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F. E. Examination - 2007

ENGINEERING MECHANICS
(2003 Course)
Time : 3 Hours] [Max Marks : 100
Instructions : - DEC 2007
(1) Answer Q.1 or Q.2, Q.3 or Q.4 and Q5 or .6 from section
I Answer Q.7 or Q.8, Q.9 or Q.10 and Q.11 or Q.12 from
section II.
(2) Answers to the two sections should be written in separate
answer books.
(3) Figures to the right indicate full marks.
(4) Neat diagram must be drawn wherever necessary.
(5) Use of electronic pocket calculator is allowed.
(6) Assume suitable data, if necessary and clearly state them.
(7) Assessment will be based on complete solutions but not on
final answer.
(8) Use of cell phone is prohibited in the examination hall.

SECTION - 1

Q.1) (A) Drawing a neat sketch, find direction of reaction at A with
respect to x axis in following two cases as shown in Fig. 1(A)
(i) and (ii). [06]

. (\09
5 120mm

C A

F 120mm **“ 160mm
P

Fig. 1 (A)(i) Fig. 1 (A)(i)
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[image: image2.png](B) Explain with neat sketches two force and multi force member. [04]

(C) A light beam AB of 600 mm length is resting against rough
inclined planes AC and CB making angles 30° and 45° respectively
to x axis. In the horizontal position as shown in Fig.-1(C), obtain
position of load P i.e. distance ‘x’ for equilibrium. [08]

P

Fig. 1(C)
OR

Q.2) (A) Two beams ABC and DEFG each of length 3L are supported
and loaded as shown in Fig. 2(A). Determine reaction at A, D
and G in magnitude and direction. [09]
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Q.3) (A)
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A rectangle ABCE is of very small thickness and has dimensions
140mm x 300mm. Quarter circular portion ABF is cut and
attached in a position CED as shown in Fig. 2(B). Determine
the shift of centroid.

B Sy —

\\ \\
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Fig. 2(B)

[09]

A ‘T’ shaped member BCDE is supported by a pin at D and
by a string ECA as shown in Fig. 3(A). Neglecting weight of
member BCDE, obtain tension in the string and reaction

components at D due to horizontal force of 36 kN at B. [08]
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[image: image4.png](B) A cable ABCD is supported at A and D, 12.6m apart horizontally.
The cable carries loads of 675N and 225N at B and C as shown
in Fig. 3(B). If cable also carries a force P acting
horizontally at B, find its value for equilibrium. [08]
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OR

Q.4) (A) A truss is supported and loaded as shown in Fig. 4(A). Find
force in member CE by method of section and forces in the
members AB and AE by method of joint. [08]

80kN

[3261]-108 4 Contd.




[image: image5.png](B) A cross section of dam is shown in Fig. 4(B). It is subjected
to water pressure which varies from zero at F to 24 kN/m? at
A. Taking 1m dimension of dam normal to the cross sectional
plane, obtain the point of intersection of resultant to the base
AB. Assume density of dam material as 25 kN/m®. [08]

pA Aot

water level F

24 KN/m? 22m '

A K

Fig. 4(B)

0.5) (A) Two beams ABC and CDE each of 4m in length are connected
together by means of pin at C as shown in Fig. 5(A). The end
A is fixed and E is a roller. Using principle of virtual work,
find reactive components at supports A and E. [09]

40kN

Fig. 5(A)
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Q.6) (A)
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Figure 5(B) shows steel pipe ABCD of length 1.8m having 90°
bend at B. The pipe weighs 30 N/m and supported by three
vertical wires attached to the pipe at A, C and D. Find tension
in wires. [07]

Fig. 5(B)

OR

A slender rod of length 200 mm is attached to a collar at B
and rests on a portion of a circular cylinder of radius 40 mm.
Neglecting the friction, determine the value of ‘@ for the
equilibrium position of the mechanism by virtual work method.
Refer Fig. 6(A). {08]

80N /&

6 Contd.




[image: image7.png](B) " A triangular plate ABC weighing 160N is in horizontal plane
and it is supported by three wires connected to A, B and C.
All the wires meet at D as shown in Fig. 6(B) which is exactly
above the centroid ‘E’ of the plate at a height of 600 mm. If
AE = 400 mm, EF = 200 mm and CF = FB = 200 mm, find
tension in each wire. ' [08]

Fig. 6(B)

SECTION - 1I

Q.7) (A) The car is traveling at a constant speed v, = 100 kmph on the

level portion of the road. When the 6 percent (tan 8 = 6/100)
incline is encountered, the car decelerates at the constant rate

(g sin@). Determine the speed of the car (a) 10 seconds after
passing point A and, (b) when s = 100 m. Refer Fig. 7 (A). [08]

[3261]-108 7 P.T.O.
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Q.8) (A)

(B)
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Each of the three plates has a mass of 10 kg. If the coefficient
of friction at each surface of contact are L = 0.3 and p, =0.2
respectively, determine the acceleration of each plate when the
three horizontal forces are applied as shown in Fig. 7(B).  [08]

As slider block A moves downward at a speed of 0.5 mv/s, the
velocity with respect to A of the portion of the belt B between
the pulleys C and D is v, = 2 m/s. Determine the velocity
of portion CD of the belt when (a) 8 = 45° and, (b) 6 = 60°.

