1(a)

A train accelerates uniformly from rest to a speed v m/s. It continues at this constant
speed for a period of time and then decelerates uniformly to rest. If the average speed

Swi _ 1 : .
for the whole journey is —62 , find what fraction of the whole distance is described at

constant speed.
v
1 I
| 1
I I
I |
| I
| I 5
t1 t2 TS
distance = (34, +1,+LL)v 5
distance
Averagespeed = ——
lime
= (%t1 +1,+ ;—%)v 5

6 L+t +1,

sh+n+L)=1

ty Foin 2

fraction = - -
(3 L+t + ?Is)v

_%(11+l2+13)_ < 10
2t +t,+1) 5
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1 (b) Car A, moving with uniform acceleration o m/s” passes a point p with speed 9u.

: . 2D
m/s. Three seconds later Car B, moving with uniform acceleration s m/s” passes the

same point with speed 5u. m/s. B overtakes A when their speeds are 6.5 m/s and 5.4
m/s respectively.

Find () the value ofu and the value ofb
(11) the distance travelled from p until overtaking occurs.

() CarA (54) =8Iu* +?i%5_ 10

CarB (657 =25u* + % 10

291.6 =810u” +3bs
380.25 = 225u* + 4bs

= = 0.1lmls
Car A S.4=O.9+E
20

2b(t -3)

CarB 65=05+

=b=1 (and t=30)

@) CarA 291.6 =810(0.1)* +3(1)s

= s = 945m 5

25
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2(a) Thedriver of a speedboat travelling in a straight line at 20 m/s wishes to intercept a
yacht travelling at 5 m/s in a direction 40° East of North. Intially the speedboat is
positioned 5 km South-East of the yacht. Find

(1) the direction of the speedboat if it intercepts the yacht

(i1) how long the journey takes.

Diagram or 10
vector approach
S
For interception to occur V. must be in the direction sy £
sin _ sin95
5 20
o =14.42° 5]

| . directionis W 5942° N

V20

sin70.8° sin95°

V., = 1893 m/s

ay

time = Bl = 264.13s 3

sy




(795  2¢)

2 (b) A man wishes to row a boat across a river to reach a point on the opposite bank that
is 25 m downstream from his starting point. The man can row the boat at 3.2 m/s in
still water. The river is 45 m wide and flows uniformly at 3.6 m/s.
Find

(1) the two pdssible directions in which the man could steer the boat

(in) the respective crossing times.

45
45
25
B
25
Diagram or
relative velocity |
equation
v
45
anf=— = B=6095° 5
== B
sinae _ sin60.95
3.6 32
et o = 7955 o 10045°
= ¢ = 395 or 186° _ =
: 45
time, = ————— = 2218
3.25in39.5°
ti - 44.1 5
£ = T = :
s 3.25in18.6° 4
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3(a) A football is kicked from a spot on level ground with a velocity of Jgg m/s and

strikes a vertical wall 4 m away at a point 2 m above the ground. Find the two possible
angles of projection.

23

‘ I = (B8 cosan)i + (fBgsinar - Lgi*)j 5
L = 4 or Be cosar = 4 .
A :
r = 2 or Bgsinar - Lg* = 2 5
S T e
-4tana - (1 + an’a) = 2
tanr - 4dtano + 3 = 0
tangx = 1 or tanege = 3 5
oL ¥ :
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3 (b) A particle is projected down a slope which is inclined at 45° to the horizontal. The

particle is projected from a point on the slope and has an initial velocity of 72 m/s at
an angle o to the inclined plane.

Find the value of ¢ if

(1) the particle first hits the slope after 2 seconds

(i) the landing angle with the slope is tan ™ (3)

F o= Od2cosout + LgsinaS)i & (Tdlsinout - Lgeos a5y \

Vo= (7J2cosce + gsind51) i + (7-2sina - geosd5.t) ]

Particle bits plane = 5 =D = 45 = 14+/2sinc 5
- 45 e
gcos
T 28sin¢ :
8
sinog = = or a = 4443° 5
14
B Mo N BRI Ll
i—.\i),'; 1g ang Vi 5
—g—t - 72 sinx
l == Jz
3 g
T2 cos o + —=1
o
IR Q1 Qi
72 cosar + —-g—HSSH]Q = _3_5_«‘8811’](1 - 212 sinc
2 4 2 g
5
[ tange = 1 or T A5 5

{S J _/‘/ip(/f"',-"/“ﬁ #o 2 Lorl -év‘s el

i

Ll Cos C # 2 G $0 Flesin & — (.2 L 4o

=> Cos < = S5 SX

=2 Cen oc

i
=

—

=2 X T e



4(a)

Blocks A and B, of mass 15 kg and 25 kg, respectively, are connected by a light,
inextensible string as shown in the diagram. The coefficients of friction are 0.4 for

block A and 0.2 for block B. The blocks move down the plane which is inclined at 30°

to the horizontal. Find
(1) the acceleration of block B

(i1) the tension in the string.

