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Determine the resultant of the concurrent force system shown in the following
Figure. (AU JUN’10, DEC’10, DEC’12)

150N
180N
Solution:
Resolving forces horizontally,
YH = 150c0s30 — 200 cos30 — 80 cos60 + 180 cos45
= 130 — 1732 — 40 + 127.28
SH  =4408 N
Resolving forces vertically
zZV = 150 sin30 + 200 sin30 — 80 sin60 — 180 sin45
=75 + 100 — 69.28 — 127.28
= — 21.56 N
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Magnitude of Resultant
R = zZH? +3zV?

= J(44.08)2 +(21.56)%
R =49.07 N

VS

Direction of resultant is

pAYS
0 = —
tan SH
8 = tan_l(%:-r:s()—z) = 26.06 (IV Quadrant)

The resultant force is shown in figure.
A

Y

A

26.06°

R=49.07N
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The following figure shows a 10 kg lamp supported by two cables AB and AC. Find
the tension in each cable. (AU JUN’10, DEC’10, DEC’12)

mass of lamp = 10 kg
weight, w = 10x9.81 = 98.1 N

To find:

1) Tension in cable AB, T, - = ?

2) Tension in cable AC, T, =?
Solution:

From the given figure,

075 )
In angle ABD, tan@; = 15 ~26.5

0.75
In angle ACD, tan6, e =20.55
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Solution: .
From the given figure,

075 )
In angle ABD, tan@; = 15 —26.50

0.75
In angle ACD, tan6, aar =20.55

The system of forces is shown in figure.

TM" TAC .
Applying Lami’s theorem -

132.89

26.56 20,55 Tac _ _Tap _ 981
in116.56 in110.55 in 132.89

116.56 (/ 110.55 Sin sin sin

Y

08.1
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Determine the magnitude and angle & and F so that particle shown in figure, is in
Equilibrium (AU MAY’11, JUN’12)

Y F
4.5kN =) e
e X
60° ,
2.25kN

] 7.5kN ¥ 307
Given :

Inclination of force, F = 0, with x-axis
Inclination of force 4.5KN = 0 with x-axis
Inclination of force 7.5KN with x-axis = (90—30) = 60°
Inclination of force 2.25KN with x-axis = 60°
To Find :
F=2%2; 0 =7

23MET203 /Engineering 6/90

.
nisrc
11T




QPQA 14 marks questions

VS

Solution :
- It is given that the particle ‘P
Hence, H = 0 and V= 0.
Resolving forces horizontally,
>H = F cos@ —4.5 c0s0°—7.5 c0s60°+2.25 cos60®

.0 = F cos@ —4.5—-3.75 + 1.125
F cos@ = 7.125

Resolving forces vertically,

> is in equilibrium. Hence

>V = F sin@+ 4.5 sin0°—7.5 sin 60°—2.25 sin60°

0 = F sing+ 0—-6.495-1.948
F sin@Q = 8.443 | E
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(_2)_:> Fsin® 8.443
(1) FcosO 7.125

.tane = 1.185
0= 49.84°
Putg = 49.84° in egn. (1), we get
F cos(49.84) = 7.125
F=11 KN

(Ans)

. (Ans)
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ABCDE is a light string whose end A is fixed. The weights W and W, are attached to the
string at B & C and the string passes round a small smooth wheel at D carrying a weight
40KN at the free end E. In the position of equilibrium, BC is horizontal and AB and CD
make angles 150° and 120° with horizontal. (AU DEC’12)

ca
A L Toe
150 120° ” -
N co
Ton v - £ = 40 kN
e Toe

23MET203 /Engineering 9/90

.
nisrc
11T




QPQA 14 marks questions

1T 7151=5

Find (i) the tensions in AB, BC and DE of the given string (ii) magnitudes of W and W-.
Solution :

Let us consider the pulley first the various forces acting are
shown below:

60°

I: TopSIN60°

co

1200 TDE = 40KN
C 40KN
At point D,
Tpg = 40 kN
SFy = 0

" =Tep $iN60° Tpe =0
—0.866 Tp+40 = 0 .
Top= 46.18 kN (Ans)
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Now consider joint C, the various forces acting at C is shown

below

.
nisrc
11T

TCD
Tgc 120°
150°
o0°
v
W2
Applying Lami’s Theorem at joint C,
TED: - THE oo WD
sin90° sinl50° sinl120°
46.18  Tee . W,
sin90® sinl150° sinl120°
¥ _46.18><sin150_23 LN i
BC sin90° (ans)
W =46.18xsi11120_40 KN ™
% sin 90° - =
23MET203 /Engineering 11/90
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“Now consider joint B, wne various
forces acting at ‘B’ is shown in fig.
Applying Lami’s Theorém,

TaB W, Tre

sin90°  sinl150° sinl 20°

; The % sin 90°
LA = Bscin120° -= 26.56 kN
Thr xsin150
= B¢ = 13.28 kN -

sin 120°

TAB
150°
.120° | 900 > Tac
Y
W1
{(Ans)
(Ans)
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A horizontal force P normal to the wall holds the cylinder in the position shown in figure
below. Determine the magnitude of P and the tension in each cable. (AU DEC’12)

Given:
Weight, W = 250kg = 250 x 9.81 = 2452.5N

To find:
i) Magnitude of P = ?
ii) Tension in each cable
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Solution:

lLet Tog and T, be the forces along the cables AB
and AC respectively. The co-ordinates of various points are

A(l, 2, 0), B(O, 14, 9), C(0, 14, —12).

Tension in Cable AB:

Position Vector A = B—A
= (01 + 145 + 9k) — G + 2j +0k)
AE = —i+ 12j + 9k
Magnitude of AR = |AB|

= AB = /(-2 +122 + 92
= 15.03
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Unit vector along AB,

AB
Nnap =~ IAB| )
—i+12j+ 9k
15.03
= —0.0665 i + 0.7984 j + 0.5988 k

Tension along AB, Tap =T g - DA

_  Tap (—0.665 i + 0.7984j + 0.5988k)
—0.665T s i + 0.7984T 4 pj + 0.5988T 4 3k

|

Tension in Cabie AC:

Position Vector AC

= ©—=A
= (Oi + 14j — 12K) — (i + 2j +0K)
AC = —i+ 12j— 12k

23MET203 /Engineering 15/90
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_ Magnitude of AC = |ACI

= AC = (=12 +122 +(—12)2

AC =17
Unit vector along AC,
AC
Nac = |Ac]

