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PART A

01. . .
By conservation of linear momentum

u --
_> 4—3—
2kmu _ mu+kmu @

M T T Ty Ty m
«— —

3-2k —1+k

3 4 u ot
4 4
12 -8k = -3+ 3k
I = 15
11
By newton’s law of restitution ’5

02. Applying s = ut —»

x =vcosaT .............. (1)

Applying s = ut + %at2 T

. 1
y = vsinaT — EgT2 ............. )
. 1 .2
. vsinaT—=gT
Since tanf = 4 tanf = —2—
X vcosaT

tanf = tana —

2vcosa

gT  sin(a—p)
2vcosa  cosacosf

_ gTcosp 25
V= 2sin(a — B)

Considering the length of the string

3x+y=1
3%+ P =0.ccvennn.... (1)
Applying F = ma for pulley C l Q
mg—3T=mx ............. (2)
Applying F = ma for the particle l
2mg—T =2my ........... 3) °
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04. — v

Applying P = Fv for 1% case

T T
2H . - +—F
Z=Fv.... (1) - —

. —>
Applying F = ma for the system for 1% case Mg R

%—Rz(SM)— .........
Since (a) = (b)
.-.R:——BM— ............. H
3v ——3M—=;—3Ma

3v

Applying P = Fv for 2 case

4H — 9Mav = 6H — 18Mav
H = sz ............

9Mav = 2H

_2H

05.m?2+n?=5.......... (1)

(2£'+]_').£'=\/§c059 — :-cost%
(20 +) ). (mi +nj) = V5V cos26

2m+n=5(2x3-1) —> 22m+n=3 ... )
m?+(B3-2m)?=5 —» -5m?—-12m+4=0

am= or m=2

.-.n=1 orn=-—1
25
sincen<0, m=2andn=-—1

&, W [l V)

|

06. Taking moments for the rod about A clockwise

SX4a —WcosO X 3a =0
V5w

4

S =

Resolving for the rod along the rod upward

w
Rsinf + Ch Wsinf =0

2 W 2 v
RX-4+—=WXx< w

3 2 3
v
“R=— 25
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07. Taking moments for the rod about A clockwise

. s . s . T
SstXZa—Pstxa—Wstxa=O
W+P
WS =—

2

Resolving horizontally for the rod —»

S—P—F=0 —».-.F:?

Resolving vertically for the rod T

For static equllibrium |§| <u

wW-P
s( z >sl — Y<wW-P<
w 4

08. sinf = ézg

2

Resolving vertically upward for the particle

T;sin@ — T,sinf —mg = 0
o Tl_TZ =3rn_g ........ (1)

2

Applying F = ma for the particle towards the centre

T,cos0 + T,cos6 = m X 32—a cosf X w?
@)

@- 2="7 - ==
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09. since P(A) =1—P(4/)
a P(BNn(AUB))
P(A) = 0.3 - PB/AVE) = =50

since P(AN B) = P(4) — P(B/ n A) P((BnA)u(BnB))
. P(BJAUB) =

P(ANB)=03-02=01 P(AUB)
Since P(AU B) = P(A) + P(B) — P(AN B) | p(B/aUE) = —B) 04 _2

P(AUB) 06 3
P(AUB)=03+0.4—0.1=0.6

_____________________________________________________________________________________________________________________________________________________________________

10. Since x =

Y x; =nx
~ sum of incorrect data = 10 X 40 = 400

sum of correct data = 400 — 85 + 65 = 380

380
~ correct mean = il 38

, . Yxi2 2
Since ,variance S§* = ==L — X

inZ = Tl(Sz == EZ)
sum of squares of incorrect data = 10(144 + 1600) = 17440

sum of squares of correct data = 17440 — 852 + 652 = 14440
correct variance =

0
14440 402 _ @
10
corrrect standard deviation = 0
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(11) A
P
/ tand = a

