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Define physical meaning of equilibrium and explain it's mmportance for the analysis of
structures. How can we draw good Free Body Diagram? Explain with suitable examples.
Why it is necessary to assume a solid body as "Perfectly Rigid" for the study of Applied

it

Mechanics? [3+3+42]
2. Calculate the magnitude, direction and line of action of the resultant of forces acting in
the system shown in figure below. [6]
25 kN
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3. Define a couple and show that "couple is a free vector”. Determine the force developed in
the cable BC which holds a post AB having length 5 meter from sliding as shown in
figure below. The post has a mass of 12 kg. Assume all surfaces are smooth. [2+6]

4. Define friction and angle of friction. How can we assure the sliding and overtuming
condition of a block? Explain with suitable diagram. [2+3]

5. What do you mean by dependent motion particles? Explain with suitable example. The
motion of a vibrating particle is defined by the equations X = 100 sinnt and y = 25 cos2xt,
where x and y are expresseal in mm and t is in sec. Determine the velocity and
acceleration when t = 1 sec, and find also the nature of the path followed by the particle.  [3+7]



6. Define centroid, center of gravity and axis of symmetry. Calculate moment of inertia and
radius of gyration about both centroidal axes of the following composite area. [3+9]
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7. Draw Axial Force, Shear Force and Bending Moment Diagram of the given frame loaded

as shown in figure below. Indicate the salient features if any. [13]
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8. Calculate the force developed in the members: BD, DE, BE and BC of the given truss
loaded as shown in fig. below. Write down the assumptions of ideal truss. [6+2]
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9. What do you mean by Dynamic Equilibrium? Define Impulse momentum principle.

Determine the magnitude of force P required for a block as shown in figure below to

produce the acceleration of 10 m/sec’. The coefficient of friction between the block and

the floor is 0.25. The weight of the block is 3000 N. [3+7]
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1. Define rigid body and particles. Explain with examples how are the concept of rigid body

and particles used in applied mechanics? [4]

2. Three cylinders are supported on two inclined planes as shown in figure below.
Determine the support reaction at the points, if weight of cylinder A and C = 300N,
weight of cylinder B = 600N, diameter of A and C = 100mm, diameter of B = 150mm.

Assume contact surfaces are smooth. [10]
T o 2N
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3. Determine the equivalent force couple system at O for the pipe loaded as shown in figure
below., {5]

4. State principle of transmissibility. What are it's application and limitation in applied
mechanics? Explain with suitable diagram. 3]

5. Determine moment of inertia and radius of gyration about both centroidal axes for the
following composite area. State and prove the parallel axes theorem for moment of
inertia. [10+2]
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8.

9.

10.

Define friction, angle of friction and coefficient of friction. How can we assure the sliding
or tipping condition of a block? Explain with suitable figure.

Calculate axial force, shear force and bending moment at various points of overhanging
beam and draw AFD, SFD and BMD showing salient features if any. How can we check
the determinancy and stability of the structures (je beam, frame and truss)? Explain with
suitable example.

internal
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For the following truss, find member forces for members GH, BC, CH and CG.

t { t
SOKN 60 kN 50 kn
b m e e Ay - e ~4m--

A sniper sitting at top of a building 20 m high aims at a larget at a distance of 1400 m
from the building located at the same leve] as the base of building. If the sniper overshoot
the target by 100m when he shoot at an angle 30° with horizontal, find the velocity of the

Define angular momentum and dynamic equilibrium. The bob of a 2m pendulum
describes an arc of a circle in a vertical plane. If the tension in the cord is 2.5 times the
weight of the bob for the position when it is displaced through an angle of 30° from its
mean position. Find the velocity and acceleration of the bob in this position.