—i+12j—12k
17
— —0.0588 i+ 0.7058 j — 0.7058k

Tension along AC, Taoc = Tace - Nae

= Tac (0.0588 i + 0.7058 j — 0.7058k)
= —0.0588T i + 0.7058T 5 5] — 0.7058T 5k
Force through weight,

W = W () = — 2452.5j
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VS

Force through P,

P = P.i
using equations of equilibrium
>SF, =0
— 0.665 Tpp — 0.0588 To,c+ P=0 ... (1)
>Fy, =0
0.7984 T, + 0.7058 T, — 2452.5 = 0 ......-.. @)
2E, =0
0.5988 Tog — 07058 Tpc =0 e (3)
Solving equations (1), (2), & (3) we get
| T,z = 17558 N
Thrc = 1489.1 N
P = 2043 N (Ans)
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Figure below shows three cables AB, AC, AD that are used to support the end of a

sign which exerts a force of F = {250i + 450 — 450k} at A. Determine the force develop
in each cable. (AU DEC’11)

|

Prali % 2
. o 2 -4
y
BM
F

Solution

Let F 5, F,cand F, be the foices acting along cables A3,
AC and AD respectively.

Fr?m the geometry of figure, the co-ordinates of various
points are

A (3,0,3), B (6,0,0)., C (0.5.0), D (0,0,3)
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Force Acting along AB
Position vector of ABis, AB_B_A
= (6i—0i+0k) —(3i+0i+3k)
AB= 3i—3k

Magnitude of AB =|AB|= AB =./32 +(—3)2 —4.24
- |

|AB]

3i—3k

" 4.24 -

nap= (0.7075i —0.7075k)

Unit vector along AB is Nlappg =

Force in wire AB, F,p = Faop-Nap

= F,5 (0.7075i—0.7075k)
= 0.7075 F,p i — 0.07075 F, k
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Force acting along AC
Position vector of AC is AC =C—_ A
' ' = (0i+5j+0k) — (3i+0j+3k)
AC= — 3i +5j—3k

Magnitude of AC =|AC|=AC=./(-3)2+52 +(-3) =6 55
AC
|ac|
3i+5j—3k
6.55

Unit vector acting along AC is Nac ==

23MET203 /Engineering 20/90
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nac = —0.458i+0.763j —0.458k.
Force in wire AC, Foc = Fac.Nac :
= F,c (—0.458i+0.763j —0.458K)
Fac =—0.458 F,i+00763 F,j—0.458 F, k
Force acting along AD
Position vector of AD is AD=D-— A
= (0i+0j+3k) —3i+0j+3k)

AD= —3i
Magnitude of AD = |AD| = AD = 1/(_3)2 )

. : : . AD _ —3= .
Unit vector acting along AD is NaAp = l;\_D.l —— = —1

Force in wire AD, F,p = Fap-nNap

Fac =—Fap!
It is given that force at A is

£ = 250i + 450j — 150k

23MET203 /Engineering 21/90
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It is given that force at A is
F = 250i + 450j — 150k
Applying equations of equilibrium,

>Ex = 0.7075 F,,—0.458 F,.—F,,+250 = O

>Fy = 0.763 F,+450 = 0
>Fz = —0.7075 F, 5 —0.458 F,~—150 =0
Solving equations (1), (2) & (3) we get,
F. . — 589.77N -
F,g = 593.8N
F,p, = 400N

23MET203 /Engineering
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A force (10i+20j-5k)N acts at a point P (4,3,2) m. Determine the moment of this force

about the point Q(2,3,4) m in the vector form, Also find the magnitude of the moment andits
angles with respect to x,y,z axes.(AU Dec’10,JUN’12)

Given :

Force, F = (10i + 20j — Sk)N
P (4.,3.2) m
Q (2.3.4) m

To Find :
Moment, M, = ? :
Magnitude of moment, |Mg|=M =2
O™ 2,,0,=2 D=7

Solution :

Position vector, QP =P — Q

= (4i + 3] + 2K)—(2i + 3j + 4Kk)
OP= 2i + 0j —2k

i ] k
Moment about point Q, Mg = QP x F=[2. 0 2
1020 —5

i (O + 40) —j (=10 + 20) + k (40—-0)"
(40i — 10§ + 40k) N-m.

(Ans)
Here, M_ =~ 40N-m ; y=—10 N—-—m, M_=40 N-m

Mg =

23MET203 /Engineering
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Magnitude of moment = ]MQi= M= \/(40)2 +(_1o)2 + (40)?

M = 57.44 ™N—m

Angle made by MO with x-axis

. Mx
cCOsSPDx = V
0O x = cos_'( =,
. ' 57.44
0x = 45.86° ] (Ans)
Similarly, M
COSOY T\
S — cos—‘( =5
N > \s7.4a
oy = 100.02°
(Ans)
- o () comt (52
Oz — COS M = COS 5744
0z = 45.86° (Ans)
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Two beams AB and CD are shown in figure. A and D are hinged supports. B and C are
roller supports.

3ok 10 kn/wn
C [
A bo (@) ]
[ I a7

’T 2 ™ J, 3Im - 3w 2.™ 2™

(i) Sketch the free body diagram of the beam AB and determine the reactions at the
supports A & B.

(ii) Sketch the free body diagram of beam AB and determine the reactions at the supports

C and D. (AU Dec’10,DEC’12)
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Solution :

.ct ,l{/\‘ 1IR3, R and 12, be the renctions at supports A,

13, C and DD respectively.

Consider the beam CID. ‘The free body diagram of beam CID

is shown below.

20KN
D
Ra - “4m » | < 3m > (RY

The uni("orrn-ly distributed load of 10 kN/m for a length of
2 m is assumed as equivalent point load of’ (10=2=20KkN)

and acting at a distance 4 m form C,

Using equations of equilibrium,

EF, = 0
A2 =
S Fy, =0
R —20400R ), = O
R, - 20

Taking moments about C
ST M = O
—20=4+(Ry),, =7 = O

(R,)X

{(Ans)

-----

23MET203 /Engineering
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—BO+7(R ), - 0

), - 11.43 KN (Ans)
Put (R, = 11.43 in cgn. (1), we got
Re. - 11.43 = 20
R. - 8.57 KN (Ans)

Now consider the beam A3, The free body diagram of
beam A3 is shown below

30KN R, .=8.567KN
R,OX 3060:99: Go° l
A .
30aNGo" ,
(RA)\(4 2m e 3m > | 3m - Ry,
Ulsing cequations of” equilibrium,
>>) L “- O
(R L), —30 cos60 w0
(R ). = 15 kN
=¥, = O
(R L), —30 8in60 —8.57-+R i O
(R, + Ry - 34.55 =0 Kees 2)
Tuking moments aix:ul A,
M, =0
—30 SINGO=*2 - B .S7=S5+R ;=8 == O
—S51.96 —-42.85+8 IR, - 0 .
I, s T1I1I.8BS kNN (Ans)

23MET203 /Engineering
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Put Ry = 11.85 in eqn. (2), we get
.(RA)y.+ 11.85= 34.55
’ (RA)y = 22.7 kN

Ry SRR

= 15 +(227)
R, =272kN (Ans)
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A simply supported beam AB of 6m span is loaded as shown A is a hinged
support; B is a roller support. Determine the reactions at A and B.(AU MAY’11)

: SKN 4KN
1.5KN/m

Solution :

Let R,y and R,y be horizontal and verticle component of
reaction R, at hinged support A.

