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Applied Mechanics

Time : 3 Hrs.] Prelim Question Paper Solution [Marks : 70
Q.1  Attempt any FIVE of the following : [10]
Q.1(a) How will you find whether machine is reversible or not? [2]
Ans.: By calculating the efficiency of machine, we can decide whether the machine is reversible or not.

If %n < 50% machine is non-reversible i.e. self-locking machine. [2 marks]

If %n > 50% machine is reversible.

Q.1(b)Differentiate between statics and dynamics. [2]
Ans.: Statics is the branch of applied mechanics which deals with forces and their action on bodies at
rest. [1 mark]
Dynamics is the branch of applied mechanics which deals with forces and their action on bodies in
motion. [1 mark]
Q.1(c) State Varignon's theorem. [2]
Ans.: Varignon's theorem states, "The algebraic sum of moments of all forces about any point is equal to
moment of resultant about the same point”. [1 mark]

Let, ZMFA = Algebraic sum of moments of all forces about point A
MRA = Moment of Resultant about point A [1 mark]

Then, ZMFA = MRA

Q.1(d)Define Simple Machine. [2]

Ans.: Simple Machine [2 marks]
It is a device used in lifting a heavy load applied at one point by applying comparatively smaller
force called effort applied at another convenient point.

Q.1(e)Define force and write its S.I. unit. [2]
Ans.: Force [1 mark]
It is an external agency either push or pulls which changes or tends to change the state of rest or
of uniform motion of a body, upon which it acts.
S. I. Unit of force - Newton (N) [1 mark]

Q.1(f) State Bow's Notation. Where it is used? [2]
Ans.: Consider a force of 100 N is acting on a body. In this method, capital letters P & Q are marked on
both side of line of action of force. A force of 100 N is now read as PQ as shown below in space

diagram. ® C - 1o0n [1 mark]
@

To represent a force of 100 N graphically, pq is drawn

SPACE DIA.
parallel to PQ as shown in vector diagram.
P q
, — . . I 4
Use: Bow's notation is used in graphical method to indicate < {
VECTOR DIA.
the force. [1 mark]
SCALE=1cm=25N
Q.1(g)List the conditions of equilibrium for co-planer non-concurrent forces. [2]
Ans.: Conditions of equilibrium for co-planer non-concurrent forces [2 marks]

1) ZFx=0i.e. Algebric sum of all the forces along X-axis must be equal to zero.
2) ZFy=0i.e. Algebric sum of all the forces along Y-axis must be equal to zero.
3) ZM=0i.e. Algebric sum of moment of all the forces about any point must be equal to zero.
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Q.2 Attempt any THREE of the following : [12]

Q.2(a) The velocity ratio of a certain machine is 50. Determine the effort required to lift a [4]
load of 1500 N if the efficiency of the machine is 40%.

MA
Ans.: %N = —~x100
ns n VR X
40 = %xmo [2 marks]
MA=20
But, MA = w
P
1500
20 = ——
P
P=75N [2 marks]

Q.2(b) In a differential axle and wheel, the diameter of wheel is 400 mm and that of axle are [4]
100 mm and 80 mm, if an effort of 50 N can lift a load of 1500 N, find V.R. and
efficiency of the machine.

2D 2x400
Ans.: VR = =
ns d—d,  100-80
VR = 40 [2 marks]
1500
ma =29 39
50
% = MA- 100 = 39100
VR. 40
%n = 75% [2 marks]

Q.2(c) A Weston differential pulley consists of a lower block and a upper block. The upper block [4]
has two pulleys, one of which has a radius of 125 mm and other has a radius of 115 mm.
If the efficiency of the machine is 40%, calculate the effort required to raise a load of
1500 N.
Ans.: D =2R=2x125=250 mm
d =2r=2x115=230 mm

2D 2x250
VR = b_d = 550230 =25 [2 marks]
%o = M><100
VR
MA=10
w
P
1500
10 = Il
P =150 N [2 marks]
Q.2(d)A double purchase crab used in a laboratory has following dimensions : [4]

Diameter of load drum = 160 mm

Length of the handle = 360 mm

No. of teeth on pinions = 20 and 30

No. of teeth on spur wheel = 75 and 90

When tested it was found that an effort of 90 N was required to lift a load of 1800 N
and an effort of 135 N was required to lift a load of 3150 N. Determine :

