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A car of mass 900 kg is travelling up a straight road inclined at an angle 0 to the horizontal,

; 1 . ; ?
where sinf) = Ty 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 A 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.

C))

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 s 2 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=- QO03sine -%00 =0
F= qoo(38)(3z) +800°

= 52.8 N
clistanceé
Spaness time taken
cuistance
R e

duistance = 40 m
e%;ﬁ“ﬂ’ 1152.8 % 140
= 161892
~ |go000 J (2. SF)

Worle clone b-_.j th

R(A): D~ qoossine - 00 = q00(03)
D= 200(a.€)( %s?) +800 + 630
D- 1782.8 N
f= Dv
- |1782.8 % 4

= 24154.2
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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)
. 1
Given that e = —
4

(b) find the magnitude of the impulse exerted on Q in the collision.
3)

AQ’Qf-' e —_—

9 gam taiss
Co3F) 4+ o(12) = 0V +l.2vg
4.2=0.3vp +l2vg
21

— = Vv 6
g = ]
3

‘*2 = q‘V‘, + V‘J-Vq

NEL(=):
Vg -vp

G
Gez= vg-vp @

@ =D Fvp +\2vg = 42
@) w12 -12vp 4 2vg = F2e

a=

(Sl 19¢ = 42-32e
! _
Vs sl 32e)
Both parkcles move in. the same duireckion (-z)‘Vp‘?O
L (42-32e) > O
19
49 -F2e? o
~F2e>-42
- 42
sy —

FL

e { —
2
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Question 2 continued

(b)
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3. Attime 7 seconds (¢ > 0) a particle P has velocity vims!, where
v = (68 + 61)i + 3£ + 24)j g
=
When 7 = 0 the particle P is at the origin O. At time 7" seconds, P is at the point A and =
v =A(i + j), where 4 is a constant. =
=
=
Find m
=
_.‘
(a) the value of 7, T
w
3) "
&
(b) the acceleration of P as it passes through the point A, >
3
(c) the distance OA.
(S))
(o) At TS,
« o
y=A (2~ A ) o
' =z
' LA
(CE‘Q-Gb):_j A ('3&."‘*1‘1)3. = M j' g
g.
Comp adns : : ;
GEXy g e A i :
’ o
C.OM arin B E
poetai, % 2
B4 =) =
»
R L WA TRl S A :
324+ ek —24 =0
tﬂ. +2E - g: (o]
t*4 4-26-8=9
t(Era)-2 ()=
(e-2)(E+4)= 0 g
. =
s Te 2 dor Toaly, S
 Te2 U7 £ 320 s
.—{
m
/ : . - Z
L) o = 3F . (aer0)grgey msT 3
ol _mI_
when t=2, E
oe (VZ(AIFG)r 6(1)3« 5
~
v o goﬁ.‘_+|7.j ms~*
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Question 3 continued

D x= (yer

= 5 C (:.t:%ét:)é*('%b"*'z“')j-_-‘ -

otd | et . 3e3 th:)‘ %
B R

('21:31-352) < + (t'-”a-?.qt)é. + C

n

when =9,

x=0
C =0 »
; 342480 A
. (ae33tD £ (8
z= ¢ |
a2l
o l(: c;)s @)t (@72 @3
K = 2

= 18;_‘_-»5'{-5. m

= 62.60%4
-IOAI=W ~ 285

 mor.6m (3SF)
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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 P is held at rest at the point 4 on a rough fixed plane inclined

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

pulley fixed at the top of the plane. The particle O 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

g i i i o
coefficient of friction between P and the plane is T

(a) Find the work done against friction as P moves from 4 to B.
(b) Find the total potential energy lost by the system as ” moves from 4 to 5.

(c) Find, using the work-energy principle, the speed of P as it passes through 5.
(a) R(A): R =2qcoset
R= %3

®

—
s
N

Worle done o-:}ou'm:i- fAction = .:'-_;2,‘ 2.C

=
Q8 J

@

3
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Question 4 continued

(b) PE lost by ® = 4g(2.5)
= los J
PE oyeuned 53 Pe aﬁ(_:.g;. sinel )
=2% 2x (3)
= 34
PE lost by tha system « PE lost by, Q - PE opinco buy P
= 198 =3a

Ea
= ¢8.6 T

At the point whenr Q hits the 5vound., P anat cg 4ravel ot the sSame speed
KEP = EI(QJ Vz
=v?
L¢a)v’
KEg = 4 ¢
= 2v1

e 3":"
IKE gained by the system = 2V52Y

PE 1os+ b‘j the g:)-;l-em x Woerk olone msm'nsl— hetsion + KE %MDL I,DHQ Sugtem
?3 2 5 4+ 3\{1
63 =3v*