Refer Fig. 8(A). [08]

Fig. 8(A)
The 100 kg stone is being dragged across the smooth surface
by means of the truck T. If the towing cable passes over a small
pulley at A, deterrhine the speed of the stone when 6 = 60°.

The stone is at rest when 0 = 30° and the truck exerts the constant
force F = 500N on the cable at B as shown in Fig. 8(B). [08]

Contd.




[image: image9.png]Q.9) (A) The two particles A and B start at the origin O and travel in
opposite direction along the circular path at constant speeds
va = 0.7 m/s and vs = 1.5 m/s respectively as shown in
Fig. 9(A). Determine in t = 2 s, (a) the displacement along the
path of each particle, (b) the position vector to each particle,
and (c) the shortest distance between the particles. [08]

Y

Fig. 9(A)

(B) At what uniform speed of rotation around the vertical axis AB
will the balls C and D of equal weights W = 10N begin to
lift the weight of the device W, = 20N as shown in Fig. 9(B).
Neglect all friction and the weights of four hinged bars. The
length of each bar is 250 mm. [08]

[3261]-108 9 P.T.O.




[image: image10.png]Q.10) (A) The car travels around the circular track such that its transverse

component is 8 = (0.006t?) rad, where t is in seconds. Determine
the radial and transverse components of velocity and acceleration
of the car at the instant t = 4s. Refer Fig. 10(A). {08}

r = (400 cos6)m

Fig. 10(A)

(B) The car of weight W = 2000N travels with uniform speed
v = 26.67 m/s on a vertical curve which is parabolic as shown
in Fig. 10(B). Determine the total reaction R exerted on the road
by the four wheels of the car as it passes the crest C, if

$ = 1.2m and L = 60m. [08]

Fig. 10(B)

Q.11)(A) The compound disk as shown in Fig. 11(A) rolls and slips on
the floor. The linear velocity of cord A is 1.2 m/s rightward and
the disk rotates counterclockwise at ® = 6 rad/s. Determine
the linear velocity of points B and O. [08]

Radius of oﬁter disk = 0.3m
Radius of inner disk = 0.lm
® = 6 rad/s

Va=1.2m/sec.

Fig. 11(A)

L e e e
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[image: image11.png]®

Q.12)(A)

®

Calculate the downward acceleration a of the 10 kg cylinder. The
drum is a uniform cylinder. Compare your answer with that obtained

by ignoring the inertia effect of the drum. Refer

Fig. 11(B). - [10]

Fig. 11(B)
OR

The motion of the cam is defined by the relation

0 = 2t3— 6t>+ 10, where 0 is in radians and t is in seconds.
Determine the time, angular coordinate and angular acceleration
when the angular velocity is zero. [08]

The 100N disk and 40N block are released from rest. Determine
the velocity of the block when it has descended 1m. The
coefficient of static friction at A is L= 0.2. Neglect the mass
of cord and pulleys. Refer Fig. 12(B). [10}

Fig. 12(B)

[3261]-108/11
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[3161]-108 13 JUN 2007
F. E. Examination - 2007

ENGINEERING MECHANICS
(2003 Course)
[Max. Marks : 100

Answer Q.1 or Q.2, Q.3 or Q.4 and Q.5 or Q.6 from Section
L Answer Q.7 or Q.8, Q.9 or Q.10 and Q.11 or Q.12 from
Section II.

Answers to the two sections should be written in separate
answer books.

Figures to the right indicate full marks.

Use of electronic pocket calculator is allowed.

Assume suitable data, if necessary and clearly state them.
Assessment will be based on complete solutions, not on final
answer.

Neat diagram must be drawn wherever necessary.

Use of cell phone is prohibited in the examination hall.

SECTION -1

Q.1) (A) Explain with a neat sketch, principle of transmissibility of a force. [04]

(B) Two cylinders A and B of diameters 8 cm and 12 cm respectively
are held in equilibrium by separate strings as shown in figure
1(B). Cylinder B rests against vertical wall. If weights of cylinder
A and B are 20N and 40N respectively, determine tension in
strings and reactions at all points of contacts. [07]

[3161]-108
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[image: image13.png](C) Two beams ABC and CD are pinned together at C as shown
in figure 1(C). Beam CD carries uniformly distributed load ®
kN/m which produces reaction at B as 60 kN. Determine ® and

find reaction at A and D. [07]
o kN/m
A B C C - D
» > >
\-— 4m ——J}-&-—Zm—bL—4m—-—-'-l Fig. 1(0)
OR
Q.2) (A) A block A weighing 80 kN is to be moved towards left by light
wedge B. Find necessary force ‘P, if angle of friction at ail
rubbing surfaces is 15°. Refer figure 2(A). [10]
P
g7
A
4
[
i Fig. 2(A)
e
\ 200
r—‘
(B) Locate centre of gravity of bar model as shown in figure 2(B)
from base AB. [08]
CP 25IO mm
L

100 mm
]

/ \ 400 mm
00400 } 400 y200 "_"‘|'

R P 1519 mm

800 mm

A B | Fig. 2(B)
| 400 400 |
mm  mm
[3161]-108 2 Contd.