5]

[8+6]

(7]

[8+2]

[2+8]
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1. Define particle and rigid body. Why it is necessary to assume a body as '‘perfectly rigid'

for your present study? [2+2]
2. Explain why free body diagram is used for the analysis of the structure. The roller A and

B rest in an inclined surface which makes an angle of 15° with the horizontal as shown in

the figure below. Determine the reaction at contact points. Given that, weight of roller A

and B = 100 N and 200 N respectively. Radius of roller A and B = 6 mm and 9 mm

respectively. [3+7]
3. Prove that couple is a free vector. Two wrenches are shown as in figure, determine the

equivalent wrench and indicate it's line of action. [3+6]

”
150 Nm
4. Define angle of friction and coefficient of friction. Why coefficient of static friction is
greater than coefficient of kinetic friction? [2+2]

5 Define centre of gravity, centroid and axis of symmetry. Calculate polar moment of
inertia of the given composite area about its centroidal axis. [3+9]

20 mnI

“_ LBOmm S0 mm >

e 20mm N 40mm __*___g{_)_qng_’{




6. Draw AFD, SFD and BMD for the following frames and mentions its salient features if

any. [13]
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7. Find the member force of given truss. How can we check the determinancy and stability
of truss? [5+3]
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8. The gositign of the particle which moves along a straight line is defined by the relation
X =1t - 6t" — 15t + 40 where x is expressed in meter and t in seconds. Determine (i) the
time at which the velocity will be zero, (ii) the position and distance traveled by the
particle at that time, (iii) the acceleration of the particle at that time, (iv) the distance
traveled by the particle from t =4 s to t = 6 5. What do you mean by dependent motion?
Explain with suitable example. [8+2]

9. What is dynamic equilibrium? Two blocks shown in the figure starts from rest. The
horizontal plane and the pulley are frictionless, and the pulley is assumed to be of
negligible mass. Determine the acceleration of each block and tension in each cord. Take
px for block A and horizontal plane as 0.3. [2+8]
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1. Why do you think idealization in applied mechanics is necessary? List out the idealization

used. 3
2. A ceble AB holds a post BC of 4 m length from sliding as shown in figure. The post BC

has a mass of 8 kg. Assuming all surface are smooth, determine the tension in the cable

AB. How can you draw a good FBD? [642]

3. State and prove Varignon's theorem. An angle bracket has been subjected to three forces
und a couple as shown in the figure. Determine the resultant of these forces. Locate the

position of resultant. |448)

4. State and prove parallel axis theorem. Find moment of inertia of the given composite

figure about its centroidal axis. [448]

5. Define impending motion. How can we assure the condition of sliding or tipping of a

block? [143]
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6. Draw axial force, shear force and bending moment diagram of the given frame. Indicate

salient features (if any). [13]
3kN/m o
w -
m
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_l,“*l,. 3
1
I # F
- tm—t—m—
7 What are the assumptions of an ideal truss? Determine the force developed in the
members AB, BC, BF, BE of the truss loaded as shown in figure below. [246]
C

1 i e 3 1y ]

8. Explain gbout the radial and wansverse for cemponents of veloeity and acceleration for a
particle moving in & eurvilinear path. A projectile is fired from the edge of & 145 m cliff
with an initial velocity of 200 m/s at an angle of 30° with the horizontal. Neglecting air

| resistance, find [3+7]

a) the greatest elevation above the
b) the horizontal distance fiom the gun to the point where the pmgccule strikes the
ground
¢} the velocity with which it strikes the ground
{ , 9, Define impulse momentum principle for particles. Two blocks start from rest. The pully
is frictionless and having no mass. If py between block A and inclined plane is 0.35.
Determine the acceleration of each block and tension in each cord. [248]

|1 O <
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What do you mean by Mechanics? Explain the principle of mechanics. [3]

Figure below shows a particular position of 200mm connecting rod AB and 80mm long

erank BC. At this position, the connecting rod of the engine experience a force of 3000N

on the crank pin at B. Find its [3+3]
(i) Horizontal and vertical componenL.
{ii) Component along BC and normal lo it

o |

cened - 3B <, —Crank
5 %
L~ X

3. Prove that couple is a free vector. Explain how we can reduce a given force into force and
couple at a point. If P=20N, replace the three couples with a single equivalent couple,
specifying its magnitude and the direction of its axis. [3+3+8]

