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A car of mass 900 kg is travelling up a straight road inclined at an angle 6 to the horizontal,
: 1 : : .
where sinf = o The car is travelling at a constant speed of 14 m s™' and the resistance

to motion from non-gravitational forces has a constant magnitude of 800 N. The car
takes 10 seconds to travel from A4 to B, where 4 and B are two points on the road.

(a) Find the work done by the engine of the car as the car travels from 4 to B.

“)

When the car is at B and travelling at a speed of 14ms™! the rate of working of the engine
of the car is suddenly increased to P kW, resulting in an initial acceleration of the car
of 0.7m s2. The resistance to motion from non-gravitational forces still has a constant
magnitude of 800 N.

(b) Find the value of P.
(C))

\""¢ +

R(A): F - 300gsin0 - €00 = O
F= qoo(28)(3z) +80°

= 1152, N
distance
e time taken
duistance
4® 5

Jduistance = 140 m
eeﬂjﬂﬁ" 1152.8 X 140
2 161892
~ |g0000 T (2 SF)

Worle dlone b:j th

R(A): D- qw35i09 - €00 = q00(0F)

D= Q00(a.8)(¥g) +800 * 630

D> 1782.8 N
f= Dv
-~ 1782.8 %14

- 24a4154.2
~ 25 kW (2SF)
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2. A particle P of mass 0.7 kg is moving in a straight line on a smooth horizontal surface.
The particle P collides with a particle O of mass 1.2 kg which is at rest on the surface.
Immediately before the collision the speed of P is 6ms™. Immediately after the collision
both particles are moving in the same direction. The coefficient of restitution between the
particles is e.

(a) Show that e < 7
12

(7)
. 1
Given that e = —
4
(b) find the magnitude of the impulse exerted on Q in the collision.
3
- | G ms™
Be fore: — 8
P g
0.3 g 1.2k
AQtec; —_— _—

(= PaM (>
Clo3I) 4+ o(1.2) = 03 Vp +|.1v9
4.2=0.FVvp *‘\-7-"3

2\
En Tve X+ Gvg

\Oo [

422 Fvp 4 \2vg

NEL(-):
Vg -ve
[~

es

6e= vg-vp

@

@ = ?VP +\'1vg e 422
@*[2 = —IQ_VP A \1Vq * F2e

- 19¢% = 42-F2e
Vps = )
p= il 2e)
Both partcles move in. the same cdreckion >Np7? O
‘Lq (42-F2e) > O

42 _22e>©

~F2e D> -42

- 42
S e
F2

a9

e —
2
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Question 2 continued

\ - ?._‘_Q_ _
(b) Vp = -\—‘q-(‘\'l‘;z(a)>“ o ms-!

A
-~ &3
- 19
' ¢3 Neo = 3.32NS (3SF)
i IxTi® g B
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At time 7 seconds (# > 0) a particle P has velocity vm s, where

v = (62 + 61)i + (3 + 24)j

When 7 = 0 the particle P is at the origin . At time 7 seconds, P is at the point 4 and

v =A(i *+ j), where / is a constant.
Find

(a) the value of 7,
(b) the acceleration of P as it passes through the point 4,

(c) the distance OA.

(GeTr6E) L4 (3L 1‘173 s >“‘+>‘3‘

COrnpaﬁns '{-:
6= A
Compqr{nb 3‘_'.
T4 =)
CE b2t +2 4

3T+ Gk —24 =0
ta"‘lt -Q=0

t?4 46-26-8=0
t(Era)-2 (=0
(e-2)(t+4)= 0

. T= 2 or TRedy,

o2 U o]

— T

V4 : . -
L) o. = d¥ (\zcu.).a,'_o-c,ba ms~*

~

when t=2,
or (2(DIFE)H6(D) A

" 3o,~:+|23' ms~*

3)

3

®)

N
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Question 3 continued

<)

= [xox
= j C (eez+ée)éfc3t1+2“)j—-l e

ot gery o (3 24!:)‘ % €.
(5 * & Mg o

(2,:3,_3(;1) £ + (t3+24t)3— + C

n

when =90,

%@ =0
C:O 5
’ 3240 A
L ae3a3tD L+
z= y
when 272, : 3 4 24(2)
('z(lz)’ YD PRl Gy o
n =

= 18£+§63-- o

62.60%2
on| - (e - 38 -

. 6’2_6 m (.% SF)
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0 (4kg)

Figure 1

Two particles P and Q, of mass 2kg and 4 kg respectively, are connected by a light
inextensible string. Initially 7 is held at rest at the point 4 on a rough fixed plane inclined

. . 3 .
at a to the horizontal ground, where sina = ) The string passes over a small smooth

pulley fixed at the top of the plane. The particle () hangs freely below the pulley and
2.5 m above the ground, as shown in Figure 1. The part of the string from P to the pulley
lies along a line of greatest slope of the plane. The system is released from rest with the
string taut. At the instant when Q hits the ground, P is at the point B on the plane. The

. . .1
coefficient of friction between P and the plane is )

(a) Find the work done against friction as ” moves from 4 to B.

(b) Find the total potential energy lost by the system as P moves from 4 to B.

(c) Find, using the work-energy principle, the speed of P as it passes through B.