10

BlockA R, = 15gcos30° = 152‘5 or 127306
T + 15gsin30° - 0.4[15%2‘/5} = 15 eq (1) 5

BlockB R = 25gc0os30° = 25§J§ or 212.176
25gsin3° - T - 0'2[25?5} = 25 eq (2) 5

Add equations (1) and (2) = 20g - lli‘ﬁ = 40a
LGCERE yase ey Vg 0 A0Buedla g 5

80

From equation (1) T = 152.566) + 0.4(127306) - 73.5

= T = 159N or 151g(;/3' .

30
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4 (b) The two blocks shown in the diagram
are at rest on a horizontal surface when
a force P is applied to block B. Blocks

A and B have masses 20 kg and 35 kg, A

respectively. The coefficient of friction
between the two blocks is 0.35 and the
coefficient of friction between the B

horizontal surface and block B 1s 0.3.

Determine the maximum force P, before A slips on B.

A P
0.3'5N B =
0.3R,
20g
35g
frictional force
Block A vert. M= e
horiz Force = mass x acceleration

0.35(20g) = 20a
= a = 35
Block B vert. R = N + 35
horiz Force = mass X acceleration

P - 035N) - 03(R) = 35a
P - 035(20g) - 03(20g + 35g) = 35(0.35g)

= P = 3575 “or 35035 N
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5(a) Twosmooth spheres A and B have masses m, and m, , respectively. They are
moving towards each other along the same horizontal line each with speed 2u. After
collision both spheres reverse their original directions of motion and A now travels with
speed u.

(1) Show that 3m, >2m, .
(i1) Find an expression for e, the coefficient of restitution, and
hence or otherwise show that 3m, < 5m, .
mass velocity before velocity after

A m, 2u -u

B m, - 2u v

P.C.M. m,(2u) + m,(-2u) = m(-u) + m,(v) eq() | 10

N.EL. v - ((u) = -e(2u - 2u) eq@)| 10

3 £
(1) From eq(1) v = M
_ m,
v>20 = 3m; > 2m, 5
(i) Fromeq2) ¢ = —°
4u
e =1 = V+u< 4

= v £ 3u

3mu - 2m,u o
m?_

= 3m, < S5m, 5

30

10




5 (b) A sphere of mass 4 kg is released from rest
when o = 60°. It swings down and
strikes a 7 kg box B when the string
is vertical. The distance from the point
of support to the centre of the sphere 1s
one metre and the coefficient of restitution

for the collision is 2.

Calculate the speed of the box
immediately after the impact if the box is free to move.

GamminK.E. = LossinP.E.
Law® = 4g(1 - 1.cos60)

= w.= iJs

mass  velocity before  velocity after

4 Jg v,

7 0 Vv,
e M. 4dg + 0 = 4v, + Tv,
NREL. v, - v, = -2(Jg -0
v, + Tv, = 4‘/52
4v, - 4v, = -3g
= v, = 7—@ ot - 199

11

10

20
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6(a) Define Simple Harmonic Motion.

The distance, x, of a particle from a fixed point, o, is given by
X =7sinwt+ 24 cos@t , @ being a constant.

about 0.

(11) Calculate the amplitude of the motion.

(1) Show that the particle is describing simple harmonic motion

The motion of a particle is simple harmonic motion if its acceleration

towards a particular point is proportional to its displacement from that

point.
(i) X = 7sinwt + 24 cosax
‘ dx .
‘ I = Twcosak - 24wsinok
| d*x ,
| d_t; = -7o’sinot - 240° coswt

S.HM. about x = 0

(ii) amplitude = +7° + 24

= 25

12

10

30




6 (b) An elastic string of natural length one metre is extended 20 cm by a particle attached
to its end and hanging freely. The particle is then pulled down a further distance of
40 cm and released.

(1) Show that the particle moves with simple harmonic motion
when the string is taut

(i1) Find the height above the equilibrium position to which the
particle will rise.

(1) Equilibrium position

T, = mg
k(02) = mg
= k = Smg or 49m 5
Displaced position

mg - k(0.2 + x) 5

= mg - mg - Smgx

Force in direction of X increasing

= - 5mgx
acceleration = - S5gx 5
= - 49x
=3 S.HM. about x =0 with @ = 7
(i1) Find velocity of particle when string is 1 m long

v = o

0D - (02)°
74012  or 243

Find distance
v' = u® +2as
= 49(0.12) + 2(-9.8)s
= s = 03 = 0.5m above the equilibrium position 2

13

20
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7

Two equal uniform rods [ab] and [bc], each of weight W, are freely jointed atb. An
inextensible string connects a to the midpoint of [bc]. When the string is taut the angle

beais 6. The rods are placed in a vertical plane with a and ¢ on a smooth horizontal
surface.

: R
Prove that the tension in the string is z V1 +9cot?6 .