¥

4. Deduce the relationship between load, shear foree and bending moment of the beam
section loaded uniformly with intensity of load w. Draw AFD, SFD and BMD for the

beam loaded as below. [4+9]
20 kN/m
20kN >
15 kN/m . kNm m
X J;.r:.ﬁ:g_ﬁé’ 0 :
' 2m : am 3m } Im_ - :Lm#
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5. Explain the use of truss in engineering approach. Determine the force developed in the

members BC, BD, CD and DE of the truss loaded as shown in figure. [2+6]
40kN 30kN
: lB /l< R 10kN
A o
C ZFE G
b--—-—Sm T 3m T :im-—--“r
20kN
6. Define centroid and radius of gyration with examples. Find the moment of inertia of the

given section about centroidal axes. [4+8]

,  All dimension are in mm

7. Define friction, static and kinetic friction. Also explain about impending motion. 4]
8. Determine motion of particle when acesleration is given function of position. A ball is
thrown vertically upload from 20m level in an elevator shift with velocity of 20m/s. Afier

lmmmﬂadmnemwwmeSmmmwmwnwmt
velocity 2m/s. Calculate when & where ball hits the elevator. [4+6]

9. The bob of 3m pendulum deseribes an arc of circle in a vertical plane. If the tension in the
cord is 2 times the weight of bob of the position shown, find the velocity and acceleration
of the bob in that position, Define impulse momentum principle and dynamic equilibrium.[6+2+2]

L

2/2
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. Explain the basic concepts used to study the condition of rest or motion of particles and
rigid body under the action of force. Define transmissibility of force. [2+2]

2. A triped supports a load of 2.5 kN at point P as shown in figure. The end points A, B, C
of the three legs in the x-z plane. Make calculations for the force developed in each leg.
Explain free body diagram and its importance. [6+4]
y
|
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3. How does "Varignon's theorem" differ from "Principle of Moments"? Explain. Determine
the magnitude and point of application of resultant for a system of force consisting of a
square foundation ABCD supporting the four column loads as shown. {3+6]

4. State & prove parallel axis theorem. Calculate polar moment of inertia of the given

composite area about its centroidal axis. [4+8]
¥y

100 mm 100



5. What is impending motion? Explain why coefficient of static friction is aiways greater

than that of the kinetic friction coefficient? [2+2]
6. Draw axial force, shear force and bending moment diagram for the given frame. Also
indicate salient features if any: [13]
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7. Determine the member force in member BE, BD, FG and EG of given loaded truss. [8]
{5KN
!
A -
; .
8m J
i 4m

8. Explain about dependent motion of particles with suitable example. The acceleration of a
particle is defined by the relation 2 = kt — 4. Knowing that v = 4m/s when t = 2s and
v = -Im/s when t = 1s. Determine the value of constant k and write the equations of ,
motion when x =0 at t = 3s, [2+8]

9. Explain angular momentum and rate of change of angular momentum. The velocity of the
block A is 2 m/sec to the right at the instant when r = 0.73 and 8 = 30°. Neglecting mass
of the pulley and effect of friction, determine at this instant, [2+8]

(i) tension in the cable
(ii) acceleration of block A
(iii)acceleration of block B

dkk
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What are the equations of static equilibrium for 2D and 3D analysis of particle and rigid
body? Define free body diagram with examples. : [4+2]

2. Find the reactions at contact points of Ball A and Ball B. {7]

(l\. -
: A WA = SON, Wg =40N
ra = 10cm, rg = 8cm

3. Define Applied Mechanics and concept of rigid & deformed body. Find the magnitude,
direction and line of action of the resultant force as shown in figure below. [2+7]
70N :

4. What do you mean by determinate and indeterminate structures? Draw AFD, SFD and
BMD of the given frame loaded as shown in figure. Indicate the salient features if any.  [2+12]

5 KN
20 KNm 2 KN/m ~y \L
aJ’ VR AR
2 2m
m o 70 KN

30KN — ™" 30

2Zm 2m

1 Sm : 2m




5. Calculate the force developed in member BC, BG, HG and GD of the truss loaded as

shown in figure. Define determinate, stable, unstable structures. [5+2]
> J0KN ‘{-
'.4m
S|

