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B.E.
Third Semester Examination, Dec.-2007

Engineering Mechanics (ME205E)

Note : Attempt only FIVE questions. All questions carry equal marks.
Q. 1. (a) Solve for the reactions at four points on the two cylinders of radii 300 mm and 150 mm

show in fig.

Ans.

==

From free body diagram,
R cos8 =50
Rysinfl= Ry
Ry sinf = R, sin60

R;cos60+ Ry = RjcosB+ 150 150N
Solving the above equations .
R)=6345N, R; =45N. R;=1775N, Ry = 39N
). 1. {b) Find the moment of S5kN force about A as shﬂwr! in the fig,

5345

I 0.25m
0.45m

Ans. Moment =5cos45x 025+ 3sind45 = 045
=2ATKNM
Q. 2. A truss of Bm span is loaded as shown in fig. Find the forces in the members of the truss by the

-

LY

o
¥

method of sections.
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Ans. Faking mon onts about 12,
Ryxl0=7Tx75+9=35

" R._i,. :?SHN
Rﬂ' ="}+? ?5
=B5KN

Faking section {1101} a8 shown,

Fopcos30+85=9 = Fop =057TKN (compressive)

Fut. _F[“"l']"-[]ﬁ - F‘_E‘ sin30 & RD 25 = FDE :-:4_33
= ] FDL =48 KN{TEHH”&} ' F[.K_. =4 6KN {cﬂmpfcssfm)
Fep cos60 + Fe |
Fipp = LE_JE‘J =97KN (compressive)

sin30
Faking section (2)=(2)

Farc0s30+75=7 = Fpp = -057TKN =0577KN (Tensile)

FHL' = FAE + FHE EUS'&“ = F."iE 74.3 KM llmsliﬂ]

. 7+0577cos30
Fan = T 866 KN (Compressive)

(). 3. (a) A square hole is punched out of a circular lamina of radius 3m, a diagonal of such a square
being afong any radius of the circle with one vertex at the centre of the circular lamina. The Iength of
”'Il.’ said l“-i‘lﬂﬂﬁill i% L'l.'l'l]ﬂl (1] ﬂ'lf I'Hdills 'ﬂ'[ l'.'irf“.lﬂr Iﬂmi!'lﬂ_ F[nﬂ the centre D.I' gm‘l“}r nf the "malnﬁer_
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Ans. Radws of circle
Diagonal of square

ad Lad
g 3
-

Side of square =—=m S e

by [

Let X, be distance of centre of gravity from Y-axis

_.nah|>i.|+.'ﬁ|.'_|\'.'|f
L
nmwwh[—@ ][]
= e a7/ 4
) id {
s (3) Oz -G/(2
7(3) - 3
=0.285

Q. 3. (b) A body consists of a right circular solid cone of height 22 em and radius 16 em placed on
a solid hemisphere of radius 16 em of the same material. Find the position of centre ol gravity.

Ans. Let Y, be distance of CG of body from ‘X' axis.

V. o Viyy+Vays
5 V) + Vs
5«16
Mow \-’I :3;—”3_ ¥l =r=3r/8=5r/8= KT ={0¢cm
2
= V== xnx (16)" =85786¢cm’

22 em
5
“

n s n2
Vy=5rth=—x(16) x22= 5897 8cm’

h Ioem

22
+=r+—=1+—=215cm d
¥z 4 4

85786 10+5897 8« 215
Yo = TTg5T86+ 58978
(). 4. (a) State and prove the theorems of parallel axis and perpendicular axis,

= l468em

Ans, Theorem of Parallel Axis {or Transfer-Formula) : The theorem of parallel axes states | "The
moment of inertia of a lamina about any axis in the plane of the lamina equals the sum of moment of inertia
about a parallel centrondal axis in the plane of lamina and the produet of the area of the lamina and souare of
the distance between the two axes." _

In fig., is shown a lamina of area A. Let LM be the axis in the plane of lamina about which the moment of
inertia of the lamina is required to be found out, Let XX be the centroidal axis in the plane of tIu: [rminn and
parallel 1o the axis LM. Let 'h’" be the distance between the two axes XX and LM.
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It may be assumed that the lamina consists of an infinite number of small elemental components parallel
1o the axis XX. Consider one such elemental component at a distance y from the axis XX. The distance of the

elemental component from the axis LM will be the (h+y) accordingly as the elemental component and the
axis .M are on the opposite sides of XX or on the same side of XX.

