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. Alorry of mass 16000 kg moves along a straight horizontal road.
The lorry moves at a constant speed of 25 ms™'

In an initial model for the motion of the lorry, the resistance to the motion of the lorry is
modelled as having constant magnitude 16 000 N.

(a) Show that the engine of the lorry is working at a rate of 400 kW.
“4)

The model for the motion of the lorry along the same road is now refined so that when the
speed of the lorry along the same road is ¥ ms™', the resistance to the motion of the lorry
is modelled as having magnitude 640} newtons.

Assuming that the engine of the lorry is working at the same rate of 400 kW

(b) use the refined model to find the speed of the lorry when it is accelerating
at2.1 ms™

v: 28 ©)

<|-©

a)
“ 16000 N

l‘ODOg

= MR az0
- 16000 = 16000 (0)

P
<~ = 16000

P = 16000 ( 25)
= 400 000 w
¢ 400 kW
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P=400 kW
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. Two particles, 4 and B, of masses 2m and 3m respectively, are moving on a smooth
horizontal plane. The particles are moving in opposite directions towards each other
along the same straight line when they collide directly. Immediately before the collision
the speed of 4 is 2u and the speed of B is u. In the collision the impulse of 4 on B has
magnitude Smu.

(a) Find the coefficient of restitution between A4 and B.

€))

(b) Find the total loss in kinetic energy due to the collision.

C)

2v -u
@) e %
®
2m Im
Wy — — Vg
1=5mu
3ph (Vs - -u) = SpAun
3V T 2w
VB = "3?'1/;

conservation of momentum :
2ul2m) + (-w)(3m) = 2m (Va)t3m (Vp)

Yum - 3wm = 2m(Va) 4+ Zum
-u o 2V)
. M
Va 2
Vg - VA
T quen
)y
3N
N
e° 1

b) Initia] KE: % (2m)(2u)?+ L (3m)(n?)
s Ympu?+s mut
= -g-mu’

Final KE< £ (2m)[%)* +4 (3m)(Fu)*

+ X 2
21_\MU\+3M‘A

T 1L mu?
. - . S R S T R
10§t in XE = mjtia] KE - fina] XE= 57 M 12

: 53 2
2 v
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3. Anparticle, P, of mass m kg is projected with speed 5 ms™' down a line of greatest slope of

a rough plane. The plane is inclined to the horizontal at an angle a, where sina = 3
. . . . 1
The total resistance to the motion of P is a force of magnitude 3 mg

Use the work-energy principle to find the speed of P at the instant when it has moved
a distance 8§ m down the plane from the point of projection.

a) \ <
é( 3", SmOl < S

07
Mg J h
h ’_\_1 3 sinol“s_
hz 8Sinl

(7

gain in KE = l0$§ in PE - wd
2 B g - Fmg
- & mg
AKE:= %+ m(y2-5%)
€Y. L ¥ (v -57)
isg'g': vt -265

1
vis 25t 3g

= 87.71
vV 9.3659
294  ms!

i R 0O 0
P 6 1 8 6 9 R A 01 0 1 6



XU
o

XIS KKK
S
XK

';3%’
X5
e

25

3%

QR
RSEECS
A

i
RS
S ireded

(X0
SRR
Dasototeteses

‘\ﬁ%gc

o

IRLRRLK

o

X
XL

9%
X

%!
0K

%

o%6%%
K RKK
%%
‘3;’

9%

posets

2
ZRRRRS

050 %%
dotoses
XS
Dosose%
's%b
2ot

%
X

o%%
0%
<R
gf’

XX
3
%

e

000,
28388
DE ]

1=
003’

%%
X
pre%
Y

Doosetesetetetetotets
RS
o5 R
RS s
RS

OEANKS

Rogetesesetets
KE<IN
el
SIS

<
e

I\ %1
LS
50

X

XXX
KL
X5

5555
s
batetets

4£?”
2%
503585
&

&

OO

OO0
o
QLR
<X

55

S

$200%0%
&

2%
SRR
ZRIRRR

/ﬁ
dﬁ%y
2588
0%ee%

3%
< o
02
105

PhysicsAndMathsTutor.com

~ ™)
Question 3 continued
(Total for Question 3 is 7 marks)
\ J

11

R 0O 00 R SO0 Turn over »
P 6 1 8 6 9 R A 01 1 1 6



PhysicsAndMathsTutor.com

4. Three particles, P, Q and R, are at rest on a smooth horizontal plane. The particles lie
along a straight line with O between P and R. The particles O and R have masses m and km
respectively, where k is a constant.

Particle Q is projected towards R with speed u and the particles collide directly.
The coefficient of restitution between each pair of particles is e.

(a) Find, in terms of e, the range of values of k for which there is a second collision.

)
Given that the mass of P is km and that there is a second collision,
(b) write down, in terms of u, k and e, the speed of Q after this second collision.
" uso @
Yo B ®
Eem ™M kwm
é"" >
va Ve

second collision occurs if divection of & is revevsed (Vg > O)

consevvation of momentum :
mu+ Okm = -m (V@) + km (Vr)
u:=-VvVa+ ke —_@

law of restitution :
e(un) = Vg + VR
Vp = eu- Vg — @

sub @ > (@
u: -vg + i (ew-Vva)
= -Va + uen- wVq
Va + kVg = Ueu -u
Vo (14k) = u(ke-l)
Vaq = u{ke-—l?
(1+ &)
Vg >0 : M“&.Q“))
(1+W)
(ue-19) 70

.
wW>"e

12
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Question 4 continued
b) sirce both P and R boith have tht same mass and ave ot yvest
befove twe colision

[ VPO | P 1
e -1 [MC"I
VQ)_ = wn !4] )

cou kel ?
Vit /

%02

X
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(Total for Question 4 is 10 marks)
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