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A uniform solid rectangular prism has cross-section with width wem and height 24 cm. Another
uniform solid prism has cross-section in the shape of an isosceles triangle with width wem and
height ~cm. The prisms are both placed with their axes vertical on a rough horizontal plane (see
Fig. 1.1, which shows the cross-sections through the centres of mass of both solids).

hcm

() |[24em @

wcem wcm

Fig. 1.1

The plane 1s slowly tilted and both solids remain in equilibrium until the angle of inclination of the
plane reaches o, when both solids topple simultaneously.

(a) Determine the value of /. [2]
It is given that w = 12.

(b) Determine the value of . (2]
Both prisms are made from the same material and are of uniform density. The triangular prism is

now placed on top of the rectangular prism to form a composite body C such that the base of the
triangular prism coincides with the top of the rectangular prism. A cross-section of C is shown in

Fig. 1.2,
'T\

h= 26em

24cm

12cm
Fig. 1.2

(¢) Determine the height of the centre of mass of C from its base. 2]
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(o) He—\ﬁh’c 0f Yhe centye of mass fov botlh solds is same.
Height of centve. of a5 for (U = 24 = 12 cm

Meight of centve. of mass for (2 = L

L
3
|’L=b§ D> Wzllx3:=36Cm .. =36

C—

\2

-
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. - = )
Simce w= 17, ton« =

6
12
% 26.6°

=
o= ton (4L)=2¢6.56...

Sz 266

© Taking moments oloowr boase Of Compownd shospe
M(B): (D02)(24) + (24 + ‘é’h) G—i—h) = Q'Lll"\) + %63
5456 + \Yjln+ 2_[,\7" = (zgg + 6V\) 'j

h=%6 3 11232 = 5049

g - \1232 - 156
504 7

.'.HC(%\A‘T of C(entve of Mass of C = \5_1—60\/\
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The speed of propagation, ¢, of a soundwave travelling 1n air 1s given by the formula
¢ = kp®dP,

where
e p1s the air pressure,
e  is the air density

* [k 1is a dimensionless constant.
(a) Use dimensional analysis to determine the values of o and 3. [5]
During a series of experiments the speed of propagation of soundwaves travelling in air is initially
recorded as 340ms . At a later time it is found that the air pressure has increased by 1% and the

air density has fallen by 0.5%.

(b) Determine, for the later time, the speed of propagation of the soundwaves. [2]

@) p=MLT L™= UL 172
d= ML-S

C= LT "=pd

o _ oc+@ _ot-3Bf ___2
LTe ME AT > .

L =M

M a+b=0
@-x-38=1|

@-20z-1 $ w==l L
-2 2

“oacz L B:-—l

=Ll ‘ z-o¢= - | * ' —_

(by w=3u0 C= 340?“&6

p=t+ g- .o} = 340 (1- 0\) (o quS 3
d= | - 0.a45 =3472.55%...

100
X3Uu3 ms™ (3sK)

ez U3 ms”!
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3 In this question i and j are perpendicular unit vectors and ¢ 1s a positive real number.
The resultant of two forces ¢i N and —i+2+/¢jN is denoted by R N.
(a) Show that the magnitude of R is ¢+ 1. 2]
A car of mass 900 kg travels along a straight horizontal road with constant resistance to motion of
magnitude (¢ + |)N. The car passes through point A on the road with speed 6ms ', and 8 seconds

later passes through a point B on the same road.

The power developed by the car while travelling from A to B is zero. Furthermore, while travelling
between A and B, the car’s direction of motion is unchanged.

(b) Determine the range of possible values of c. [3]

The car later passes through a point C on the road. While travelling between B and C the power
developed by the car is modelled as constant and equal to 18kW. The car passes through C with

n

speed Sms~' and acceleration 3.5ms ™.
(¢) Determine the value of ¢. [3]

(d) Suggest how one of the modelling assumptions made in this question could be improved. [1]
@ R= ek + Civased) = () (202) (G
IR\ = Jeey* + (25"
=J(_‘-2L+l-\"|c |
= Jerract {-'-Haqn'-hade of R=c*|
W (as required)

c+\
(b)y T =Ft=wm(u-v)
(cx\) (8 = 200(6-V)
when v=0 & 8¢ +% = 5400
¢z S%00-8 - (qy

\-'.Occ¢.67q»
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€ P=Fv
%x10> = D(5)
-'.Driv'wxﬁ Fovce,D = 18000 - 3400
S
F=ma

3600 - (c+1) = 400 (3.9)
3599 -¢ =3(s0

c=3594-3150 = 414
J.c= 499
(d) Resistavice. could W wmodelled as uang\v&ﬁ
0L Power onld be modelled aS Not ovstounk.
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A block of mass 20kg is placed on a rough plane inclined at an angle 30° to the horizontal. The
block is pulled up the plane by a constant force acting parallel to a line of greatest slope.