[image: image14.png]Q.3) (A) Four forces 10N, 20N, 30N and 40N act along the sides of a
square (100 mm x 100 mm) as shown in figure 3(A). A fifth
force when acts through the centre of square ‘O’ reduces the
force system into a couple. Determine magnitude and direction
of fifth force and magnitude as well as sense of the resultant
couple. [08]

20N 4
30N - C

[Jo)

» 10N

Fig. 3(A)

(B) A frame ABCDE consists of two parts ABC and CDE pinned
at C as shown in figure 3(B). Ends A and E are hinged. Analyse

for reactive components at A, C and E. 108]
60 kN
B C b
—
30 kN T
4 m

F=3m—fsm—s] Fig. 3(B)
OR

[3161]-108 3 P.T.O.




[image: image15.png]Q.4) (A) A light beam ABCD carries a load 250 N at B as shown in

figure 4(A). It is supported by three strmgs at A, C and D.
Determine tensions in the strings. [08]

250 N -

TA Bl 60>\C D 3 45°
L_ 300 240 ,l 360 ,‘ Fig. ’4(A)
mm nmm mm

(B) A truss is loaded and supported as shown in figure 4(B). If force
in the member CE is 30 kN tensile, then determine W. Hence
obtain the force in the member AC. 108]

lSO kN
E

- 5c
L—4m--J-—-4m_..; Fig. 4(B)

Q.5) (A) Using Virtual work principle, determine reactions RA and RC
for beam ABCD loaded and supported as shown in figure 5(A). |08]

R
L_ 3m _.a-L_. 3m.—4-2m—-)-’ Fig. 5(A)

[3161]-108 4 Contd.




[image: image16.png](B) A load of 500 N is held in equilibrium by means of two strings
CA and CB and by a force P as shown in figure 5(B). Determine
tensions in strings and magnitude of P. [08]

Q.6) (A) Four bars of equal length ‘/* are hinged together at ends to form
a rthombus ABCD as shown in figure 6(A). Find relation of
P and Q for equilibrium, using virtual work principle. [08]

[3161]-108 5 P.T.O.




[image: image17.png](B) ABCDEFGH is a regular octagon of side 4 m. Figure 6(B) shows
positions of six columns which carry vertical forces normal to
plane of octagon and acting at its six corner points. Locate the
resultant of these forces w.rt. centroid of octagon ‘O’. [08]

300 kN 300,kN

SECTION - I

0.7) (A) The motion of a particle is defined by x = t* — 9’ +24t- 8,
where x and t are expressed in meters and seconds, respectively.
Determine (a) when the velocity is zero, (b) the position and the
total distance traveled when the acceleration is zero, (c¢) draw
the v — t curve for t = 0 to 4s. [08]

(B) A hockey player hits a puck so that it comes to rest in 9s after
sliding 30 m horizontally on the ice. Determine (a) the initial
velocity of the puck, (b) the coefficient of friction between the
puck and ice. [08]

OR

(3161]-108 6 Contd.




[image: image18.png]Q.8) (A) At a given instant planes A and B are located as shown in
Fig. 8(A). If they maintain their straight line courses and speeds,
determine the velocity of plane A with respect to plane B and
the distance between them in t = 5 minutes. Plane A is traveling
at v, = 480 km/h and plane B is traveling at v, = 400 km/h. [08]

b
U,
«q qff’,{.lb S

350 7 B
L__ 64 km——|

Fig. 8(A)

(B) The weight W = 120 N falls through a height h = 0.3 m onto
a block of weight W, = 120 N which is supported by a spring
having spring constant k = 100 N/m shown in Fig. 8(B). Assuming
plastic impact, determine the maximum compression ‘6’ of the
spring over and above that due to the static action of W,. [08]

e
i WI !
I
j C h
e
10w,
i L
] -k = 100 N/m

Fig. 8(B)

[3161]-108 7 " P.T.O.




[image: image19.png]Q.9) (A) Calculate the minimum possible magnitude ‘v’ of the muzzle

(B)

Q.10) (A)

[3161]-108

velocity which a projectile to be fired from point A to reach the
target B on the same horizontal plane 12 km away. Refer
Fig. 9(A). [08]

) 12 km i

Fig. 9(A)

A small block slides at a speed v on the horizontal surface.
Knowing that h = 2.5 m, determine the required speed of the
block if it is to leave the cylindrical surface BCD when 8= 40°.
Refer Fig. 9(B). T [08]

— Vv

h=25m

Fig. 9(B)
OR

The particle ‘P’ moving in plane curvilinear motion is located by
the polar coordinates shown in Fig. 10(A). At a particular instant
r=2m, 6=260°v =3ms, v, =4 ms, a = -10 m/s® and
a, = -5 m/s’. For this instant calculate the radius of curvature

8 Contd.




[image: image20.png]p of the path of the particle. Also locate the centre of

curvature C. |08]
y

Fig. 10(A)

X 0

(B) The cylindrical plug has a weight 10 N and it is free to move
within the smooth pipe. The spring has a stiffness k =230 N/m
and when no motion occurs the distance d = 0.2 m. Determine
the force of the spring on the plug when the plug is traveling
with a constant speed of 4 m/s, which is caused by the rotation
of the pipe about the vertical axis. Refer Fig. 10(B). [08]

Fig. 10(B)

Q.11)(A) The angular acceleration of gear A is given by (0.256*+ 0.5)
rad/s?, where 0 is in radians. If this gear is initially rotating at
o, = 20 rad/s, determine the angular velocity of gear B after
A undergoes an angular displacement of 10 revolutions. Refer
Fig. 11(A). [08]
Gear A
r, = 005 m

“\\/\j‘*% : 'cX‘ Fig. 11(A)
No. of teeth on Gear A = 12 .
No. of teeth on Gear B = 36

13161]-108 9 P.T.O.