(i) Law of machine

(ii) Probable effort to lift a load of 4500 N
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Ans.: VR = ZDXNXNy_ 2x360x75x90
dxN,xN, ~  160x20x30

Using law of machine

P=mW+C
Putting values of load and effort
90 =m (1800) + C (D)
135=m (3150) + C . (if)
Solving simultaneous equations

m = 0.033
Putting value of m in equation (i) [1 mark]
90 = (0.033 x 1800) + C

C =30.6N
Hence, Law of machine

P=(0.033) W+306N .. (iii) [1 mark]
Using, eqn. (iii)

P=(0.033) W+306N

P = (0.033 x 4500) + 30.6

P=179.1N [1 mark]

= 50.625 [1 mark]

Q.3 Attempt any THREE of following : [12]
Q.3(a)What are the components of 60 N force acting horizontal in two directions on other side, [4]
at an angle of 30° each?
Fsinoo _ 60sin30
sin(a+PB)  sin(30+30)
_ Fsinp _ 60sin30
" sin(e+B)  sin(30+30)

Ans.: F; = = 3464 N [2 marks]

= 34.64 N [2 marks]

Q.3(b) Four forces of 30 N T, 40 N l, 70 N T and 60 | are acting in a series. Distances [4]
between the forces are 400 mm, 600 mm and 800 mm respectively. Find the moment of
a couple.
Ans.: [Diagram - 2 marks]
30N

FON
JL
A® T
4pomm|, 600mm 00mm
100D mm
1800

;

40N 6ON
Taking moment of all forces about 30 N force i.e. about point A

M = (30 x 0) + (40 x 400) - (70 x 1000) + (60 x 1800)

M = 54000 Nm (Clockwise) [2 marks]

Q.3(c)Forces of 2, 4, 6 and 8 kN act on regular pentagon as shown in Figure. Find analytically [4]
the resultant in magnitude and direction.

2 kN
__72°
8 kN
Ans.: >F,=8+6cos36°+4cos72°-2cos72°
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> Fx =13.47 kN [1 mark]
> F, = 6sin 36°+ 4 sin72° + 2 sin 72°
> F, =9.23 kN [1 mark]
R = ,/sz+z‘,r—‘y2
R = 13.477+9.23°
R = 16.33 kN [1 mark]
IF, _ 9.23
e = _Y= -
fan SF 1347
6 = tan (0.6852)
0 = 3442° [1 mark]
Q.3(d)A concurrent force system is shown in figure. Find Y [4]
graphically the resultant of this force system. < OO N
5~
‘\ --------- L
A0 N

1200 N
Ans.: € [2 marks each diagram]
a
d
1200N =
Space Diagram Vector Diagram
From vector diagram
/(ae) =4 cm
R = /(ae) x scale = 7.3 x 200
R =1460 N
Q.4 Attempt any THREE of following : [12]

Q.4(a) Six parallel forces of magnitude 1000 N, 1500 N, 1800 N, 2000 N, 2400 N and 2700 N [4]
are acting at 1, 3, 5, 7, 8 m from the 1% force. Forces 15, 3™ and 5™ are acting
upwards while other acting downwards. Find the resultant force analytically.

Ans.:
1ooON 300N 2900N
A Jr ‘r
im0 |
ya 3m
Sm
im
9 A
A .
ISODN 2000N };m;y
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1) Magnitude of Resultant
R =+1000 - 1500 + 1800 - 2000 + 2400 - 2700 = -1000 N
= 1000 N ({) [2 marks]
- ve sign indicates Resultant acts vertically downwards.

2) Position of Resultant
Considering Varignon's theorem of moment & taking moment of all forces @ about 1000 N force.
Let, R acts at x distance from 1000 N force.
Z MF = MR
(1000 x 0) + (1500 x 1) - (1800 x 3) + (2000 x 5) - (2400 x 7) + (2700 x 8) = R x x
10900 = 1000 x x
x =109 m [2 marks]
Hence, R must be located at 10.9 m distance from 1000 N force, so as to produce clockwise
moment.