The block passes through points A and B on the plane with speeds 9ms~' and 4ms ™' respectively
with B higher up the plane than A. The distance between A and B 1s xm and the coeflicient of

3
friction between the block and the plane 1s Lr—(;

Use an energy method to determine the range of possible values of x. [8]

Evergy Stat = energj ENd
Ke = -Lirvwz
GPE =gk
Fv = }AK
WD = Fd

Stavk KE = L (20)(*= 160

End KE = 1 (20)(@)" = 810
PE (nain = 7_0,3(7(5-‘“300) = Qg Since GPEIs

calculated vertically

Constant Devivg Fovee = TN

YE + WD \o\.) 'Dv'W'Mﬂ Yovee = KE + GPE + WD bvs Fwchon

J3 T
810 + Tx =160 +A%x + Y2 (209¢0530°)x V)
a4 remember
10+ Tx = |bO + A¥> + b6 '&_ that friction is
perpendicular
T -A%x —6x = 160 - &lO to the PLANE
Tx - 104x= -6So
T=0 3 —-10Ux = -6<0
-b50 .
W= = b. N 706,
ST = 625 |- % >6.25m
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h

A uniform rod AB, of mass 3m and length 24, rests with the end A on a rough horizontal surface.
A small object of mass m 1s attached to the rod at B. The rod is maintained in equilibrium at an
angle of 60° to the horizontal by a force acting at an angle of 6 to the vertical at a point C, where
the distance AC = %a. The force acting at C 1s in the same vertical plane as the rod (see Fig. 5).

Fig. S

(a) On the copy of Fig. 5 in the Printed Answer Booklet, mark all the forces acting on the rod. [2]
25mg

6(cos@+ 3sin6)

(b) Show that the magnitude of the force acting at C can be expressed as

[4]

(c¢) Given that the rod is in limiting equilibrium and the coefficient of friction between the rod and
the surface is 7, determine the value of 6. (7]

(b M(AY:
BMGA60" + 2LAMYWS60° = %;ﬂ' s (60- 0)

@)

NDVM“‘ cos (60'95: C-_O_S_Q + BS(V\O
Contact 2 2

5
xlo X0 ¥ 10 x\D

25mg = T(6c0s0 + (]2 5m0)
. 5™
L 6 ((0s8 + J35i6)

'%',MS +wmg = T%wsg"’i&si\'\g)

as required
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) F=TsinQ
R+ TeosH = 3.\,\% t M‘j >. . R= LFM%'TCOSB
F=pk

Tsn® = 1 (timg - Teos)

2.50:55(1\8 .3 s - 2.503:(.059 -\
tworiem® 1| ™Y feizne))
% _b((0s0-+§SsNT) % b(0s© + JBsinQ)

25sing = % (240050 +2452 5in® —25:036)

25500 = 2 (1483 5me - Wse)

25 5@ = \8J2s5WO *%cose

(25-1333%)s\n0 = "% 050

: -3
e -ron = L3
© 25 -1883

0= mﬂ—((O.TS = 6.922..°0 2~ 692° (3sf)
383 - 25

.9=69)
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6  Stones A and B have masses m kg and 3m kg respectively. They lie at rest on a large area of smooth
horizontal ice and may move freely over the ice. Stone A is given a horizontal impulse of magnitude
muN s towards B so that the stones collide directly. After the collision the direction of motion of A
is reversed. The coefficient of restitution between A and B is denoted by e.

(a) Find the range of possible values of e. [5]

After the collision, B subsequently collides with a vertical smooth wall perpendicular to its path
and rebounds. The coefficient of restitution between B and the wall is the same as the coefficient of
restitution between A and B.

(b) Show that A and B will collide again unless the collision between B and the wall is perfectly
elastic. [4]

(¢) Explain why modelling the collision between B and the wall as perfectly elastic is possibly
unrealistic. 1]

(d) Given that the kinetic energy lost in the first collision between A and B is %mu:, determine
the value of e. N [4]

(e¢) Given that B was 2 metres from the wall when the stones first collided, determine the distance
of the stones from the wall when they next collide. [3]

(@.) Befove: o p: my

@ (ua-ugle= Ve -

Consevvoton of Momentum® MW = - pAiVa * 3oV
.'. -\ “*SV% =\ ®

euw= vp--Vap > .. \Ip.“’\lg,’é’,u@

ﬁ\IA>O

D-3@: -Va+dh =u 7 Be-D>0
3\7,;*‘3:(3336\4 3e-1>0

-4vg = u- 3eu

Va = - 3ewn _

u(3e-1)
= ‘4("') ‘..Lé“g
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(b) BQW@ ;VG wall
Afrer:
VA=W (3e-1)

b

\
A
Nv

|
N
n

4
%

.. Wg > vp ,50 A L % will collide oaa'w\.

> KE s \ike\;, 40 ‘a2 10S+, 50 collision (manot \ae \’UEwr\sj
elastic. KE may be (onverted nto Wor ov souwd .

(A) KE lost = %-\‘MV\?‘ KE:-LZW\V‘L
stavg WE = -'zmu["
(A
End LE of A = L’ (L (3e-0)"= T (ae- e +)

End KE Of B: -—-(3m)u L——Le_*\\) 3“’““ (e_ r2e+)
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KE lost = Stavt LE - End KEOof A -Bnd KE OF B

24
x32 )(3'2- x% v3Z
%’-: - e +6€ -1 —3e* -6k -3
20 - _pe*+2
3 2
err - 4
V2 9
- la . Z2
C J; 3
ez Z
2

. - -d :é-
(e) d-St,s—_E,J; -

After ollision with wall®
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@e—?‘_{/ * \/B=-‘4-(e,+l): =
x—
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