SKN  10KN  15KN
{—4m __{ 4m ¢  4m |  4m

I i [ T 1

6. Find MOI about Centroidal XX and YY axes of the composite area. Define Centroid,
Center of Gravity and axis of symmetry. [8+4]

| ¢=10mm (circular hole)

—Elliptical hole
Z:a=12mm, b=8mm

7. What do you mean by friction? What are the laws of dry friction? Explain about static and
kinetic friction. [1+2+2]

8. Define Kinematics and Kinetics of particle. A train runs at a speed of 120km/hr in a
curved track of radius 900m the application of brake suddenly, causes the train to slow
down at a constant rate. After 6 seconds the speed has been reduced to 72km/hr.
Determine the acceleration immediately after the brakes is applied. [2+8]

9. Determine the acceleration of two block & tension in the wire when two blocks start form
rest. There is no friction & no mass of pully. Coeff. of kinetic friction is 0.4 and
ma=100kg and m=300kg. What do you mean by impulse momentum principle and
dynamic equilibrium? [7+3]

&%k
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Define the terms Rigid body and particles. [2]

What do you understand by Free Body Diagram? Explain with sketches. What is the
physical significance of static equilibrium? . [4+4+2]

In the system shown in figure, a 5Sm long pole is held in vertical position by three guy
wires AB, AC and AD. If the tension of 600 N is induced in AD and the resultant force at
A is to be vertical, determine the tension in cables AB and AC. [8]

4. What are the characteristics of couple? : [4]
5. What are the uses of friction in engineering field? 2]
6. Determine the centroid of the following composite figure. [10]
' Parabolic curve
y /;\ L I y=K?
EVertex) |] 125 mm
)4 (e
‘ ! \[25 mm
! : <
3]
25mm~  100mm
7. Analyze the following pin-jointed frame regarding the members AD, DC, DF, ED and

FC, using Method of Moment. [10]
G H
— 7
10 kN
Im
E F
Im
.
) Im
B




8. Draw axial force, shear force and bending moment diagram of the given frame. Indicate
salient features if any. ' {14}

15KN

N P

8 - b [

A

<

100 KNm w| £

T # 7/7;_1_

—

s am

9. What do you mean by dependent motion, explain with example? [2+8]

A projectile is fired from the top of a 30 m high building with an initial velocity of 45 m/s
at an angle of 35° with the horizontal. Neglecting air resistance, find

a) the greatest elevation above the ground,

b) the horizontal distance from the point of projection to the point where the projectile
strikes the ground '

c) the velocity with which it strikes

10. Define principle of impulse momentum for particle. A 20-kg package is at rest on an
incline when a force P is applied to it. Determine the magnitude of P if 10 s is required for
the package to travel 5 m up the incline. The kinetic coefficients of friction between the
package and the incline is equal to 0.3. [2+8]

LR
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1. Differentiate between particle and rigid body. % 2]
Determine the forces developed on the contact surfaces of the following body. Neglect
the effect of friction. Given: Mass of body A = Mass of body B = 100 kg
Dimensions of body A = Dimension of body B 9]
A container of weight W is suspended from ring A. Cable BAC passes through the ring
and is attached to fixed supports at B and C. Two forces P = Pi and Q = Qk are applied to
the ring to maintain the container in the position shown. Knowing that W = 376 N,
determine P and Q. 7]
¥
-
State and prove varignon’s theorem. ; [4]
5. Define the angle of friction, impending motion and condition of tipping and sliding of
block. [4]
Calculate the MOI about centroidal axes. All dimensions in cm. [10]
60 |
K y
20] ,
Y —
1 .
Flange b0
Web 7 |
Y
e



7. Determine the member force in AB, CE, BE, ED and BD for given truss. [10]
10 kN

J0KN
E 4Q@5m=20m
8. Draw AFD, SFD and BMD for the beam leaded as shown in figure. Also show the salient
point (if any). [14]
) 5kN
Intemal 10 kNfm l
Hi i
NN
cY¥ ~
" |
™ Tm 2m !
50 kN o m
N L
100 kN m% ¥ N
41m
A
A