Q.4(b)Find the support reaction of the beam graphically. See figure. [4]

2 kN 13 kN
l ' :I kN/m J :

N
Im  Im 2m Llm oo Im

Ans.: [2 marks]
2 kN 3kN
Ij ’[lkN/m l :
P " i i . Vo Vot Ve ¥, Yo a
i L im Zm g IM L 1)

(1X2=2KN) o

@l@ f@

Space DIA and Funicular Polygon : Scale = Im = 0.5m

Rp = /(ae)xscale

=3.2x1
Rp = 3.2 kN
[2 marks]
Rq = /(de) x scale
=3.8x1
Rq = 3.8kN
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Q.4(c) State and explain Lami's theorem. List limitation of Lami's theorem.
Ans.: Lami's Theorem

[4]
[1 mark]

It states that, 'if three forces acting at a point on a body keep it at rest, then each force is

proportional to the sine of the angle between the other two forces'.

P Q R

sino sinf  siny

Q

Limitations of Lami's theorem P

(i) This theorem is applicable only for three forces. R
(ii) This theorem is applicable when forces are concurrent.

(iii) This theorem is applicable only when body is in equilibrium.
(iv) This theorem is not applicable for non-concurrent force system.

Q.4(d) Find analytically the reaction at supports as shown in Figure.
5 kN

ke e

A 30°

4 AN B
._L_ 3 __|_ 4 m ﬁ

e 2 1M
it T — ]

Ans.: > M,=0
Taking moment of all forces @ point A
Rgx9+H5x2+5x5=0

35 =9Rp
Re =3.88 kN
Y Fy=0

Rasina-5-5+Rg=0
R4 sino = 6.12 kN

>Fx=0
Rscosa-8.66=0
R, cos o = 8.66 kN

4|R, sina 1 |6.12
= tan | AT 12251234990
* TTR cosa 8.66
Substituting the value of o in
RA sina = 6.12 kN
R, =10.68 kN
Rp = 3.88 kN
5kN 10sin30° 49 kN
:
R, cos a H 30°
Wwoosa A ¥ " - B
> 10 cos 30° Q,
Ry +—2m—»fe—3m »ie 4m Rg
)\ At
)

Rh sina

[1 mark]

[2 marks]

[4]

[1 mark]

[1 mark]

[1 mark]

[1 mark]
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Q.4(e) A simply supported beam of 4 m span is loaded with an u.d.l. of 5 kN/m for 2 m from [4]
left end and a point load of 30kN at 1m from right end .Find the support reactions using

graphical method.
Ans.:

Q.5 Attempt any TWO of following :

[2 marks]

[2 marks]

x10=25kN

uadsﬁunrtpshalsnﬁﬂh -

[12]

Q.5(a)A beam of span 4 m is simply supported at its ends. It carries concentrated load of [6]
15 kN and 20 kN at 1 m and 2 m from left hand support respectively. It carries U.D.L.
of 10 kN/m for 2 m from the right end. Determine reactions at the support.

K 2okMN
1 | ro KN/
A B

Ans.:

[ ¥a sl
] ‘[ fKN {7 XZ)
R" T . ¥ Rs
<t
1) Equivalent point load and it's position
Equivalent point load = Intensity of udl x span of udl
= 10X2
= 20KN

Position from equivalent point load from RA
=1m+1m+ Spanofudl /2
=2+ (2/2) =3m

[Diagram - 1 mark]
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2) Applying equilibrium conditions
T Fy =0 (T +ve, l-ve) and Z M = 0 (U+ve, U-ve)

ZFy=0
RA-15-20-20+RB =0 [1 mark]
RA + RB =55 KN -~ (1)
ZIMs=0
Taking moment of all forces @ point A
(RAX0)+(15x1)+(20x2)+(20x 3)-(RBx4) =0 [1 mark]
RB =28.75 KN
Putting value of RB in eqn. (1)
RA +28.75=55 [1 mark]
RA =26.25 KN

Q.5(b) A body of weight 150N is resting on a rough horizontal plane and can be just moved by a [6]
force of 50 N applied horizontally. Find the coefficient of friction. Also find magnitude
and direction of resultant reaction.
Ans.: Step 1
For limiting equilibrium
Y Fy=0,andX F, =0
>F, =0 R

50 -F =0 I v\(:'?-
50-uR =0 ' @
WR =50N  F=uR< > P =S0N Fe—] > P=50N
SF, =0 TIIPTITIV IR e Mo H—
R-W=0
R-150=0 W2 150N w2150 N
R =150 N [1 mark]
uR =50
u x 150 = 50
u=0.33

»
-

Step 2

To find the resultant reaction and direction,

For limiting equilibrium,

>F« =0

P-F=0
F=P
F=50N [1 mark]
Resultant reaction,

S = JF*-R®

S = 4/50? -150?