10
a C
Resolve vertically R +8 = 2W 5
Moments about a for system W(l) + W(33) = S 5
=5 GS =W and Ri=+W 5
Moments about b for ba
e 4 i Tl < L
Tcosa.iﬁsin@ + W.cos@ = Tsina.2lcos® + R.2/4cos8 55
2Tcosa.tan@ + W = 2Tsinax + 2W - R ="W)
W .
= Tcosa.tanf = b + Tsinw s eq (1)
Moments about b for be ' 1 P
Tcoso.fsinB + Tsino.fcos® + W.fcos® = S.2/4cos6 5.3
Tcoso.tan@ + Tsink + W = 2W (S = W)
=5 Tcoso.tan = W - Tsing rmronnaes E.(2)
Solve equations (1) and (2)
W 3W
Tsingg = — and Tcosag = ——
4 4tan6
2 2 2 2 W ow?
= T'sin"¢ + T cos"ax = + =
16 16tan“6
W
= —+f1 + 9cot’s
= T 4 cO . 50

14
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8(a)

Prove that the moment of inertia of a uniform rod [ab] of mass m and length 24
about an axis through a, perpendicular to the rod, is £m#”.

Letm, = mass per unit length
Massof rod m = 2m,#
Consider an element of the rod of width Ax, a distance x
from the axis.
Mass of the element = m AX 5
2¢
Moment of inertia = Imlxzdx 5
0
My 5
= 3 [X ]0
= 8m11£’3
e
_ 4m 1* 5
3 20
8(b) A lamina is rotating with angular velocity @ about an axis perpendicular to its
plane. If the moment of inertia of the lamina about the axis is I, prove that the
kinetic energy is +1m”.
Consider a particle of the body of mass m,
a distance r from the axis.
Kinetic Energy of particle = imv?
= imr'e’ 5
Kinetic Energy of the lamina = %mr?'cp2
= é—a)zE mr?
= I—ICOZ 5 10

15
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8(¢c) A uniform rod [ab], of mass m and length 27 | is free to rotate in a vertical plane
about a fixed horizontal axis at a, with a particle of mass 3m attached to the
rod at b. The system is released from rest with the rod vertical and the end b

above a.
(1) Show that the angular velocity of the rod when next it is vertical is
104

(i1) If at this point the mass falls off, find the height to which the end b
subsequently rises.

I = 2m# + 3m@s)’ 5
40m £ ]
= 3 i

Gain in Kinetic Energy = Loss in Potential Energy
Ho®* = mgR2f) + (3m)g4dd)

2 3
W0l® - jamg
3
21g ;
— o = J—
104 5
‘/'[:J) Loss in Kinetic Energy = Gain in Potential Energy
\ .
e L5 3 104
FL
= h = —
5

14¢
End b will rise a distance 2h = — S

16
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9(a)

A triangular lamina abc is immersed in a vertical position in water with its
vertex a at the surface and its base [bc] parallel to the surface.

(1) If Ibcl = 10 cm and the height of the triangle is 7.5 cm, find the thrust
on abc due to the water.

(11) If d and { are the midpoints of [ab], [ac] respectively, find the ratio

thrust on adf
thrust on dbef

T, = Pressurex Area
= pg(2 x0.075) {1(0.1)(0.075)}
= 01875 or 18375 >
T, = Pressurex Area
2 Do {1 (0.075)}
= = x 1(0.05)| ——
pg[:a 2 ) R
= 0.0234375g or  0.2296875 5
=  Tgy = 0.1640625g or 1.6078125 5
! Te _ 02296875 1 . . i
1.6078125 7

20

17
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9(b) A thin uniform rod [ab] of length £ and
relative density s is in equilibrium
in an inclined position with the end a
immersed in a container of water and the
end b supported on the edge of the container.

Show that the length of the immersed part of
therodis 41 - J1 - ).

Let X = lengthof immersed part

Resolve vertically R+B =W

Take moments about b

B(f - g-]cosﬁ = W 1lcosp

ﬂ(f = i) == W
ls 2

= x* -2x + ¥ = O

= x = £ =+l -8) as x </

18

10

5,5

30
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d
10(a) If IE‘E = v -vt and v=3when t=35,

{ind the value of v when t = 6.

Inv = Int -t +-C

v =3 whent = 5 = In3 = Ind5 -5 3 €
= C:S+ln';i or 4.489
/ \"3'*

Ihy = lnt—t+%u1n§}

Inv = lri—é'y— 6 + S + ln-s—

I
o
U

Find v when t

18 e
= Plnwr = lng -1 or 0281

= v =137 or — of ¢
Se

19
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10 (b)

A particle moves in a straight line. The initial speed is # and the retardation

is kv’, where v is the speed at the time 7. If s is the distance travelled in
time?, prove

»  v= ——
"1 + ksu
ks? S
t = — + —.
(11) > =
viy-z - kv
ds
dv
[=—= = kfas =
1
- =ks + C
Vv : 5
1
v==uwhen § =0 = — =@ 5
u
l:ks+—1—
v u
_ ksu + 1
= vV = — <
ksu + 1 20
ds _ u
dt ksu + 1
j(ksu+1)ds = ujdt 5
t =0 whens =0
= = 9 T 5 10
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