9. Define tangential and normal component of acceleration. The motion of particle is given
by the relation v = 2 cos t and vy = sint. It is known that initially both x and y ccordinate
are zero. Determine

a) Total acceleration at the instant of 2 sec
b) The equation of path [2+8]

16. What do you mean by the principle of impulse and momentum? The motion of a 1000 gm
lock B in a horizontal plane is defined by the relations r = 3(1+sin 2t} and 0 = 2xt,
where r is expressed in metres, t in seconds and 6 in radians. Determine the radial and

transverse components of the force exerted on the block when [2+8]
a) t=0and
b) t=0.5sec.

Lk
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1. Define rigid body. Explain about the principles of Mechanics? [1+2]
2. It is very important to draw free body diagram for the analysis of problem in statics,

Explatn. Describe about the equations of static equilibrium for 2-D and 3-D analysis of a

particle and a rigid body. . [3+3]1
3. State principle of transmissibility with its limitations. Explain, couple is a free vector. [2+2]
4. Determine the magnitude; direction and position with respect to center 'O’ of the resultant

of the forces acting on the resultant plate ABCD as shown in the figure below. [8]

65 kN 55
4m so°
A T D
- v o f{—) 3m
150 kNm
: 30 kN
45 kN 30°
B = » . . - pe

5. Define centroid, centre of gravity and axis of symmetry. Find I« and Iy, for the given

triangle about it's centroidal axes. [3+9]

y

S ; -
i " 40 cm d i

6. A ladder shown in figure is 4m long and is supported by a horizontal floor and a vertical
wall. The co-efficient of friction at the wall is 0.3 and at the floor is 0.45. The weight of
the tadder is 300N. The ladder supports a vertical load of 1000N at C. Determine the
reactions at A, B and C and compute the least value of o. at which ladder may be placed
without slipping to right. [5]




7. Draw AFD, SFD and BMD for the following structure. Also show salient features, if any. [13]

L~ 60 KN/m

e e
C

o
=
o
3

=
~
4

=)

E

z

5 .

=

I 8m .

8. Determine the member forces in the members 26,23,27,67,37. How can we check the
determinancy and stability of the plane truss? Explain with examples. [5+4]

3SKN 45KN 40KkN
1 & Jrs J4 5
31,1 z,l:n ' R =
! N A

I
L 4@5m -]

9. Define average and instantaneous velocity. Two cars A and E travel along the same
straight route. At any time t their distance x, and x. from the starting point are given by: [2+8]

Xa = 2.5t+1.28%
Xe=3F025¢
Where t in seconds and x, and x. are in meters.

a) Which car is ahead just after they leave the straight point?

b) At what time are the cars at the same point?

¢) At what time is the distance between A and E neither increasing nor decreasing?
d) At what time do A and E have the same acceleration?

10. The resultant of the force applied on a 3kg particle is given by the relation;

Ez(thli\—Zé}tz }—40‘{3 kJN.The particle is initially at origin at rest. Determine the

y-component of accéleration, velocity and position at the instant of 3 sec. What do you &

mean by dynamic equilibrium for a particle? [7+3]
k%




g

11 TRIBHUVAN UNIVERSITY Exam.

INSTITUTE OF ENGINEERING Level BE Full Marks | 80
. . o o o BEL, BEX, BCT,
Examination Control Division Programme | BAVE, BIE, B Agr, | Pass Marks | 32
B. Arch.
2074 Chaitra Year / Part Time 3 hrs.

I/1

Subject: - Applied Mechanics (CE401)

o T Y

Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

1. Explain in brief about fundamental concepts and principles of mechanics.

N

What do you understand by Free Body Diagram? Explain with sketches. Also state

Varigon's Theorem and prove it.

Determine the values of the unknown forces P and Q for the system of forces to be in

equilibrium.

25 kN

Three gay wires are used in the support system for a television transmission tower that is
600m tall. Wire A and B are tightened to a tension of 60KN, whereas wire C has only 30
KN of tension. What is the moment of wire forces about the base O of the tower? The Y

axis is collinear with AO.