[image: image21.png](B) The uniform steel beam of mass m and length L is suspended
by the two cables at A and B. If the cable at B suddenly breaks,
determine the tension T in the cable at A immediately after the
break occurs. Treat the beam as a slender rod and show that
the result is independent of the length of the beam. Refer
Fig. 11(B). [10]

OR

Q.12)(A) The velocity of the slider block C is 4 m/s up the inclined groove.
Determine the angular velocity of links AB and BC and the
velocity of point B at the instant shown in Fig. 12(A). [08]

V.=4ms

Cricket at B
to be shown

[3161]-108 10 Contd.




[image: image22.png](B) The drum has a weight of 100 N and can be treated as a solid
cylinder. If the block has a weight of 40 N, determine the angular
acceleration o, of the drum if the block is allowed to fall freely.
Compare this value of a,, with that determined by removing the
block and applying a force of 40 N to the cord. Refer Fig. 12(B). [10]

Fig. 12(B)

[3161)-108/11
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[3061}-108
F. E. Examination - 2006

ENGINEERING MECHANICS
(2003 Course)

Time : 3 Hours] [Max. Marks : 100
Instructions :

(1) Answer Q.{ or Q.2, Q.3 or Q.4 and Q.5 or Q.6 from Section
I Answer Q.7 or Q.8, Q.9 or Q.10 and Q.11 or Q.12 from
Section 11.

(2) Answers to the two sections should be written in separate
answer books.

(3) Neat diagram must be drawn wherever necessary.

(4) Figure to the right indicate full marks.

(5) Use of electronic pocket calculator is allowed.

(6) Assume suitable data, if necessary and clearly state them.

(7) Assessment will be based on complete solutions but not on
final answer.

(8) Use of cell phone is prohibited in the examination hall.

Q1) (A)

[3061]-108

SECTION - 1

The four concurrent forces P, P,, P, and P, act on annular ring

as shown in Fig.1(A). Inside and outside diameters of ring are

26 cm and 34 cm respectively. Coordinates of point of application

of these forces are indicated in the bracket w.r.t. centre of ring.

Check whether the system of forces is in equilibrium. If not

find resultant of four forces in magnitude and direction. [08]
P, =85 N

P4=100 N (12, -5)
P, = 65N
C (0, -17
P, = 50N Fig. 1 (A)
1 P.T.O.





[image: image24.png](B) State and explain Varignon’s Theorem of Moments. [04]

(C) A beam ABC is simply supported at A and B four meters apart
with BC overhang of 2m. A clockwise couple of 30Nm is acting
at C. Find minimum value of P to be applied at point D, 1m
from A to maintain equilibrium. In the absence of P how
equilibrium is maintained by changing the type of support at A. {06]

OR

Q.2) (A) Two blocks A and B having masses 50 kg and 100 kg
respectively are connected by a string which passes over
frictionless pulley as shown in fig. 2(A). Coefficient of friction
between block and surface is 0.2 for both A and B. Determine
force P if,

(1) The system is prevented to move towards left.

(2) The system is just on the point of moving towards right. [09]

P

Fig. 2(A)

(B) Locate the centroid of plane lamina OABCDE as shown in
Fig. 2(B). Density of semicircular lamina ABCA is twice the
remaining area. 4y [09]

D c

—

100

B
= |
180
J———-—-—* %
0
k—9o-L——150—>l
Fig. 2(B)

|3061}-108 2 Contd.






[image: image25.png]Q.3) (A) A prismatic bar ABCD weighing 1 kN/m is hinged at A and
supported on roller at D as shown in Fig. 3(A). Determine
components of reactions at A and D : [06]

A B

I

2m
L .
bam e am

Fig. 3(A)

(B) Analyse the truss completely as shown in Fig. 3(B). Obtain
reactive components at A and B : [10]

B —y ——f>
O g T \ AP

Fig. 3(B)

OR

Q.4) (A) A prismatic bar AB of length 50 cm and weight 50N rests against
smooth vertical wall at A and on smooth horizontal floor at B.
A string OC is connected to hold the bar in equilibrium position.
If CB = 10 cm, AO = 30 cm and OB = 40 c¢m, find tension
in string. Refer fig. 4(A). . [06]

o B Fig. 4(A)
[3061]-108 3 P.T.O.





[image: image26.png]B)

Q.5) (A)

(B)

[3061]-108

A pulley of diameter 80 cm is rotating due to torque of
100 Nm clockwise as shown in figure 4(B). To apply brake,
a force P is applied to brake lever ABC at A. The lever is hinged
at B. Find P required if W between belt and pulley is 0.3.
AB = 60 cm and BC = 30 cm. [10]

For a slider crank mechanism a couple ‘M’ is applied as
shown in fig. 5(A). Show that force ‘F’ applied to cross head
is F = M/2L sin® where L is the length of each link AB and
BC. Use virtual work method. |08}

M CROSSHEAD Fig. S(A)

A vertical mast OD is having base ‘O’ with ball and socket.
Three cables DA, DB and DC keep the mast in equilibrium.
If tension in the cable DA is 100kN, find tensions in the cables
DB and DC and force in the mast. Refer figure 5(B). [08]