Let R;; be the vertical component at B due to roller support.

5KN 3N 4N
L) ah seoyse
A N C D y B
R dspase R
2n ple Im Sl 1M |, >

The uniformly distributed load of 1.51kN/m for a length of
2m is assumed as equivalent point load of (1.5%2= 3kN)

and acting at a distanceE = Im from ‘C’.

23MET203 /Engineering 29/90
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Using equations of equilibrium ) B

Taking moments about A,

=M, = O
—5%2—-3x3 —4sin 45°=<4 + Rp<6 = 0.
—10—-9-11.31+6R; = O _
Rpg = S.05kN (Ans)
ZF, =0
R ,,+4 cos 4;° = 0
R . .. =-—-3.98 kN
ZF,~— 0 -
R,,—5—3—4sin 45°+ 4Ry = O
R Ay = 5.778kN
Magnitude of Reaction, RA = \/RAXZ +R A2
= J3.98)2 +(5.77)2
R, = 7 kN (Ans) -
Direction of R, is '
6 = tan™! &\yJ
. Ax
—1( 5.778
0 =wan' (57
0 = 55.4 : (Ans)
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' Two identical rollers, each of weight 500N, are supported by an inclined plane making an
angle of 30° to the horizontal and a vertical wall as shown in the figure.(AU Jun’10,DEC’12)

(i) Sketch the free body diagrams of the two rollers.
(ii) Assuming smooth surfaces, find the reactions at the support points.

23MET203 /Engineering 31/90
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Given:
Weight of two identical rollers, W = 500 N

To Find:

Reactions at supports.
Solution:

Let R,, Ry and R be the reactions at supports.
Considering the roller P

The freebody diagram is shown in the figure.

Free body diagram Force diagram
'\R"
"r')" (3 60° 60°
; ' 150°
!
S00N
Applying Lami’s theorem
B oo Rp . 300
sin 120 sin 150 sin 90 .
R A 500
120 | Hno0 =¥ Ry=aN

Rp 500
sin 150 sin 90

R, = 250N

23MET203 /Engineering
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: I
Considoering rollers Q,
The freo body dingraam is shown in the figure.

-

Froo body Diagram X
Force Diagram

- IR,
SO0
Applying cquations of cquilibrium,
EHy = O
IR — I1R,; cos60 — R, cos30 w0
R .« O.5 Ry — 250 = 0.8606 e O
Re, — 0.5 Ry, — 216.5 ceenC 1)
IResolving forces vertically, a
X1, = O
IR,y Sin6GO0 — K, sin30 — 500 0
O.8B66 1R,; — 250 = 0.5 — 500 s O
. 19, o F721.7 N
Put IR,y = 721.7 in cquantion (1)
Re, — O.5 (721.7) - 216.5
(£ - 57 7.35 N

23MET203 /Engineering 33/90
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For the section shown in figure below, locate the horizontal and vertical centroidal
Axis (AU JUN’12)
600

100

200 | [ 350
200 S50 [,200,

»

600

100

23MET203 /Engineering 34/90
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Solution :

The given section is split into three rectangles as shown in
the figure. Let 1-1 and 2-2 be the reference :xis

@ » 800 .
@D - | 100
350,05 » 1
200 400
550 /58l 200, 600
: ® 1100
@ !
@ |
Centroidal Centroidal
L:omponent ‘?;::2;‘ Distance from | Distance from (rr:xnz) (r:;:z)
2-2 axis ‘x° {mm) |1-1 axis ‘y’ (mm)
Rectangle [ 100600 [ 80 101 c5q 1%, 500550 {39108 [33x106
(I) |=60000 } 2 ‘ 2
Rectangle |[400 x50 | 3¢ 400 - 06| 65106
T +550=575 |—+100=300 |115%1
@ |=20000 | 2 2 ;
Rectangle |800x100 | 800 _ 100 _ o
=400 —=50 32x10° |4x10%
Ta= 160 Zax =|Zay =
x 103 R.5x10°]43x108

23MET203 /Engineering
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Centroidal distance from reference axis, 2-2,

P
X - Zﬂ
32.5%10°
_ 82, % 10
|5ﬂﬁ103
¥ = 515.625 mm | (Ans)
Centroidal distance from reference axis, 2-2,
S LY
¥ | _ Eﬂ-
_ 43}::]06
160x10°
y = 268.75 mm (Ans)

23MET203 /Engineering 36/90
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Calculate the centroidal polar moment of inertia of a rectangular section with breadtt
of 100 mm and height 200 mm. (AU DEC’10,JUN’12)
Given :
For Rectangular section
Breadth, b = 100mm
Height, h = 200mm
To Find :

Polar moment of Inertia, J = ?

Solution :
M.I of rectangle about x-x axis

[ _ bh® _100x200°
o 12 12
M.I of rectangle about y-y axis

= 66.67%10°mm*

3 3 '
I - hb =200><|00 _ I6.67><106mm4
Yy 12 12

Polar moment of Inertia is,

s e F Ly
= 66.67 100+16.67x10°
J = 83.34x10°mm* ' (Ans)

23MET203 /Engineering 37/90
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Find the moment of inertia of the shaded area shown in figure about the vertical and
horizontal centroidal axes. The width of the hole is 200 mm. (AU DEC’12, JUN’10)

As the given section is symmetrical about y-y axis its
centroid will lie on this axis. Let 1-1 be the reference axis

23MET203 /Engineering 38/90
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As the given section is symmetrical about y-y axis its
centroid will lie on this axis. Let 1-1 be the reference axis

Area a Centroidal Distance ay I_,about the
C J - f
opponent cm?) from 1-1 axis *y’ (em) | (em?) asﬂs x-x (em™)
Triangle | _ 1 bl h 90 135000 bh”
M=, P Y753 3 'scm"’:%GB
1 e :
s B 30 _100x90
2
36
Rectangle | 872030 30 27000 _ bd®
% Yo— o 30 L™
= =600 2 12
= 4.5 20 % 303
12
= 45000
Ta= 39000 Zay =
108000
Distance of centroidal axis x-x from 1-1 axis
. = = ;any
Y T Xa
_ 108000
3900
y = 27.7 em (Ans)

23MET203 /Engineering
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M.I of entire section about x-x axis

I,..= Ml of Triangle about x-x axis—M.l of Rectangle about
x‘x axis [Igopta (y - v )] g + ax(ys- 5)?