S$=158.11N [1 mark]
u=tan ¢

¢ = tan"(u)

¢ = tan(0.33)

5=18.43° [1 mark]
OR

_F
tan ¢ = R

_ (50
tan ¢ = (15()]

0= 18.43°
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Q.5(c)A heavy stone of mass 500kg is on a hill slope of 600 incline. If the coefficient of [6]
friction between ground and stone is 0.4 is the stone stable ? Justify.

Ans.:

Q.6

Step 1
For limiting equilibrium,
> F«=0,
R-Wcosa=0
R =500 x 9.811 cos 60°
R =24525N

Step 2
Friction force,
F=uR
F=04x24525
F=981N - (1)

Step 3
Component of weight down the plane
W sin o = 500 x 9.81 x sin 60°
W =4247.85 N .. (i)
Comparing equation (i) and (ii)
Wsino>F

Step 4

Q

[1 mark]

W= (500 x 9.81)N

[1 mark]

[1 mark]

The stone will slide down the plane because of its own i.e. it will not be stable. [1 mark]

Attempt any TWO of following :

[12]

Q.6(a) A solid cone of height 40 cm is placed on a cube of side 20 cm as T [6]
shown in figure. Locate the position of C.6. with respect to tip of the

Ans.:

cone.

1) Volume Calculation
Vi = 20 x 20 x 20 = 8000 cm®
V, = (1/3)nr?h = (1/3)n(10)% x 30 = 4188.79 cm®
V =V, +V,=12188.79 cm®

2) y calculation

h 40
4o 40-"F 230
h 2 ) cm

= 40+% =50 cm

Y1

<
n
|

_ Yyt Vo,
v
=36.87 cm

3)

<| X

40 cm

f

Cube 20 cm

1

je—=20 cm =3

U Lhmetay

40 Ty = 36.87 cm [1 mark]
£nl

[1 mark]

[2 marks]
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4

Q.6(b) Find the centre of gravity of composite
I'td
Sphere

le—— Solid
1 Cylinder
€— 400 mm —»

1) Figure is symmetric @ y-y axis and hence,
X = Maximum horizontal dimension /2

I

500 mm

Ans.:

=400/ 2
= 200 mm 7
2) Volume Calculation r
Vi = nr’h, = n(200)* x 500 = 62831853 mm’ 0.
Vo = (4/3)nr? = (4/3)n(150)° = 14137167 mm?
V= Vi+V;=76.96902 x 106 mm®
3) Yy calculation #~
Yy = 500 = 250 mm
Y, =500 + 150 = 650 mm
o _WtVLy,
LY
y =323.47 mm

@

solid w.r.t x and y-axis. See figure.
h

+— Line of symmefzy

Solidl
Spheze

| solidd
Oﬂfnd‘t’a

|

[6]

[1 mark]

[1 mark]

[1 mark]

[1 mark]

Q.6(c)The frustum of a cone has top diameter 30 cm and bottom diameter 60 cm with height [6]

18 cm. Find the center of gravity of frustum.

Ans.: Step 1
_ _ 60
= — =30
X== cm

By similar triangles,
h _ h _ (60

60 30 " [30]”‘2
h =2 hz

h1+ hz =h

18 + hz =2 hz

hz =18 cm

Step 2
Vi = Full volume of cone

Vi = %nr‘fh = %xnx302x36 = 33929.2 cm’
V2 = Volume of cut cone
Vs = %nr‘zhz - §><m<153 «18 = 424115 cm?
Y= % = % =9cm, Y, = hﬁ% = 18+% =225 cm
Step 3
g 2 yi-Voy, | (33929.2x9)-(424115x22.5) _ ooy
V-V, 33929.2-4241.15
QooaoaQ

-10 -

[1 mark]

[1 mark]



