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1. 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 p
modelled as having constant magnitude 16000 N. 9|
=
(a) Show that the engine of the lorry is working at a rate of 400 kW. =
) m
Z
The model for the motion of the lorry along the same road is now refined so that when the o
speed of the lorry along the same road is ¥ ms, the resistance to the motion of the lorry 5
is modelled as having magnitude 640 newtons. ;
2L
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™
(6)
(a) Diagram ., we are told it moves with -~ use M1
= . A1 &
1 i I To 96\7 Power we will use 1n the power g
()
16000 for =
J =
=
oer|
m
) =z
P=p Substi tute: P=16000x25 M1 o
D=5 = 16 000N P= 400 000W — <1000 — 400kW  Shawn A1 2
V= 25ms' o
(b) Diagram Since it's acelevating use
22.lms
v, estimi - = 16000¢2.1) M1
I .
- To get D we will use Pouor.
160009 for

o
o
<
S
P= 400kW — x1000—5 400000 W | Substitute: 400000 = Dv =
D= 400 000 =D M4 =
v:=V / Su\ést—'\{-ute his E
400 000 - = 16000¢2.1) Al =
\') 2 &
0= 640V °+ 33600V - 400 006 (11 o
m
>

A 0=2V%105v-1250 )mcmize
0= (2v+25)(V-10)

Reject V=~ v =10 (Gpeed is 10m§' A
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Question 1 continued
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Question 1 continued
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Question 1 continued
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(Total for Question 1 is 10 marks)
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2. Two particles, A 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 CZ.
magnitude Smu. 9|
(a) Find the coefficient of restitution between A4 and B. :Eu
) =
m
(b) Find the total loss in kinetic energy due to the collision. E'
“4) L
) 7
(0> Diogram E
Before A(ter >
impulse
2w "/ (meu
=2 — — =, I=5mu
® ® -
2m Im 2m 3m
,
e o
=
. . o
[mpulse 18 the Chonge in momentum =
for ¢hange n momentum: &
m
=z
-
T
Substitute - T=3m(Vg - (-W) = S W1 »
3pa(Vg+ u)=Seun =
3\,5"' 3u=5u
= 2u - ! A"
We com wuse the consevvokion of Lnear momentum to get Vg [MI
consevvokion of Unear momentum means: the totol momemkuwm befove the
colision s the same as the total momentum ofter. &
o
<
Q
—|
Substitute : 2ri(2u) + 3 0h(-w) = 2m(Vp) + 3vhlvg) §
4u-3uz 2y +3 (30 A m
W = 2Vp+ 20 E
. . o
=Wz 2V the - Sign also $houws A change direction v
S o =
Vp == M omg' A =
2 >

P 6 1 8 6 9 R A0 6 1 6
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Question 2 continued
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Question 2 continued
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(Total for Question 2 is 13 marks)
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3. Anparticle, P, of mass m kg is projected with speed 5 ms™' down a line of greatest slope of

. G : . 3
a rough plane. The plane is inclined to the horizontal at an angle o, where sino = =

. . . : 1
The total resistance to the motion of P is a force of magnitude s 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.

[
OR “}’D + ) p + h— - E|r_ + (&pEr
MM e g ML—
potential  this Sinceit |
X : ' GPE chonqe
- 1 z = - “\ ! !
2 l . =
mass ™YMOSS 0:=%.8ms
Diagmm 5%'3.
A X
u&'[e_*lﬁglfinggnr"/ Q@ Substitute:
Q A A R | )'L* _ - -.‘ 2 o
height 2 9 2
ML To set h-
) sino=3  sinx=0:h
PE-0 p h S H D
% We need toset. GPE / 1 . :; m% D
0. vefevence pont sub. b oack:
25 29\ _ 8« [Lniq)=Lrhv * ‘
2 /2
2125 + 24 -8 a\=V
\2 "5 37%)) .
-pluq i 25 L 16q\=V
‘calculator 2 /

Vz=93FIms' 1o 3sf

10
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Question 3 continued
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(Total for Question 3 is 7 marks)
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4. Three particles, P, O 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.
(1
() Diagra
_o% m + e .o
Before = After 15t collision L5
0 M 0 0 da ALY
km m km km m km

— (onsidering the first coflision:

We con use the consevvokion of Lnear momentus to get an equation. 1
consevvakion of Lnear momentum means: the totod momamkum befove the
colision s khe same as the total momentum after,

Substitute:
m(w) + kmio) = m(-vg) +kmlVp)
rhw = — oiNgq + Krnlg cancel m's
W= -\g+kVp €41 M
We con wuse Newton's Low of Restnituvrion to get an equation. (U4
Newton's Low of Restituron stokes thax: when two objects collide, their speeds afier

the collision depend on (1) Speeds befove the collision and (2)the mokerial {fom which they’re made.

Substituke:
e(w-6)= g - (-Vg)
ew: Vp+ Vg €a2l Al

P 6 1 8 6 9 R A 01 2 1 6
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DONOTWRITE IN THIS AREA DO NOT WRITE IN THIS AREA

DONOTWRITE IN-THIS AREA

Question 4 continued
Simuitangously sdve  €ql and Eql: DA
Wz -\Nq+kVg — \Ng+Ww=Vo
W= Vp+ Vg  «substitue
eu=Yart 4+ vy

keu= VQK'\-U." k\VQ

keu-wuz (1+klvg
1+k

We wont Ng>0 {for the second coliision to 6ccur (for Vg to change direction)

Nq 20 1
wike-V)5,p My
(4+k)
u(ke-1>0
ke-1>0
AY k>3 Range of valuesof &
(b) Diagram
After 1st collision — After 2nd collision Chan
0 da ALY Xe  Wa (& <ive direction
SNOMOCEMEONCY ..

The collision S bas'\(d\\j Ahe same as that between Q and R.

. = (ke-d -
We see that: VQ U.QX _fk*‘l) (uo \A)
-.we can deduce that; Wo< Vg x (ke-t)
(k+1)
wq= Ake-1) < (ke-1)
K+ (k+1)
'}
Bl Wes Wlke- 1) speed Q after 2™ callision
(k+1)?

13
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Question 4 continued
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Question 4 continued
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(Total for Question 4 is 10 marks)

TOTAL FOR FURTHER MECHANICS 1 IS 40 MARKS
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