= [2025000+4500(30-27.7)2]-[45000 + 600(45-27.7)°]
= 2048805224574
[, .= 1824231 cm* (Ans)

23MET203 /Engineering 40/90
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The given section is split up into four sections as shown in
figure. Let OX and OY be the reference axis.

. N
A
E -~
]
S / @)
T v
FY
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Centroidal Centroidal
Area Distance Distance ax ay
Compoment ‘a* (mm?) from O-Y from O-X (mm?) | (mm?)
axis ‘x’ (mm) | axis %’ gmm)

Rectangle |300x200 200 _ 160 300 _ 150 6x106 | 9x10°6
= 60%103 2 2

Semi-circle| mr? 200 4r

cmn-cnrc.e ~100 5_7: + 300 157 537
2 3
=15.7%103 = 342.44
12 1 200 50 4

Triangle | 1 200xs50 | 22 26667 | 2=—1667 | 033 |—8335
N 3 3 x105 | x10°
=5000

Circle () | —qr2 200 300_( 75) _3.14 —666c~7

: = —7 X 10()2 2 2 =x10° ]
=100 =212.5 :
=_31.41x10°
Zax= | Zay =

£a=49.29%10° 476x108)7.61x10°

23MET203 /Engineering
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Centrodial distance from O-Y axis,

Sax  4.76x10°
>Sa | 49.29x10°

¥ = =06.57mm
Centrodial disﬁnm from O-X axis,

.Eﬂ_}?_ 7.61=10°
Sa  4929%10°

G = =154.39mm

23MET203 /Engineering
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Figure shows a composite area. (AU DEC’11, JUN’ 10)

T

30 mm
‘ -3

/

AD s

N

= X

Find the moments of inertia (second moments of area) about both the centroidal axes.

Solurion :

The given section is split into three sections as shown in the -
figure let Ox and Oy be the reference axis.

4y .
@ 30mm
r S
A0fm . 40mm
<& ,
R @/ T 20mm
S = x

23MET203 /Engineering 44/90
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Cenutrodial distance from O-y axis,

- 2. ax 3
X _ 56.56x<10% .
2. a 2828.32 :
: Centrodial distance from O-Y axis,
3
35 = 2.ay 77.23x107 _ 27.3mm

2. a 2828.32

To find moment. of Inertia about XX axis:
I = M.l of Rectanlge (1) about x-x axis -+
M.l of Trianlge (2) about x-x axis +
M.I of Semicircle (3) about x-x axis
= [Iself|+a, (y, —¥) 2] + [Iself,+a, (y2 —F) 2]
+ [Iselfj+a, (y3 —¥)?]
= [0.2136><10%+1600(40 —27.3)2] -+
[B30>1034+600C10—-27.3)?] +
[17.6><103*+628.32(11.51 —-27.3)2]
471.664>x103+209.574>103+174.255=103
I, — 855.49%10% mm?

Xx

(Ans)

To find moment of Inertia about Y-Y axis
.lyy = M.l of Rectanlge (1) about y-y a::iis -+
M.I of Trianlge (2) about y-y axis -+
M.I of Semicircle (3) about y-y axis

23MET203 /Engineering
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Centroidal Centroidal Itself about | Itself about

Component| :\"“ Distance from| Distance from (.::1) (|:r}1’1’) X-X Axis y-y axis
a’ (mm?) | oy o (mm)| O-X %" (mm) mm? mm’
1y | 40=d0 0 2 e _ o 32:0° | 64210° | ba? bd®
Rectangle | = 1600 2 2 12 % 12 i
= 40x40° | 40x40”
12 12
=0213=10° |=0213=10°
3 3
@ [lxg0x3¢ oz | 2opo 121 | 610 |bb o
Triangle | 2 2 3 36 a 36 "
= 600 : 40x30° | 30x40°
36 48
= 30x10° = 40x10°
4
) _’_"2 4_0 - 20 20— ir_ 12.56x10° 7.23=10° o011 KP
Semi 2 5 2 3n i e 128
Jrcte : = 0.11x
arc 2 zﬁo_ 0~ 4x20 7:(40)4
- in -176%10° |~ 5
= 62832 =151 o
5 =62.83%10°
Za= Zax = lay =
282832 56.56%10° | 7723=10*

= [Iself|+a, (X —X)2] + [Iself,;+a,(x, —¥)?] +
[Iself;+a, (x3 —X) 2]
= [0.213x10%+1600(20 —20)?]+ [40x<103+600(20 —20)?].
+ [62.83%103-+628.32(20 —20)2]

= 0.213%10+40x103+62.83x107
= 315.83x10°mm* (Ans)

[~
[
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“_*—‘ — ]
100mm 400mm ’I'

Solution :

The given section is split up into four scctions as shown in
figure. Let OX and OY be the reference axis.

y‘
r 250mum
-«
10Odrum R40
Z200mum ) o / )
) ' R100
’ &
. D
B0mm "\\
EDla .
O |« :}: > "
100mm A0O1rum
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@
Centroidal Centroidal
Arca Distance Distance ax ay
Component L @m?) | from O-Y from O-X | mm?) | (mm?)
axis ‘x’ (mm) | axis %’ (mm) .
Rectangle | 300x500 500 _ 50 300 _ 150 375%10°|22.5%10°
= 150x%10° 2 2
Semi-circle T2 ;’; + 500 100 8.5 157
2 * . %1007 | x10°
7% 1002 _ 4x100 . <00 :
2 - 3n
=15.7x10 = 542.44
i I
Triangle] 1 100x80 | 100 30 667 —0.133 | —0.106
= -4x103
s i 300-100 —1255| —1.004
Circle &) | _ _, ( 40)2 200 X 109 =*10°
=_5.02x103
) ax= | Zay =.
Za=156.68*10 82 5x10P| 22.96<1¢F
2.ax

Distance of centroid from OY axis, X =

>.a

23MET203 /Engineering
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4.61x10°
- 22.01x10 _ _ 284.72mm (Ans)
156.68x10
: . L Sy
Distance of centroid from OX axis, V = > a
6 <
i IO s 146, Sdmam (Ans)
156.68x10

An area in the form of L section is shown In figure below (AU MAY’11, DEC’12)

10 mm

JJO mm

L 100 mmﬂ_] T

Find the moments of Inertia |,,, l,,, and l,, about its centroidal axes. Also
determine the principal moments of inertia.