2q =v™
G @ = 4.4271%... = 4.43 mst (3SF)
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5. 5
A B
3a
__________ ¢ D
a
F 3a E
Figure 2
The uniform lamina ABCDEF, shown in Figure 2, consists of two identical rectangles with
sides of length « and 3a. The mass of the lamina is M. A particle of mass kM is attached
to the lamina at 2. The lamina, with the attached particle, is freely suspended from 4 and
hangs in equilibrium with A/ at an angle 6 to the downward vertical.
Given that tan 0 = %, find the value of k.
(10)
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Question 5 continued
5. A
€
P — L.l
aF/
joemessfor= 5T | e of ST /s
chape | Mas | Mass retio 72
Anﬂ 3,_1.-“ ! qyz
RS 1 *%
=3° | 3 /
3 £ — 3
2x
L || *
sa, 2
o a . 3a My 25= 2 2
H(F): 2‘x-= z 2 — 3o
3= 3
=2a
x=o-
coM of +he lamina. is (ﬂ-: 3%) .
Mass ratios
A 8 Sh”e Mass 7
™
L e
@ k™
[b (l'!-k-) M e+l
= . 3% .5
ot 1 P Moy : (k#) 2z ar 3ok M G iUl T
CF :
4 . = o (143W) 2a
- e
F x o (1+3%) el 2 (\‘1-1)
-4 p——
\ e+t
Zy
+an® = 4a-5
a=4%
) a(1+3k)
daB: P i
4o - 22
2(en)
x
n!nah)
- +1
T gaka) 3o
2(ks+1)
& (1+3k) 207
T T et A (Skr8-3)
3 J
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Question S continued an
Yon © = 24 6\
Glet G
4 _ 2t Gl
L Sk t5
32k + 20 = (&4 A
6= 10k
&
k=1
ke 3
= ===
- o 5
s
(Total 10 marks)
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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 (', 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.
(a) Show that the magnitude of F is Sge cosf
C))
The force exerted on the rod by the hinge at 4 is R, which acts upwards at an angle ¢
above the horizontal, where ¢» > 0.
(b) Find
(i) the component of R parallel to the rod, in terms of m, g and 0,
(i1) the component of R perpendicular to the rod, in terms of @, b, m, g and 0.
5)
(c) Hence, or otherwise, find the range of possible values of b, giving your answer in
terms of a.
2)
(o) M
) O © bF .
= 3qm3cosb + zo_(msmse)
bF: g amoycos 8
. F= Camg o
L=
20
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(B)(JK}R.(?\): X =3masin® - mosind =0
K= ‘hnsslna
e R(x): Ya+g- 3meycos® —meycos® = 0
Y= l{-m.se.nae -F
= ‘\mam@ — Samg —
= 4bmacosd® — Samoeos®
b
-~ m O ( 4b-So.
= ™3cesd ( Ab-3e)
() ®
Y\éé%
(=] a > 6
>2(@B-9) >0 &=
+m(¢_a ) > +an O
+an(¢ -8)7 O
Y
2 (@)
= P4
4b -5o. )
0!3995'9 ( s
v (@]
5 oprS) coeS
—
4b ~Ea P 0
4b > 5
by 22
b< 2o [ b canneh be lamer+han he rod |
r, S8¢hb £2e
m Q6
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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. Attime
= 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 0,
(b) the kinetic energy of P as it reaches the highest point of its path.

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

(e Horizontat vc.loc.il-\_.s is congtant {=> UCOSO = GcosyG®

Gcos45"”
Cos®

we

R(T): s= v= w4 ek

w= usin®
P ~Gsings® e Uusin® —g9(2)
v= ~&Sin45b

- —Gsin4B®% s (0cos4T’ -3
- 2 cos® “sina) >
t=2

QS“ Gsin4T *2 Ccos45° +on®O
2oy~ bsings®

+an® =z
Geosat®
~6SIin45’
© = arctan ( 5 : )
Geos 45"

© = 74.556595..°
0% 34.6° (3SF)

(6)

3)

O)
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Question 7 continued

'
N

i
gms2 * Gsinan® Gmg

o ——
o vcosO®

(b) At t+he k-fshc'.;'l- point, +the onl3 componenkt °p velocity m“‘s Is the horonted
component..

KE ox highest point = $rvs = $B( Geos45® )™
= 0.35 (l%)
= 6.3 J
3 A
= }/J\ % ! N c2 =W+ (Gers4as )
or )f\" ) 2
..._}..J.. L_>_ 36 _YY +18
6cos45’ Gcos4b’ I1? = UY'I-

Vy = + 18 = 1342 me™

wh the bott moves at 6 ms {or +he grst time,
en

R(T): S=

we= usin
ve 342

a= -3 mes=2

© - 15.35935131...

t=?

v-_._ufa-o(:

342 = (15.35%...) =9t

E=1134154162... s
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Question 7 continued

When the bat moves at Gms (r the secondt Eme,

R(T): s=
w=15.35335q

v= =342

Vl_—_ (&‘\'Gb

~-342 =(15.35%...) ~ St

E=2s

T= 2~ 1184
= 0.965845..,

2. T= 0.866 s (3SF)
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