g
—VE"CVI= 'Fnd_- ma = |OOOQ

we know P=50000W & {hat when V=32 kmh™', a=2-25ms™2
=5 50000 - cx20"=|000x2-25

?-7_kmh"}'o —> 2500 - 2250 4LDO0C

=20 Mg . C=250=95

WS/

now V=44 kmh™ Hhis is 2xF72kmh™" S0 know 144 kmh™ =)_l:é_0ms*
= kO ms
/

50000 _ 5. (2
= 5 $x‘|—0_ (0000
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Question 2 continued

~ 250 =(000aq
0= 0 25ms™*
—

) Mox. \le\ocﬂyj%m 0 (W-q=0)
let W= Max- V: dt
50000- 5 wW?*-

Y
xW: soooo-%wg-- o)
x5 : 40000 = W"
> W=43089 ms-

13089 x 2920 = 155 kmh" (34£)
1000
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(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.
The coefficient of restitution between B and C is 1
A
(a) Find the range of values of k& for which there would be no further collisions.
(8)
The magnitude of the impulse on B in the collision between B and C is 3mu
(b) Find the value of .
—>1Ve (4)
Bmoy _~7
move o the C
Yol we aren't told B comes to rest

cohservation of linear momentum :
bmw = Umvg + kmv,
Newhn's Law of Restitubion:

lv& A ’9-’-"\/ “Vg Q-l:u 'Vg-l-’\/

solve for Vg : W=l + RV,
LW = g + k('ffunfg)
bU=1bVyt R+l RV,
u((b—mws((bwk)

b +Y4k LHk-l- &)
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Question 3 continued

<o that B doesnt collide with A, we need it 1o mive to the vight,
e Vp 20
b

O=ulb-k)
b ()

O< UW(lb=k)

U< [bU
k< 1b
A We are old k>0 .. 0<ls|b

b) Impulse = & mimentum = Amv

impulse on B => jn -ve direction

~=3MU=bem (V- W)
W
O0g
-3MU= v, - bmu

U= bV = Th=-Tu+V, DIU=V,
Impulse on C: MU= RMv,
3(2v )= kY,
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4. A small ball, of mass m, 1s 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 0. The coefficient of restitution between the ball and the

ceiling is l
T2
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.

(3

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

(1)

Q) Ny
@, work = Force x distance
) ™)

S0 work done ogainst air resistance = 3myH

Speed @ X:0 iS{6gH, let speed @ ceiling be v, so change

in KE = ém(ﬁgﬂ-vl)

Work.- energy principal Work = aE
ZmgH=3m($gH-v>)-mgH
39H=tgH -2V -oH

v'=S gH

2 2
>3 \{=I§3ﬂ
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Question 4 continued

b) Newfon's Law of Restitution: @= IV,-V,| = Vfpuy =

qu“l' S-S—Q-H 2
2
= Vbqll: ?Egﬁ ‘ Speed before rebound
work-energy principle: | SUVAT:
7_m5H M3H-—M(V Eﬂ:} ) a=g--7':3 ---'ig
£ i L_
o\\:::imb:@’:/ VEz U+ 285
SH--V"--F-’—SH =_.ﬂi'| +oH
1 oH= V"
my - gH
i _s_YeT
2

c) the coefficient of restitwtion e is <I, <o the ball
loses energy in the collision & o cannot regain it

former Speed
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Question 4 continued

(Total for Question 4 is 11 marks)

TOTAL FOR FURTHER MECHANICS 1 1S 40 MARKS
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