23MET203 /Engineering 49/90
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Find the moments of Inertia I,,, |,,, and |, about its centroidal axes. Also

determine the principal moments of inertia.
Solution:

The given section is split up into two rectangles as shown
in figure. Let |1-F and 2-2 be the reference axis. The
calculations are shown in (he table ;

10mm
150 mm (D'
L
@ T10mm
@ » 100 mm T®
O
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Centroidal | Centrvidal | S Loar
. Area Distance Distance ax ay nl'xﬁut nt;;m
Componcat o’ fronr O-Y | fiom O-X 2 2 XX Yy
2 1o Gad oo gy (mm*) | (mm*) 2 P 2 4
{(mm?) | axis ‘X nxis oy axis amm axis mm
(mm) {mm)
Rectangle [150x10| 10 __ [ 150 7500 | 1125 |  bd® db?
) =1500 | 2 ~iae =107 12 12
10x150° | 150%10°
12 12

=2,8|x|06 =12.5%10°

Rectangle (9010 | = 90 10 _ s | 425 4500 b3 db?
(2) =900 2 2 *10? 12 12
90x10° | 10x90*
=55 12 12
| w7 8107 |~ 6075107
Za - Sax= | ZTay =
2400 57=10° [117%10?

1. To find centroidal distance :
Distance of centroidal axis y-y from 1-1 axis,

3
= >z ax o2 57=10 — 23.75mm
3a 2400
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1. To find centroidal distance :

Distance of centroidal axis y-y from 1-1 axis,

. Tax 57x10°

>a 2400

Distance of centroidal axis x-x from 2-2 axis,

¥
V—E“-l—}i el = 48.75mm
: za 2400

2.To find moment of inertia about centroidal x-x axis (I )

M.I. of given scction about centroidal x-x axis is
I, = M.L of rectangle (1) about x-x axis + M.l of rectanlge
(2) about x-x axis.

= [lgeir1+a Y 1— ¥ D21 g1 pptas(yo— ¥ )?]
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=[2.81x 109+1500(75-48.75)?]+[7.5% 103+900(5—48.75)4]
= 3.84x106+].73x%10%
I, = 5.57x10°mm* (Ans)

3.To find moment of inertial about centroidal y-y axis (Iyy)

Iy, = M.L of rectangle (1) about y-y axis + M.I of

rectanige (2) about y-y axis.

= [Iself (Ta (x |—x )2]+[lseli'2+32(?c2"f )2]
=[12.5%10%+1500(5-23.75)][60.7.5x103+900(55-23.75)?]
=0.539%106+1.486x10°

I,, = 2.025x10mm? | (Ans)
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4) To find prul:hu:t of mertm (Ixy) :-

Product le inertia of gwen section is
I}‘{T = [Iﬁ] 'y, -+ EI}E'}'” + [[H:'FE' + Ezﬁg}'z}
where,
X; L Xo', ¥y 'and y, 'are the axes of symmetry.

0 o

Ixj'}rll= . : xET}"E.
= [0 + 1500%5x75] +[0+900x55x5]

= 0.5625=10° + 0.2475=10°

I, = 8.1x10° mm* (Ans)

= {
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5) To t..d principal moment of inertia:-

The principal moments of inertia is given by

2
[y — 1
— lax tlyy xx " lyy 2
Imax, min ~ i'-j( - ) + Iy

_ SSTx10°+2005x10° J[Sj?xlﬂﬁulﬂﬁﬁxlﬂﬁ
2 i 2

)+{a.|£<mj)1

- =3797x10% + 1.948x106
| =3797x108 + 1.948x106 = 5,745x10° mum*
[ =3797x10 - 1.948x10° = 1.849x10° mm* (Ans)
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. Locate the centroid of the area shown in figure below. The dimensions are in mm. (AU
JUN’10,DEC 11)

w —
-

-
(2&

H \'—_.
. 5 L8

o {0

9o

The given section is not symmn- ‘rical about any axis lence, we
have to find the values of x and 3. Split up the arca into square,
triangle and semi-circle as in fig . T'he arca is obtained by adding

Solution : square and subtracting both the triangle and semi - circle.,

The calculations are shown in the following table,
100

a—otl ) ' d
:|: Tenteon P | 100
4 «——22Y 5],
25 AD _____ H [
1@ 25
100k G
100 1
150, —%—(F Q 100
o - !
a
50 @ 31
25 Ng
[ 150 - : Q- 150 B D
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CINSTITDTIONS;

s Componen}) Arvren Distance Distance of nx ny
N¢. ‘at centroid centroid
from -2 from 1-1
(mmn*) *XT (amram) *¥* Crmavm) (2 ®) (mm*)
o X 150 150
1] Sqguwre 150x150 > 2=C v 1687 . 5100 IGR7.5x10)
ABCD =22 .5x10* = TS5 e 7S
“'.2 . Srv 100
2.] Semi Circle _— 150 — == ——— 25
. 3
- sO2
- —L’;—-L =150 2232 | g -505.71x10* | -294.525x10°
- -3927x10° - 128.78
. 1 |52 h
3. Iriangle -5 bh 35 150 — 3 ~41.662x107 | -201 665107
1 S50 100
7 - — - 150 — ——— .
Al > x50x100 3 3
-2 . 85x10° 1666 “w 116.606
=n ax ™ oy ™
16,073 x 10 1140 12x310° I01.31x10*
Centroid distance from 2-2 axis,
> 2. ax
- =a
1140123107
= 35 = T70.93 mxmm{(Ans
16.073=10° * ¢ >
Centroidal distance from 1-1 aaxis,
i S I
> n
1101.31>10"" ==
= = Y = 683.5Z2Z mm (Ans)

16.073 5107
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. Find the polar moment of inertia of a T section shown in Fig 5 about an axis passing
through its centroid. Also find the radius of gyration with respect to the polar
axis. (Dimensions in mm) (AU JUN’09)

300

¢
A

ko

280 Solution:

The given section is split up into two rectangles as shown
in the figure. Let 1-1 and 2-2 be'the axis of reference. The
calculations are shown in the table.