(0,-30,0) - 24,7, 0)

4 Contd.





[image: image27.png]Q.6) (A) Two beams ABC and CD are pinned together at C as shown
s # in figure 6(A) A clockwise couple of 10kN-m acts at E and
e 1o concentrated Joad of 60 kN at F. Using virtual work method,

G determine reactions at A, B and D. B [08]
g 160 KN
10 kN.m -
A ™~ B g D
J B F
%7 E % ) 74>/7
! 2m ! 2m ! tm ——le-l— 3m -———l
Fig. 6(A) '™
(B) A plate ACED weighs 7,600 kg/m?. It is held in horizontal plane
by three wires at A, B and C. Find tensions in the wires. Refer
figure 6(B). [08]
ol BN Pt smensisll o (A (B0
B e 5
to Lrmoardy i

5 hpr
10 mm Thickness

ST ST AQ/D
; x>

cE

£33

_ Fig. 6(B)

~Z: " SECTION - I

Q.7) (A) The acceleration of the car moving along a straight path
decreases uniformly from 15 m/s? to zero in 10 second, at which

;. its velocity is Sm/s. Find the initial velocity and change in
- position during the 10 second interval. Also draw a-t and
v-t curve. : [08]

[3061]-108 S B e s PTOL





[image: image28.png](B)

Q.8) (A)

(B)

[3061]-108

The 50 kg crate is projected along the floor with an initial speed
of 7 m/s at x = 0. The coefficient of kinetic friction i, = 0.4.
Calculate the time required for the crate to come to rest and
corresponding distance x traveled. Refer Fig. 7(B). 108}

7777777777 T7TTIITITTITTTT
i = 040 +—> x

Fig. 7(B)

OR

Determine the time required for a car to travel 1 km along a
road if the car starts from rest, reaches a maximum speed at
some intermediate point and then stops at the end of the road.
The car can accelerate at 1.5 m/s? and decelerate at 2 m/s*.  [08]

The 4 kg cart, at rest at time t = 0, is acted upon by a horizontal
force which varies with time t as shown in Fig.8(B). Neglect
friction and determine the velocity of the car at t = Is and

t = 3s. [08]
Force in N
30 frmm e o e e
[
o 20 e = |
4 ke S F \ |
N\ } ;
: & | ]
w7 |
0 ! !
2 4
Time in s
Fig. 8(B)
6 20T-Contd.





[image: image29.png]Q.9) (A) The velocity of a particle moving in the x-y plane is given by
6.121 + 3.24) m/s at time t = 3.65s. Its average acceleration
during the next 0.02s is 4i + 6j m/s>. Determine the velocity
vector v of the particle at t = 3.67s and the angle 6 between
the average acceleration vector and velocity vector at t = 3.67s. [08]

(B) A 0.5 kg slider C can slide on a semicircular rod of radius 0.6m,
which is rotating about the vertical axis AB with constant angular
velocity of 6 rad/s as shown in Fig.9(B). Determine the minimum
coefficient of static friction between the slider and the rod if
the slider is not to slide when, (a) © = 70°, (b) 6 = 30°.

In each case indicate the direction of impending motion. [08]

Slider 0.5 kg

Fig. 9(B)

OR

Q.10)(A) A boy seats on the merry-to-round so that he is always located
at R = 3m from the centre of the rotation. The merry-go-round
is originally at rest, and then due to rotation, boy’s angular
acceleration is 6 = 2 rad/s?. Determine his velocity when his
resultant acceleration becomes 8m/s?. [08]

13061]-108 7 P.T.O.





[image: image30.png]B)

Q.10)(A)

[3061]-108

The 0.6 kg block slides on the circular path of radius 3 m in
the vertical plane as shown in Fig.10(B). If the speed of the
block at A is 5 m/s, determine the normal force exerted on the
block by the surface at A and B. [08]

Fig. 10(B)

Disk A is rotating at an angular acceleration of o, = (0.6t +
0.75) rad/s?, where t is in second. If at t = 0 initial angular
velocity and displacement are ®, = 5.8 rad/s and 6, = 0
respectively, determine the linear velocity and acceleration of
block B at t = 2.5s. Also find number of revolutions made by

‘disk and downward displacement of block B from t = 0 to

2.5s. Refer Fig. 11(A). 110]

®,~5.8 rad/s

Radius = 0.15 m

Fig. 11(A)
OR

8 Contd.





[image: image31.png](B)

Q.12)(A)

B)

The disk has a mass M and radius R. If the block of mass m

is attached to the cord, determine the angular acceleration of

the disk when the block is released from rest. Also, what is the
velocity of the block after it falls a distance 2R starting from
rest. Refer Fig. 11(B). [08]

Disk—/

Block — Fig. 11(B)

OR

The similar links AB and CD rotate about the fixed pins at A
and C. If AB has an angular velocity @,, = 8 rad/s, determine
the angular velocity of BDP and the velocity of point P. Refer

Fig.12(A). [10]

700mim |,

Fig. 12(A)

The uniform 20 kg slender rod is pivoted at A and swings freely
in the vertical plane. If the bar is released from rest in the
horizontal position as shown in Fig. 12(B), determine the
reaction at A at an instant after release. [08]

Fig. 12(B)
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F.E. (2003 COURSE) EXAM.-2005
ENGINEERING MECHANICS
Time : 3 Hours] [Max. Marks : 100

Instructions :

(1) Section I, Q. 1 or Q. 2, Q. 30r Q. 4, Q. 5 0r Q. 6 and
Section Il, Q. 70or Q. 8 Q. 90or Q. 10, Q. 11 or Q. 12.