(a) R(x): R=2qcoset
&

= %o
R?;N

F=pR

- J;xSQ

5
F = N

o] §

Worie done ogcu'ncf Action = %,‘ 2.5

3
A8 J

/]

“)

&)

(C))

N
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Question 4 continued

(L) PE lost by @ = 4g(2.5)
= log I
PE aou‘ncd b:) Pe Qs(z_g, sln-L)
= 29x éx (—;' )
= 33
PE lost bw tha system « PE lost by @ - PE gaincol buy P
= |°5-35
- 7-9
= 68.6 J
At +he point whenr Q hits the Svound._, P anot q Avrovel ot Yhe same speed
1 o
KEP = 3 (9-) v
=v?
KEg = 1 )V’

= 2vz

.
KE anim.a l:vihc system = 2Vt avie 3v

E 1osr buy Ahe supstem = Werk done o-syminst Gickion - KE gpineat by the. Spstem
-7'3: o+ 3v*

63 = 3v™

’23 =v>

e )‘_(,e) = 4.42F1%... © 4.43 ms? (3SFE)
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Figure 2
The uniform lamina ABCDEF, shown in Figure 2, consists of two identical rectangles with
sides of length a and 3a. The mass of the lamina is M. A particle of mass kM is attached
to the lamina at £. The lamina, with the attached particle, is freely suspended from 4 and
hangs in equilibrium with AF" at an angle 0 to the downward vertical.
Given that tan 0 = %, find the value of £.
(10)
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Question 5 continued
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e o e A DI
let mass [a Distonce of & /2.
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A 8 3,_1".‘ | &/2
Dc \ 3%
- P | 3atm /
% - 3
L el i
sa, 2
— a 4 3a M¢ed 23° 2 =
H(F): 2% = 2 2 —_ 3o
2a 20z
x = O
. 3a 5 alt E
- a2 % D
c oM of the lamina. is (‘M > > S, T— o€ Com Prom €€
Mass Ko L AV
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L % 3e ©
@ s -
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4a-9, g —EE—
J 4o - 3o
2(en)
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Question 5 continued
‘ton © = 24+ 6l
et G
“a 2+ 6k
+ Sketb
32k + 20 = 14+ Qe
6= 10k
@
k=1
° k 3
= ===
o o 5
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Figure 3
A uniform rod AB, of mass 3m and length 2a, is freely hinged at 4 to a fixed point on
horizontal ground. A particle of mass m is attached to the rod at the end B. The system
is held in equilibrium by a force F acting at the point C, where AC = b. The rod makes
an acute angle € with the ground, as shown in Figure 3. The line of action of F is
perpendicular to the rod and in the same vertical plane as the rod.
. .5
(a) Show that the magnitude of F is MED 050
(C))
The force exerted on the rod by the hinge at A is R, which acts upwards at an angle ¢
above the horizontal, where ¢ > 6.
(b) Find
(i) the component of R parallel to the rod, in terms of m, g and 6,
(i1) the component of R perpendicular to the rod, in terms of a, b, m, g and 6.
)
(c) Hence, or otherwise, find the range of possible values of b, giving your answer in
terms of a.
(09
(] M
a) O A .
= 3qm3c.osO + M(mswse>
bE= Samocos
oo B ‘;LM ws O
| =3
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(b)yRr(~): % =3ma3in® - mosing =0
K= ‘i-msslne

Y= 4m5¢ose -F

= “Ameycos® — Samg

cos
= (=)

= “4bmacos® — Samocos®
b
=~ ™Macos® ( Ab-Bo~
s C e )

R

Cc)
W A
'\%

© gse
S2(B-0) >0 &

tan(& -6)7 O

b% 2a ['.' b cannot be \msex 4han the md}

’ S4¢h £2a
Py
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Figure 4

At time 7 = 0, a particle P of mass 0.7 kg is projected with speed # m s™! from a fixed
point O at an angle 0° to the horizontal. The particle moves freely under gravity. At time
t = 2 seconds, P passes through the point 4 with speed 6 m s™! and is moving downwards

at 45° to the horizontal, as shown in Figure 4.
Find

(a) the value of 6,
(b) the kinetic energy of P as it reaches the highest point of its path.

For an interval of 7 seconds, the speed, vm s!, of P is such that v < 6
(¢) Find the value of 7.

(e Hori2ontax ve_lodhj is congtant {=> UCO0sO = Gcosyn®

Gcos4n"”
Cos®

R(’T)' S= v Wt ok

w= usin®
’ ~Gsings® e usin® —g(2)
v= ~6sin45

- —~Gsin4B®s (o545’ P
= 2 cos® xs\ne) >
t=2 ‘

Q3~ Gsin4T ‘2 Gcos45® +on®
Loy~ Gsings®

+an® 2
Geosas”®
ze_c,cinlﬁs’)
- arcta
O oF "( Goos 45

© = 74.5565495.°
. O 34.6° (3SF)

(6)

&)

®)

-
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Question 7 continued

—--é

o vcosO”

(b) At the kighest point, +he only componenkt of velocity aeting s the hori2ontad

component.

40 W
KE o& I’u‘shcsi' point = "\i"“"" = J_;._(o_q.)('ccos s

= 035 (12)
= 6.3 J
' o\
+ or YV 2
6cos45’ Gecos4’s’ | = Vy™

Vy = 2 A1g = 2342 me-

When the bowt moves ok 6 ms™ for the first time,
e

R(T): S=

we= usin
ve 342

a=-q ms=?

© - 15.35%35131...

t=?

\,:uf-a»C

342 =(15.35%...) —9 €

t=1134154162... s

S
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Question 7 continued

When the baut moves at Gms' GBr the seconcl Eme,

R(™): s=
w=15.35335q9

v=-343

~342 =(15.35%...) ~ jt

E=2s

T= 2 - 1.134...
= 0.965845..,

2. T= 0.866 s (3SF)

(Total 14 marks)
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