2U e :
: u
(Dtan = —=a
t
2Uu
t1 = >

v

(ii) Distance travelled by P + distance tavelled by Q = k

4utu
2

%x%x2u+2uxt2+(

2k 4u
e
3 3l BT
(lll)tanﬁ = (% B 4__u) N 2ka — 4u? @
9u  9a

)tz =k - 4u?+ 4aut, + 5aut, = 2ak

Vwe=1u

Vow=v , Vow=2v, Vpg= T Vos =l

Voe =Vow + Vi

PR, = P§ + QR

Vo = Vow + Vivs R,

PR, = P§ + QR, §
u g
907 — ¢

2v
R,




u =vcosd — cosf == s u -

2
u :
u =2vcos(90° —0) - sinf =— 5 u
2v : S = Et S, = 2ut
) Uy 2 U \? i )
since (;) + (ﬁ) =1 SinceS;+S5,=a
S5u? = 4v? t = i—z
v=—
150
______________________________________________________________________________________________________________________________________________________
(12) Apply F = ma <
For the system —» T, Q
T, = Ma; + m(a; + a;cosq) ............ (1) a,
Forp / a; | Tz
T, — mgsina = m(a, + ascosa) .....0..... (2) S g
For R l as T
2mg
mg + 2T2 - T1 =ma,. . (3) C maq
For S l

2mg — T, =2m(as + ay) coeoe.n....... 4)

ForT T

T2 - mg = m(a3 - a4) ............ (5)

Considering the length of the string Forces and accelerations

i+j+Z=0
_al —_ a3 + a4 = 0 //,f: _____________________________________
a4 = a1 + a3 (6) //,»"//

(b) By conservation of energy
—2mga = —2mgacosf + %vaz
—3mgabsina + %Bmvz
5v2 = 4agcosf — 4ag + 6agfsina

2 _ 29 mar —
af* = c (2cosB + 30sina — 2)




Applying F = ma towards the centre for P /
29 .
R — 2mgcosf = 2m X ?(ZCOSH + 360sina — 2)
2mg .
R = o (9cosO + 60sina — 4) ° 150

(13) Applying v? = u? + 2as l
vo? = 2ag + 2ag
a

Vozzx/@

Applying F = mal

mg — T = mx @ L
Ckmg(x—a) N

mx

5é+k—g(x—a—5=0),wherew=\/§ "4
a k a .

XL v
When i = 0 I mg
xX=a +% , So center lies at a distance a +% from O.

Sincey=x—(a+%)
y =5 LY = wly

_ kg (g2 _ _a
tag="2(a2-%5) ——> A=2Vak+1
maximum downward displacement = a + % o %\/4k -

maximum tension in the string = '”ng (% + oAk + 1 ) :

tension in the string when the particle is at the centre = % (E)

k
Ratio=(1+V1+4k):1




lQ

1
cosl = =

FVAk+1 Ak +1

1
6 = cos™ ! (—)
vak + 1

1
a=m—cos ! (—)
Vvak +1

Time taken for the SHM = \/g (n —cos™ 1 (

—))

Time for the motion under gravity

v=u-+at

2\/@= 2ag + gt ] tz\/g(Z—\/i)

1 a
« Total time = {2\/% — 2k + T cos * —} —
V1 +4k) | kg

time taken to come to instantaneous rest from centre = o %
r

sinceE\/zzz\F B, ¥ -5 @
2+ kg 24l9

maximum speed of the motion = wA = \/% X %\/4k +1= \/% x V5a = /Sag i i

Since AG = AAB Since EG = yED
AG =A(b - a) . 2
EG :u<3g+—g+7g+2)

3
— 5
EG =,u(10g+§g)




Since AG + GE = AE

7\(2—2)—#(109+§Q)=—79—2—2

5
a(-A—10p+8)+b (7\ —3H + 1) =0 ,since a and b are non parallel

2 27
..7\—; andu—g

b t _2 t A—4
(b) any ==, anA = = e B

Taking moments about E anticlockwise

~A+10p=8and Zu—A=

3 3 3
,BPSin}/XE—SPSin?\XE—LLPXE:O

B =413

Taking moments about F anticlockwise

3
aPXE—SPXZ—SPcosAx2=O

X = 3P + Pcosy — 5PcosA
3 3
X =3P+ 4V13 X — — 5P X — = 12PN

Vi3 5
TY — 4P + 8P — 5Psin) + BPsiny
Y=4P+8P—5P><é+4\/1_6xi = 16PN
5 Vi3

B -
Taking moments about C for both systems
3
M = 16P X = = 24PNm
F~\20pP 2
C
A C
E X
Taking moments about E for both systems Resolving horizontally for both systems
anticlockwise 12P = Ycosy — X

3 3
Ysiny X =— 24P =0 X =8V13P X ——12P

Y =8V13P N X = 12PN 150




(15)

Taking moments about A for the whole system
about A anticlockwise

tang = —
a

a
R, (acosB + bsinf) = aw X EcosH

X

aw

+bw X (acosQ + gsine) ............. (2)
A
a?w a b a bZw b
By (2) R _ TXW‘F aWX\/—W+TX\/—W
1 ax a +bX b
Ja2+b2 VaZ+p2

alw+2a?bw+b3w _ W(a®+2a?b+b>)
2(a?+b?) ~ 2(a?+b?)