(2) Answer three questions from Section I and three questions
Jrom Section II.

(3) Answers to the two sections should be written in separate
books.

(4) Neat diagrams must be drawn wherever necessary.
{5) Figures to the right indicate full marks.
(6) Use of electronic pocket calculator is allowed.

(7) Assume suitable data, if necessary.

SECTION -1

Q.1) (a) Determine the minimum force ‘P’ required to overcome static
friction and begin to lift 100N block ‘A’ shown in fig. 1. The
weight of 20° wedge ‘B’ is 5N and the coefficient of static friction
between all surfaces is 0.4. Comment on the result you get. [09]

GO/ T IP7TTIT77777”

[2758]-108 . 1 P.T.O.




[image: image33.png](b) Explain through sketches only, four types of supports, alongwith
reaction offered, used in engineering mechanics. [04]

(c) Five horizontal forces are acting on the rod AB which is inclined
to the horizontal -at 25°. Determine the resultant of these forces

with respect to point A. v [05]
By :
N
AC=1m
CD=DE=2m
EB=1m

Q.2) (a) Determine the centroidal co-ordinates of the line shown in fig. 3,
that consist of straight line AB, AD and circular arc BC. [09]

[2758]-108 2 ' Contd.




[image: image34.png]K

ﬁ (b) Draw free body diagram completely for the object, subjected to
the forces as shown in fig. 4 (i) and (ii). [04]

Self weight of
sphere W

Frictionless 30°
. surface

Fig. 4 (i) and (ii)

(¢) The uniform ladder of weight “W’ is supported by a vertical force
‘P> at A and a wire at B. Show that ‘P’ is independent of angle

0 and also find its value. The rod is supported by the roller at A. [05]}

[2758]-108 3 P.T.O.




[image: image35.png]Q.3) (a) Find support reaction for a beam shown in fig. 6. [08]

15 kN 10kN 5kN
20 kNm 8 kN/m

> 40 kKNm
v ,é, 4 2
—{im+4 2m 4 2m—4— 3m —F— 3m —
Fig. 6

(b) The structure in fig. 7 is loaded by 240 Nm counter-clockwise
couple applied to the member AB. Member AB and BCD are
connected by pin at B. Neglecting the weights of the members,
find support reaction at A and D and force at pin B. [08]

Q.4) (a) Find the resultant completely at coplanar force system shown

in fig. 8. 75N [08]
Yy o
40N - .4-(.)..
T‘) .4)
@
88N > x

100N Fig. 8
[2758]-108 4 Contd.




[image: image36.png](b)

Q35) @

-(b)

As shown in fig. 9, a flexible and inextensible flat belt placed
around a rotating drum of 40 mm radius, acts as a brake when
the arm ABCD is pulled down. Assuming K, = 0.2 between drum
and belt, find the force ‘P’ that would result in braking torque
of 4000 N.mm. Assuming that the drum is rotating counter-clock-
wise.

[08]

] 20 440 204 P

Dim. in mm

Fig. 9

Find the reactions at support for the compound beam shown in
fig. 10 ‘B’ is internal hinge. Use only virtual work method. [08]

10 kKN 50 kKN 35 kKN 10 kKN
A B C D

Fi+1—+1—42m —F'2m — 1414
Fig. 10

A horizontal plate (in XZ plane) of 3m radius and 1.5 kN weight,
is supported by three vertical wires at A, B, C. Find tension in
each of these wires. i [08]

Fig. 11

[2758]-108 5 P.T.O.




[image: image37.png]Q.6) (a) A Moment ‘M’ is applied to a mechanism shown in fig. 12. A
force of 50N is applied to wheel at C. Wheel can rotate freely on
inclined plane. Find the value of M to maintain equilibrium. [08]
50N

AB=09m
BC =1.8m

n

Fig. 12 A

(b) A baseball is thrown with spin so that three concurrent forces
act on it, as shown in fig. 13. The weight W is 5N, the drag
D is 1.7N and lift L, which is in yz plane and perpendicular
to X.

It is known that y-component of the resultant is - 5.5N and
z- component is - 0.866N, determine L, @ and resultant R. [08]

{27581-108 6 ' Contd.




[image: image38.png]SECTION - 11

Q.7) (a) As observed from a ship moving due East at 9 kmph, the wind
appears to blow from South. After the ship has changed course
and speed, it has started moving due North at 6 kmph, the wind
appears to blow from the South West. Assuming that the direction
and velocity of the wind is constant during the entire period of
observation, compute the magnitude and direction of true wind
velocity. [08]

(b) Two masses 10 kg and 20 kg, are connected with each other
by an inextensible string and are accelerated by the force of gravity
of a mass 30 kg as shown in fig. 14. The masses of the strings
and pulleys are negligible. Neglect all friction.