Elemental
Area dA
Y & Lamina of Area A
x T k—:j—) x

i M

Moment of inertia of the elemental component about the axis.

"
LM =dA(hty)

. Moment of inertia of the whole lamina about the axis LM
= Iy = ZdA(h+y)?
= ZdAh? + ZdAy? +2EdAhy
= h’ZdA + ZdAy? +2hEdAy
Bur. TdA = A . h2EdA = AhZ
LdAy?® = Moment of inertia of the lamina about the axis XX

ZdAy =0 since XX is a centroidal axis
liw = Txx[ﬂl‘lﬂ}+ﬁh2

Theorem of Perpendicular Axes : The theorem of perpendicular axes states : "If Iay and 1., be the
moments of inertia of a lamina about mutually perpendicular axes OX and OY in the plane of the lamina and

I3, be the moment of inertia of the laminal about an axis (OZ) normal to the lamina and passing through the
point of intersection of the axes OX and OY, '

Then lis = Lo "‘lny

Refer fig. Let OX and OY be the two mutually perpendicular axes lying in the plane of the lamina. Let OZ
be axis normal to the lamina and passing through O.

Consider an element component of area dA of the lamina. Let the distance of this elemental component
from the axis OZ, i.e., fram O be r.

- Moment of inertia of the elemental component OZ,

=dA xr®
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J\Y
dA
’
¥
0 N
If the co-ordinates of the elemental components be (x, v) referred to the axes OX and OY, we have
(2 =x2 4yl

Moment of inertia of the elemental component about the axis OZ,

= d.&{nz + }rz}

= dAx” +dAy®
o Total moment of inertia of the lamina about the axis OZ.

= Iy, = E(dAx? + dAy?)

= ZdAx" + ZdAy”

= oy + Loy

Q. 4. (b) Derive an expression for moment of inertia of a semi-circular lamina of radius R.
Ans, !

We know that the moment of inertia of a circular lamina about a diameter LM
/
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_ar*  ap’
T4 64
© Maoment of mertia of the semi-cirele about LM
I " Rk l_TtD_d
M=% - 128

Let XX be centroidal axis parallel to the base LM, Let h be the distance between the axis XX and LM. We

[ave
4R

h=
in

N 2D
3

By theorem of parallel axis, we have

4
]J M= |_\‘_.i +Ah~

nRt ar? ARy :
= IN'\ + o[ —
8 2 In
From whicl LS
ST Wachn ) e —
Y E 9“2
i3 I IER4 ER4
il - el e e
o 8 G
R Ly =011R®

(). 5. Two guns are pointed at cach other one upward at an angle of 30° and the other at the same
angle of depression the muzzles being 40m apart. 1T the guns are shot with velocities of 320m/s upwards
and 280 m/s downwards respectively, find when and where the shots will meet.

Ans, Let shots meets at P after t seconds.
Hurizontal distance between A & B,

: AC =40cos30=3464m
Horzontal distance covered by shot fired from A in t seconds

x=AD=320c0os30=1=27713¢ A
Horizontal distance covered by shot fired from B in t séconds

DC =(34.64 - x) = 280 cos30x t = 2425t i)
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Adding (P& (i)
34.64 = (277,13 + 2425)t = 51961
= t =3464 /519 6=006Ts
Moy,
' x = Veosa » t = 320c0s30 % 0.067 = 1856m

: l
y=V¥sina =l —;gll '

o o
= 3505in30% 0.067 - x 981x(0067)°

= [0.66m

Q. 6. (a) A sphere of mass 0,25 kg is attached to an in estensible string of the length 1.5m, whosc
upper end fixed to the ceiling, The sphere is made to describe a horizontal circular of radius 0.5m.
Determine : () The time taken for one revolution (b} The tension in the string.