Taking moments for the rod BC about B

b b
TcosO X > + bwsinf X 5~ Rysin@ X b =0

W(a® + 2a*b + b?) wab(a + b)
T = tané —bw|=—5——-

(@ +b2) a? + b2

Resolving horizontally for the rod BC

P wab(a + b)
~ a?+ b2

Resolving vertically for the rod BC

—wa?
V=bw-R =727

Taking moments about A anticlockwise for the framework

P x2a =120 x 2v3a

P = 120V3N

C
2P
PN e b
c
300 d
R
60° B
A
a




120N
30°
60°
¢ 300 b
Rod Magnitude(N) Tension/Thrust

AB 4043 Thrust

309 BC 803 Tension
0

30 AC 160V3 Thrust
AD 120 Tension
€ DC 240 Tension

(16) (i) Theory of proof of centre of mass of a thin uniform semi-circular wire of radius a

(i) Theory of proof of a thin uniform hollow cone of height h




mass X y
1(3a)(5a)0 0 1
= 15ma’o 3 (40)
(157k) __Aa
3
T i
2V2a x \2ac V2acos=+ 3a V2asin—
= 4a%c 4 4
y (4‘k) = 4a -
T T
V2ma xV2ao 3a + 2a +2asin— 2a —V2acos—
= 2na’c 4 4
........ (an) + 2\/50' COSE zﬁa T[
T cos —
\/EG 2a 4
=6a +— 2a
TT =a+—
T
Solid k(17m + 4) 73 y

2
k(177 + 4)% = 4k(4a) + 2k (6a + ?“)

20a+12ma [4(5+3n)

X = "mre  |larn+a

O,

_ 4a 2a
k(17t + 4)y = 157k (— ?) + 4k(a) + 2k (a 4 ?)

—18nra+8a  2a(9m—4)

T 177 + 4
g X
g = aa—y)
4(5+37T)a
tand = A7m+4)
an . 2a(9m — 4)
a‘<17n+4)
2(5+ 3m)
0 =tan™' (s
o (25n+12>

150




17. (i) If the event of second ball being white is A

P(A) = P(W)P(W /W) + P(B)P(W/B)
1 _ 7 n+7 3 7 White — 07
15 10 n+11 10 9
Black - 03
66(n+11) =63(n+7)+21(n+ 11)
45(n+ 11) = 63n + 441
18n = 495 — 441
n=23 White—n + 7
(ii) If the event of third ball being black is B Black - 04
__P(BNnA4)
P(B/A) = A
P(Bn A) = P(W)P(W/W)P(B/W nW) + P(B)P(W/B)P(B/W N B)
P(BNA) = lx—x—+ixzx3=ﬁ
13 10 9 8 1560
331 15 331
P(B/A) = s X 11 = 28
(b)
Class interval X; d; U; uf fi fiu fouf
60-64 62 -10 -2 4 21 -42 84
65-69 67 -5 -1 1 27 -27 27
70-74 72(4) [0 0|0 28 0 0
75-79 77 5 1 1 14 14 14
80-84 82 10 2 4 06 12 24
85-89 87 15 3 9 4 12 36
D fi=100 | Y fu= | > ful=
— 31 185

(i) Modal class = 69.5-74.5

My =L, +c (AlAlAz) M, = 69.5 +5 (TIM) = 69.83

(if) Median class = 69.5-74.5

M, =1L, +/§(§_ m—1)

(i) Mean = 4 + ¢ (szf) =72+5(25) = 7045

M, =69.5 + %(50 — 48) = 69.85 @

(iv) standard deviation = ch [E fiu Zf‘ l \/ [185

Xfi 100

(v) Coefficient of skewness = Mean_MO.d ¢ _ 704008
Standars deviation 6.62

= 0.092

] = 6.62

100
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