©
80y | soom |
@ s
& -
@ ©
O somm
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Centroidal | Centroidal I ahout bt
: STy wlf” .
Component :\m Distance |* Distance = ni‘x}r’P centdr:;dal axis| centroidal axis
‘o’ (mnv’) from-1-1 | {rom2-2 (mn (mnr) S y-y mm*
axis ‘x' (mm) | axis ‘y’ (mm) : : 3
M |30 | 300 30 360 | 33690 b 300x80° d"is""[ioo .
ey ' T 12 2
Rectangle | =24x10° —=I50 | 00 P
- } 12810 =180x 108
=140
| A 5| db®  100x80°
0 | 10080 300 100 Ui | 0axior | b 80x100° -
Rectangle =8x10° - =130 _.;=5C 12 12 12
) i} 647106 =426x10f
Za: Zal'= Za}’ =
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To find centroid:

Distance of centroidal axis y-y from 1-1 axis
Sax _ 4.8x10°
Za 32x10°
Distance of centroidal axis x-x from z-z axis
Zay 3.76x 10°
Za  32x10°

To find moment of inertia about centroidal x-x axis.

% |
I

= 150mm

= 117.5mm

<l
Il

M.1. of the section about horizontal centroidal x-x axis is

L™ M.I1. of rectangle(1) about x-x axis — M.I. of rectangle(2)

about y-y axis

' =|:.‘se|,r'l +a) (;—Yl)2]+ ['sclfz +aj (?—Y2)2]

= [1.28% 100424 103(117.5—140)%] +
[6.67%100+8%103(117.5—-50)%]

=24.95x<106+43.12%10°

I, = 68.07>%10° mm*
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To find moment of inertia about centroidal y-y axis.
M.I1. of section of about vertical centroidal y-y axis is

l},_), - 1. 1. of rectangle(1) about Y=y axis — M.I. of rectangle(2)
about y-y axis

== - 2
=['scli‘l + oy (x -"‘1)2]4r []selfg +as (x —x3) ]

=[180x100+4+24%103(150—-150)] +[4.26% 196+8x 103¢150—-150)?]
=[180x10°+4.26x10°]
I’,y = 184.26><105 mm?

To find polar moment of inertia:

Polar moment of inertia of given T-section is
L B G

J=68.07%10°%+184.26x10° =252.38 mm*
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To find radius of gyration with respect to polar axis:

Radius of gyration about x-x axis

6
K =1I—I=“"‘ =JGE.I}?HID = 46.12 mm
H—X 3 .
2a 32x10

Radius of gyration about y-y axis.

- /I 184.26 < 10°
=, = = 75.88 mm
Ky-y Ta \? 32 %10°

Radius of gyration about polar axis is

_ 2 2
KP = Jl{xx + l{ﬂ,

= J(46.12)? +(75.88)%

K, =88.79 mm  (Ans).
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Calculate the centroidal moment of inertia of the shaded area shown in figure below. (AU
DEC’09,JUN’12)

y
' @
30mm
15mn
@ Q@ @
O z T
F I5mm | 30mm 15mm_
Solution:

The given area is split up into various sections as shown
in figure. Let OX and OY be the reference axis.

The calculations are shown in the table.
i. To find centroid:

Distance of Centroidal axis YY from O - Y is

_  Zax _ 29.89x10° _
X = == = 2—— =30mm |
2.a 996.57 | 5

S 30mnt
15m
@ / %)\ @

o l x
1 5mm 30mm I5mm

23MET203 /Engineering 63/90

.
nisrc
11T




QPQA 14 marks questions

Component | Area -a Centroidal Centroidal ax ay Iseif about |* Iseif abf)ut
mm? distance distance mm? mm? XX ‘axis ¥y axis
from 0-y axis | from 0-x axis mm? mnt
X (mm) y’ (mm)
R : 3 3 3 s 3
Rectangle | 3030 | 30, 5 39| 30_ . 27x108 | 13.5%105 | 4T _30%307| db” _30x30
) - 2 : 2 12 12 12 12
= 67.5%10° = 67.5x103
) ol 2
Tnang]e —x15x30 -5)(6-: 4_30 3 o “03 ; o
@ o | 3g 373 | 225107 | 225%103 |- BT _15%307} ab” _ 30x15
=225 :X|3=IO =70 16 36 36 36
c = 11,250 = 28125
Triangle | 1< - 4 3
&), QX_';;;O 3 P30+ 3010 | n2sae | 225¢10% '5’f3°3 30x15
B =50 3 36 36
: = 11250 = 28125
Semicircle | S1x15° 30,0 4y 4x15 :
i We s 3 0.11v4 4 4
@ 2 o v 3m |(10602x10%) (225x10%)| e xd?  ax30
‘ = 19.88x10°
: Tax= Zay=
Za= 99657 29.89x103 | 15.75%10°

23MET203 /Engineering
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Distance of Centroidal axis XX firom O - X is

'Z + 3
-y, Aa.vax] = ]15.8 mm

Y >a 996.57

To find momentof Inertin about X - X axis:
M.l of entire section about X - X axis,

I = M.I of Rectangle (1) about x axis+ M.I of
triangle (2) about x-x axis + M.l of triangle (3) about
x-x axis — M.l of semi circle (4) about x-x axis

= [Iseclf] +a;(y —y1)2]1+[Iseclfs +as(y — y2)?]

+[Iseclfy +a3(;— Y3 i ]+ [Iselfy +34(;— )’4)2]

= [67.5 > 103 -+ Q00(15.8-15)2] -+ |[11250 -~
225(15.8—-10)2]+ [11250+225(15.8—-10)2] —
[5.56>%1034+353.43(15.8 — 6.36)7]

= 68076 - 18819 + 18819 — 37055.42
- 68.65 > 107 mm* (Ans)
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Two trains A and B leave the same station on parallel lines. A starts with a uniform
acceleration of 0.15m/s? and attains the speed of 24 km/hour after which its speed
remains constant. B leaves 40 seconds later with uniform acceleration of 0.30 m/s” to

attain a maximum of 48 km/hour, its speed also becomes constant thereafter. When will
B overtake A.(AU,Dec’11,JUN 12)

Solution :
Consider the motion of Train Ac:

Initial velocity, u = 0
Final velocity, NV == 24 km/hr
24 %1000 : 2
== 3600 = 6.67m/s~
Acceleration, a = 0.15m/s?