Determine the acceleration of the system and the tensions T, and

T, in the strings. _ [08]
Tl
10kg |le—p| 20ke
I77777777777777777777777777777) € 1
4
7
/]
/ T
/ 2
/]
/
7
Yy 30Kk
7 g
7

Fig. 14

OR
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[image: image39.png]Q.8) (a) The figure 15 shows an a-t diagram for a car which starts from
rest and comes to halt after time [60 + t] seconds. Find the value
of ‘" and ‘f” shown in the diagram. Find also (1) velocity at
40 seconds (2) velocity at 60 seconds (3) distance travelled during

first 40 seconds. A am/s’ [08]
0.5 '_“'ﬁA B je t
3 C - t

ook 40 60 v seconds
f
1

D B
a - t diagram
Fig. 15

(b) A small rubber ball is released from a height of 80 c¢cm on a
horizontal floor. After the first bounce it rises to a height of 48
cm. Compute the coefficient of restitution. Upto what height it
will rise after the second bounce ? [08]

Q.9) (@) A particle is moving along a curved path. Derive the expressions
for the velocity and acceleration of the particle in Polar Co-ordinate
System. [08]

(b) A ball B of weight W is supported in a vertical plane as shown
in fig. 16. Find the compressive force in the bar BC (1) just before
the string AB is cut (2) just after the string AB is cut. Neglect
the weight of the bar BC. [08]

[2758]-108 8 Contd.




[image: image40.png]Q.10)(a)

(b)

Q.11) (@)

The speed of a car increases uniformly with time from 50 kmph

at A to 100 kmph at B during 10 seconds. The radius of curvature

of the hump at A is 40 m. The magnitude of total acceleration

of the car’s mass centre is the same at B as at A. Compute the
radius of curvature R, of the dip of the road at B. The mass
centre of the car is 0.6 m from the road as shown in figure 17.

If mass of the car is 250 kg., compute the reaction offered

at position A and B. [08]

=05

A projectile is fired along an inclined ground, inclined at an angle
B upwards with the horizontal. The velocity projection is U m/s

Fig. 17

inclined at angle ® with the horizontal. Derive the expressions for

(1) Time of flight (2) Range along the inclined ground and (3)
Maximum height reached measured perpendicular to the

inclined ground. [08]

A flywheel of an engine starting from rest, makes 19 revolutions
in the 10th second. If angular acceleration is constant acceleration,
calculate its magnitude. Also calculate the velocity when it has
made 400 revolutions. : [08]

[2758]-108 9 P.T.O.




[image: image41.png](b)

Q.12)(a)

A beam of mass m, = 100 kg, supported on two cylindrical rollers
each of mass m, = 20 kg and radius r = 100 mm, is moving

up the plane by a force P applied parallel to the plane as shown

in fig. 18. Find the force P if the beam is moving up with
acceleration of 0.1 m/s®. Assume no slip at the contacts. [10]

?

Fig. 18
OR

A javelin shown in figure 19 is inclined at 30° with the horizontal
at this instant. The velocity of its tip B is 5 m/s in the horizontal
direction. The velocity of the centre O of the length AB of javelin,
is V,, directed towards B. Using ICR method or otherwise, find
the velocity of the end A and the angular velocity of the javelin. [08]

[2758]-108 10 Contd.




[image: image42.png](b) A homogeneous sphere of mass.10 kg and diameter 300 mm is
released simultaneously alongwith a homogeneous cylinder of mass
30 kg and diameter 400 mm. Both are released from the same height
‘h’ metres, to roll down an inclined plane making an angle of 30°
with the horizontal. Assume that both bodies roll without slipping.
Compute the velocity with which sphere and cylinder will reach the
bottom of incline.

Which body will reach the bottom first ? [10]

{2758]-108/11
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8t I 15 - vat s FUR. 1 & NOV 2004
o1 , ENGINEERING MECHANICS bz

R (Revised Course-2003) oYL
Time : 3 Hours] - R [Max. Marks : 100
Instructions: )

1) Answer 3 questions from section I and 3 questions from section I1.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.

4) Figures to the right indicate full marks.

5) All questions carry equal marks. -

6) Your answers will be valued as a whole.:

7)  Assume suitable data, if necessary. -y g{

8) All questions are compulsory. . o

SECTION -1

Ql) a) A weight W rest on the bar AB as shown in Fig.1. The cable connecting
.. . Wand B passes over frictionless pulley. If bar AB has negligible weight,

(L—a) BTSN
show that the reaction at A is W (L+a) {E

i
&ﬁ X{’ -
- - K-
o, T gy T
. :5:»5;; o

'pTO.





[image: image44.png]b)

LA

e

0o sy

niiosiing sldes

addnlow sldmdes. .

01) a)

[2667]-108

ROSEAVS S0 I S T

To adjust the vertical position of column supporting a weight of
2000 kN, two 5° wedges are used as shown in Fig.2. Determine the
force 'P' necessary to start the wedges if the angle of friction at all the

surface is 25°. [9]
(Neglect friction at rollers)
T .
P
YR Vs Y
Eh 82 k
Wt .
&
iz
— Sy

A beam supports a load distributed  parabolically over its length.
Determine the resultant of this distributed load and line of action. And
hence find reaction at any one support. (Refer Fig.3) 91

1500 N/mh.

L






[image: image45.png]+ =By~ Cable AC holding a beam AB, exerts a force 'P' along AC. Knowing
that P must have a vertical component of 1750 N, determine the magnitude
of force P and its horizontal component. (Refer Fig.4).

Hence find weight "W' at centre of beam AB. Do [8]

Q2) a) Find analytically or graphically the support reactions and member forces
for pin jointed plane truss shown in Fig.5.