Ans, Let T be the tension,

4 05 LSS
=cos —

|5

R
8 =cos IT

=705
Tsin® = mg

.. D25x98]
- F=—
sin 705
=26N
1 mg
Time period, t=—

Teos®  [26c0s70
Tcns-:}:mwlr W= |r =J. cos 710.5
V mr 02505

/
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= w=2063rad /s

o 1 =024 seconds.
Q. 6. (b) State and explain the D' Alembert's principle for the motion of rotation.
Ans. The IV Alembert's principle can be stated as follows ; "When internal or external turning moments

of torque acts on a system having rotating motion the algebraic sum of all the torque acting on the system
including the inertia torques taken in opposite direction of angular acceleration is zero,”

l.et us consider a disc of moment of inertia | rotating at an angular acceleration o under the influence of
torque T, acting in clockwise direction. The inertia torque = lo will act in anticlockwise direction.

As per YAlembert's principle

T-la=0
This is known as dynamic equation of equilibrium for rotating system on lines of equation.
TM =0 for static equilibrium,

). 7. Explain the principle of Virtual Work. Solve the bean for reactions at supports shown in fig.

{4), by virtual work method.
S0N
400N '
A l A“" B
T+—T—+|T:|1Tr
Ans. The principle of virtual work may be stated as : The work done on a nigid body or a system of rigid

hodies in equilibrium, when acted upon a set of forces, is zero for any virtual displacement compatible with the
constraints on the system,

R,.!., Rl:l

8 _Ba By
3 4 5
3 4
8, =28 Boms
= C 5 b d 5 h
Total work = Rg %8y - S0sin605, ~ 4005, +R 4 x0

4
= Rpg %8y —Sﬂrsinﬁﬂx;ﬁb =400 x %ﬁb

According to principle of virtual work
0= RE xﬁh —2?4.6#51:


http://studentsuvidha.in/forum

downloaded from http://studentsuvidha.in/

> Ry =274.64N

Ry =400+ 505in60-274.64 = 168.66N .

(. 8. Discuss the following with suitable examples :

(a) Principal moments of Inertia

(b) Static indeterminacy

ic) Coriolis forces.

Ans. (a) Principal Moment of Inertia : If the two axes about which the product of inertia is found are
such that the product of inertia becomes zero, the two axes are called principal axes. The moment of inertia
about principal axes is called principal moment of Inertia.

(b) Static Indeterminacy : A structure is statically indeterminate when the static equilibrium equations
are not sufficient for determining the internal forces and reactions on that structure,

For a beam ABC as shown the ervilibriom equations are

V=0 F
V, ~Fy + Vg + Ve =0 - = c
i dd Ha 7o ritr r

HA—Fh=u F—’a

F,.a—Vgla+b)-Ve(a+b+c)=0

Since there are four unknown [?A +¥p, Vo and H h] but only three equations are available. Hence this
system cann’t be solved by simultaneous equation. The structure is therefore classified statically indetermi-
nate.

{¢) Coriolis Forces : The Coriolis effect is an apparent deflection of moving objects when they are
viewed from a rotating frame of reference. The Coriolis effect is caused by Coriolis force which appears in

equation of motion of an object in rotating frame at reference. In rotating frame, the Coriolis force depends on
the velacity of moving object and centrifugal force.

The vector formula for the magnitude and direction of Coriolis acceleration is
i, =-2wxW
The cquation may be multiplied by the mass of relevant object to produce the Coriolis force.

F. ==2mwx V.
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