T= time taken when the train 2 will overtake the train A
from its start.

t. = time talken by train A to attain a specd of 6.67 m/s?
vV = u +a t,
6.67 - O0+0.15 t_
ta = 44.67 sec
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S‘ = u i/\+ 5 a t,

1
S, = 0 + = 0.15=<44.67)?
S, = 150m

Since the train B leaves 40 seconds later, so that the train
A has travelled (T+40) sec.

Distance travelled by train A in (T+60) sec,
By =8, & VI(TH+60) —t |
By = 150+6.67[(T+60) —44.67]}

...... 1)
Consider the motion of YTrain B
Initial velocity, u = O
Final velocity, V = 48 km/hr
iy S TE 00 =13.34 m/s
3600
Acceleration, a = 0.30 m/s?
ty = time taken by train B to attain a speed of 13.34 m/s.
v = u + a t,
13.34 = O I.3t,
t = 44.47 sec.
Distance travelled by train B in 44.47 sec.
S, = utg + a t,?
S, = 0 + % 0.3 =<(44.47)2
S, = 296.63m

Distance travelled by train B in T seconds is

S = S, + V(T —ty3)

VS
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S, = 296.63+13.34(T —44.47)~44.67] .....(2)

At the instent, when train B overtake trains will be equal.
Hence

Sy =85
150 + 6.67 [(T+60)—-44.67] = 296.63+13.34 (T—44.47)
150 + 6.67T+400.2 -297.94 = 296.63+13.34T -593.22
6.67T+252.26 = 13.34T -296.59
6.67T = 548.85
T = 82.28 seconds  (Ans)
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Car A accelerates uniformly from rest on a straight level road. Car B starting from the
same point 6 seconds later with zero initial velocity accelerates at 6m/s? .It overtakes the
car A at 400m from the starting point. What is the acceleration of the car A? (AU, Apr’11)

Given :
Initial velocity of car A, u, =0
Initial velocity of car B, ug = 0
acceleration of car B, a;; = 6m/s?
Distance travelled by car A and car B, S,=S5 = 400m
To Find :
Acceleration to car A, a,= 7
Solution :
Let “t,’ be the time taken by car “A’.
Since the car ‘B’ starts 6 seconds later, the time taken by
car B is, tg = 1, —6
Consider motion of car ‘A’ \

1

- ok 2

23MET203 /Engineering 69/90

.
nisrc
11T




QPQA 14 marks questions | -8

at,? = 800 L s 1)

Consider motion of car ‘B’

I
= | — 2
SB upty + > apty

1 .
400 = 0 + = *x6(t, —6)?

2
goo .,
T =T +36 — 12 ta
s S e -

Solving we get, t,=17.54 sec.
Substituting t,=17.54 sec. in eqn. (1)

a,(17.54)2 = 800
a, = 2.6 m/s? - (Ans)
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A stone is dropped into a well . The sound of the splash is heard 3.63 seconds later.How
far below the ground is the surface of water in the well? . Assume the velocity of sound as
331m/s. (AU, Apr'11, Dec ‘12)

Given:
Velocity of sound, v = 350 m/s .
Initial velocity, u = 0 )
Solution:
Let t = time taken by stone to reach bottom of well

Depth of well is

' 1
h = ut + —gt?
g Bt

1 .
= Q + — *x 98] x t<
¢ 2
h=49¢ e 1)
We know,
Time taken by sound to reach the top

Depth of well
Velocity of sound

I
350
_. At
350
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It is given that,

Total time taken — 3 scconds
Total time — time taken by stone to reach bottom ol well

Fotime taken by sound to reach the
top of” well.

P oL ]
3 =t - a2 X
350
1050 = 350t + 4.9 :2
4.9 t2 + 3501 - 1050 = 0O
oo — B0 J_\/(35('))2 45 4.9(-1050)
- T 2% 4.9
_ 350+ 378.26
0.8
it = 2.9 scconds

Substituting, the valuc of “t° in equation (1) we get,
h = 4.9 (2.9)%
h = A41.2Z1m (ANns)
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Block P of weight 100N and block Q of weight 50N are connected by a rope that passes
over a smooth pulley as shown in figure. Find the acceleration of the blocks and the
tension in the rope, when the system is released from rest. Neglect the mass of the pulley.
(AU, Apr'11, Dec’12)

Given
Weight of block P, W,=100N
Weight of block, Q, WQ=50N
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To find
|. Acceleration of blocks, a = ?
2. Tension in the rope, T = ?
Solution
Let “1” be the tension in the ciring.
Since the weight of block ‘P’ is larger, it will moves
downward and the block ‘Q’ moves upward.
Considering the motion of block “‘Q7:-
The various forces acting on block “QQ” is shown in figure.

Resol ing forces vertically,

>F_, =0
Y } o
']'—SO—mQa = 0 ‘ IMation
Q

) 50 lM a

pecke e - — Q
=20-gar 2 0 LoV

T = 50+5.09a 2 & el (N

Considering the motion of block ‘P’

The various forces acting on block ‘P’ is shown in figure.

Resolving forces vertically,
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>F,. =0
Y ) tT
I—SO—mQa =0 Thistisn
50 r 2 1
L ¢ ¢ D e D - MQa
T80-gare =2 JSOV
T=50+509a ... (n

Considering the motion of block ‘P’

The various forces acting on block ‘P’ is shown in figure.

Resolving forces vertically,

T
Z2F, =0 Jotion ,
" T+m a-100 =0 PD:]I o
THgorxa-100 =0 IR
T =100-10.19a ... (2)
Solving equations (1) & (2) we get
50+5.09a = 100-10.19a
15.28a = 50
a = 3.27 m/s? (Ans)

Put a = 3.27 in equation (2), we get
T 100-10.19 (3.27)
T = 66.67 N (Ans)
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A 2000 kg automobiles is driven down a 5° inclined plane at a speed of 100km/h when
the brakes are applied causing a constant total braking force (applied by the road on the
tires) of 7KN.Determine the distance travelled by automobile as it comes to a stop.

(AU, Apr'11, Dec’12)

Given:

Mass of the automobile, m =200kg
W = 2000x%9.81=19620N =19.62kN

Initial velocity of car, u = 100km/hr
100 %1000
R e, 27.78 m/s

Final velocity of car, v = 0
Total breaking force, I' = 7 kN

To find: I
Distance travelled by automobile, x. VOQ‘\O“ _
?oé\\"o“ 1
Solution: /x,/

To find work done:
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Total work done

= [Force component parallel to
planexdistance travelled]

= |Breaking forcexdistance travelled] S S
= [19.62 sin5°=x] — [7xx] o el

= 1.709x — 7x i

— _5.291x I

To find change in kinetic energy :
Initial Kinetic energy of automobile at position 1,

m le

e
==

i
2

1
5 =2000=27.782

77.1.72=103 Joules.