(Use graph paper for graphical solution) "’a‘fi’ﬁwzz i ' f7]

. 100N fes s

[2667]-108 3
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o’ )

02) a) Determine the components of force exérted b); the a)gle of tHé pulley, as

shown in Fig.7, upon the member AC and CF. : [10]
s ¥=55 mm :
£ -
(o]
['y]
. :
st £
D
&~
[2667]-108 P 007





[image: image47.png]b) Prove that for a body placed on rough inclined plane, the angle of repose
is same as the angle of limiting friction. [71

A rectangular plate is supported by brackets to the wall at A and B and
by wire CD as shown in Fig.8. Knowing that tension in wire is 200 N,
determine the moment about point A, of the force exerted by wire on

[8]

Q3) a)

point 'C".

(v} ] St ] ) ;wn‘f-.u;\r.
L b) Using method of virtual work, determine the magnitude of couple M,
required to maintain the equilibrium of the mechanism shown in Fig.9.

\ | /Q PR ‘ (8]
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(3) a) A vertical rod of 1100 kN is supported by the three wire shown in Fig.10.
Find the force in each wire. Point C, O and D are in XZ plane while
 point B 2m above this plane. | \* ‘ _ [8]

£ 8

= tom

, Fig-10 . ,x

b) The double pendulum shown in Fig.11, consist of two links pinned
smoothly together and held in position by a horizontal force P at point
C. If the link AB is twice as long and heavy as link BC, find the
equilibrium position as defined by angle 8, and0,. - .~ [8]

[26671-108






[image: image49.png]SECTION - 11

04) a) A car starting from rest moves along a straight track with an acceleration
shown in Fig.12. Determine time 't' for the car to reach a speed of
50 m/s and construct the V-t diagram that describes the motion until the
time 't'. [9]

‘ F;S—-JL

b) The block 'B' has a constant downward acceleration of 0.8 m/s2.
Determine the speed and acceleration of block A, 5 sec after the system
starts from rest. Refer Fig.13. o 81

[2667]-108 - . TR






[image: image50.png]04) a)

A milk is poured into a glass of height 140 mm and inside diameter
66 mm. If the initial velocity of milk is 1.2 m/s at an angle of 40° with

_ the horizontal, determine the range of values of height 'h' for which the

e

b)

milk will enter the glass. Ref Fig.14. 91

A crate having a mass of 60 kg fall horizontally off the back of a truck
which is traveling at 80 kim/h. Determine the coefficient of kinetic friction

" between the road and the crate if the crate slides 45m on the ground with

[26671-108

no tumbling along the road before coming to rest. Assume that initial
velocity of crate along the road is 80 kin/h. Ref Fig.15. [8]

CR}I&
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126673-108

6
radians. If it maintains a constant speed of V = 6 m/s, determine the.
magnitude of V, and Vg as a function of 0 and evaluate each at 6 =1
radian. Ref Fig-16. [71

A partical 'P' moves along the spiral path V= (—) m, where 0 is in

. ‘A:‘k. Vu
R -

Fig ;.‘\‘7 é

The bullet of mass 'm’ given a velocity due to gas pressure caused by
burning of powder within the chamber of gun. Assuming this pressure

| 7
creates a force of F=F, Sm[?—] on the bullet, determine the velocity of

o

bullet at any instant in the barrel. What is the bullet’s maximum velocity?
- Also determine the position of the bullet in the barrel as a function of
time RefFig.17. & A ' [10]

N S S S s—— v w—
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Q5) a) The sports car having a mass of 1700 kg is travelling horizontally along
a 20° banked track which is circular and has a radius of curvature of
100 m. If the coefficient of static friction between the tyres and road is
u = 0.2, determine the maximum constant speed at which car can travel
without sliding up the slope. Neglect the size of car. [10]

b) The roller coaster cars shown in Fig.18 are travelling at a speed of
V =50 kin/h (and v = 0) when they pass over the top of hill. If the

radius of curvature is 21 m, determine the acceleration of the cars as
they passes over the top of hill. = V\“ . [71

Y i

VA 4
z.::/t;';i;: OF < / sy , 7

=N L b BTG
. i o

Fig-18

06) a) At the instant shown in Fig-19. 6 = 60° and rod AB is subjected to a
deceleration of 16 m/s> when the velocity is 10 m/s. Determine the angular
velocity and angular acceleration of the link CD at this instant. [8]

IS

it}

o ST
Iy vy ».t}t;a.;
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06) a)

b)

176671-108

The slider block 'C' moving 1.2 m/s up the incline, as shown in Fig-20.
Determine the angular velocity of the links AB and BC and velocity of
point ‘B’ at the instant shown. =~ [8]

;1/ '%::300 g
T

1 &

200 mo,

Frg -9
OR ..

A sphere of mass 'm' and radius 'r' is placed on horizontal surface with
no linear velocity but with clockwise angular velocity o . If u, is the
coefficient of kinetic friction between sphere and the floor, determine
a) timet, at which sphere will start rolling without sliding.

b) linear and angular velocity of the sphere at time 't;’ 8]
The slender rod weighing 400 N is supported by chords AB and BC. If

cord AC suddenly breaks, determine the initial angular acceleration of
the bar and tension ir} the cord AB. Ref. Fig-21. [8]
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