Il

Final Kinetic energy of avotmobile, at position 2,

1
mu? = 5 = 200020

Joules
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Change in E{irﬂic Energy = Final Kinetic Energy—Initial Kinetic Energy
= 0-771.72x%10°
= —771.72 K.
by work energy principle
Total workdone = change in Kinetic energy
—5.29/x = —T71.72

x= 1458 m (Ans)
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A block and pulley system is shown in fig below. The coefficient of kinetic friction
between the block and the plane is 0.25. The pulley is frictionless. Find the acceleration of

the blocks and the tension in the string when the system is just released. Also find the time
required for 200kg block to come down by 2m. (AU, Jun’09,DEC 11)

Given:

Weight, m, = 180 kg

w; = 180x9.81 = 1765.8 N
m, =200 kg

W, = 180x9 .81 = 1765.8 N

Co-efficient of friction, K = 0.25
distance, s =21m
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1.Acceleration of blocks, a = ?

2. Tension is string, T'=?

3. Timerequired, t="7
Solution:
1) To find acceleration of blocks:

JLet “T’ be the tension in the string,.
Considering the motion of 180 kg block

The 1:01'ce$ acting on 180 kg block is shown in the figure.

Resolving forces horizontally, T —mia— WN— 1765.8 sin30Y =0
-l i pandl ¥ g . b —

T—180a—0?“N-8829=0 e 1)
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Resolving forces vertically,
=ty =0,
N— 1765.8 cos30°;
N=1529.22N
Put™N = 1529.22 in eqn. (1)
T— 180a—0.25(1529.22) —-882.9—=0
T —180a= 1265.205

Considering motion of 200 kg block, The forces acting on
200 kg block is shown in figure.

T

" 1,;!

l motion

1962

Resolving forces vertically

T+m,a- 1962 =0

T+ 200a= 1962 e (3)
Solving cqns. (2) & (3) we gret

a = 1.833 m/s?

23MET203 /Engineering

.
e
T1T 1%

81/90




QPQA 14 marks questions

1T 7151=5

2) To find tension in the string
Puta= 1.833 in eqn. (3),
T+200 (1.833)= 1962
T = 15954 N (Ans)

3) To find time required.

Since the blocks starts from rest, its initial velocity, u=0
using relation ‘

1
s = ut +—&12

2 = 0+-;>.<9.81><t2

t = 0.638 seccomds (Ans)
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A ball of mass 2kg, moving with a velocity of 3m/s.impinges on a ball of mass 4 kg moving
with a velocity of 1m/s.The velocities of the two balls are parallel and inclined at 30°to the
line of joining their centres at the instant of impact. If the coefficient of restitution is 0.5,
find (AU,Dec’09, Jun’10)

(i) Direction, in which the 4kg ball will move after impact;
(if) Velocity of the 4 kg ball after impact;
(iii)Direction, in which the 2kg ball will move after impact;

(iv)Velocity of the 4kg ball after impact.
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Given:

Mass of first ball, m; = 2Kg
Mass of second ball, m, = 4Kg
Initial velocity of first ball, U, = 3m/s

nitial velocity of second ball, U, = m/s

Angle made by first ball with line of impact, ¢ = 30°

Angle made by 2™ ball with line of impact, B =30°

‘

CoefTicient of restitution, e = 0.5
Solution :

w, = Im/S

w, = 3Im/S

Line of impact
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Final velocity of first ball after impact = V,
Final velocity of second ball after impact = V,
Angle made by first ball after impact =0
Angle made by second ball after impact = ¢

The components of velocity of each ball perpendicular

to line of impact before and after impact is same.

For Ball 1,

Vertical component of initial velocity = vertical

component of final velocity.,
U, Sine =  V,Sin0

3 Sin30° = V,Sin0

QPQA 14 marks questions

Solution

w, = 3m/S

Let,

1T r1915
Angle made by 2"9 ball with line of impact, B =30°

CoefTicient of restitution, ¢ = 0.5

u, = Im/S

Line of impact

\ v,
Final velocity of first ball after impact = V,
" Final velocity of second ball after impact = V,
Angle made by first ball after impact = 0
Angle made by sccond ball after impact = ¢

The components of velocity of each ball perpendicular
to line of impact before and after impact is same.

IFor Ball I,

Vertical component of initial velocity = vertical

component of final velocity.
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UzSilTB = VzSin(b
1 Sin30° =  V,Sind
V,Sing - 0.5 k2D

By law of conservation of momentum,

Momentum before impact = moment after impact.
MU COSL+ Moty COSB = MV CcosO +maVy cos ¢
2 % 3% c0830° + 4 x 1 xcos30°= 2vycosd+ 4vp cosd.
2v,cos0+4v, cosdp = B.66
vycosO+2vycosg = 4.33 ' 5653

Co-efficient of ro.stitution is

v, cosh — vy cosO
U, cosoL— u, cosfl

e o=

vV, cosh — vy cosO

0.5 '
3cos30° —1cos30°

0.5 [3 x 0.866 — 1 x 0.866]'= v, cosd— vycosd

Vs cOsd — vy cosO =  0.866 e (4)
Adding equations (3) & (4), we get
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i)

3vs cosdd = 5.196
Vo cOosd - ].732 S g |

To find direction in which 4d4dkg ball move =after
impact: : ‘

Dividing cquations (2) by (5)

2) Vasing 0.5
(5 77 wvaeosé¢ T 1.732
tan ¢ = 16.1 (Ans)

To find velocity of 4Kg ball after impact,
Put ¢ —=16.1 in eqn. (2),
Vo s5in16.1 - 0.5
Vo == 1.803 m/sec. (Ans)

To find direction in which 2 Kg. ball move after
impact, $

substituting the values of ¢ and Vs in eqn. (4)

1.803c0os16.1 —v;cos0O = 0.866

v, cosO = 1.803cos16.1—0.866
v, cosO = 0866 = .. {(6)
1) vy sin® : 1.5
(6) F—r v cos0 - 0.866
tan©® = 1.732
O = 60 {(Ans)-
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iv) To find velocity of 2kg ball after impact.

Substitute 8 = 60° in eqn. (1),

v, sin 60°

Vi

1.5

1.732 m/scc.

(A:ns)
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Thank you
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