[3]

[4+4]

[4]

[7]




(

Fm wmqu‘*%?"*wmg{m I S g S o )

State and proof parallel axis theorem for moment if inertia. Determine moment if inertia
[4+8]

5.
about centroidal axes of the plane figure shown in below.
i 120mm i
= 150m //
= 2 J LA
le——90mnT x,i\ 130mm— L‘l

6 Define limiting. friction, -angle of friction and coefficient of the static and dynamic
[4]

friction.
_.7. Find the member forces of indicated members of the truss shown in figure below. Write
: [5+4]

dotwn the assumptions of perfect truss.
15KN jw
E e i ¢

¥ 7.51 H

L Y

b

l : =248

e o eeny

8. Draw axial forces, shear force and bending moment diagram and indicate the salient
i [13]

features if any for the given frame loaded as shown in figure below.

10KN/m
20k=KN

8 2 4m
S5m & m

JOKN Vv




9. Derive the relationship for normal and tangential components of acceleration for a
particle moving in a curvilinear path. A nozzle discharge a stream of water in direction as
shown in figure below with an initial velocity of 25m/sec. Determine the radius of
curvature of the stream (i) as it leaves the nozzel (ii) at the maximum height of the
stream. - [446]

Aa

1

10. Determine the acceleration of block "A" for the system, if the system starts from rest.
Coefficient of friction between block "A" and table is 0.25 and that between blocks "A"
and "B" is 0.35. Where weight of block A, B and C are 100 N, 50 N and 500 N

respectively. [10]

%%
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v’ Assume suitable data if necessary.

1. Define Equilibrium and its essence. What are the equations of static equilibrium for 2D
and 3D analysis of particle and Rigid Body? [6]

2. Replace the two wrenches as shown in figure below by a single equivalent wrench and :
determine the point where its axis intersects the XZ plane. [8]

3. Determine the tension in the cable BC which holds a part AB of length 4m length from
sliding. The past has a mass of 10 kg. Assume all the contact surfaces are smooth. [6]

57 S AR T ANN SRR A A TS

4. Tllustrates the conditions of no friction, no motion, impending motion and motion with
necessary sketches. How can you assure condition of sliding or overturning of the block? [3+2]




5. Determine moment of inertia about centroidal XX and XY axes of the plane figure shown

in figure below. Define centroid, centre of gravity and axes of symmetry. [9+3]
~l4cem
20 cm
1.5m 15cem
A3 em
1.2 m
6. a) How can you check the determinacy and stability of the frame? Explain with
examples. : [3]
b) Calculate and draw the axial force, shear force and bending moment diagram; with its
salient features for the given frame. [12]
40 kN/m

E;TJHHHHJ ¢
10 kN

/25 m
\// N 2 60 kN
N 2
/ 15m I
A 3m b 4m E

7. Find the member force in the indicated members of the truss shown below. - [8]

A C 3
7 10KN
— 4 @ 5Sm=20m

8. Explain about relative motion of particle with example. A projectile is fired from position
A with an initial velocity of 200 m/sec at a target B on right located 500m above from the

position A. The horizontal distance between A and B is 3000 m. Determine the firing
angle neglecting air resistance. [2+8]

9. The resultant external force acting on a 2 kg particle in space is

N A A
F :[IZt i—244% j—40¢ k)N » Where t is the time measured in seconds. The particle is at

rest at the origin when t= 0. Determine the acceleration component a,, the velocity
component Vy, and the coordinate y of the particle at the instant of 4 sec. What do you
mean by principle of impulse and momentum? [8+2]

ko
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1. What do you understand by a Rigid Body? Why it is necessary to assume a body as

‘perfectly rigid' for your present study? (3]

2. Write down the concept of rigid bodies and deformable bodies. What is Free Body
Diagram and why it is used during analysis of structure? 18]

3. Determine the resultant force and moment of the following system about the point 'O’ as
shown in figure below. [10]

1\_ Y
10KN £ A m
B 70 KN
200 KN
25M
X
- 3m

4. Two blocks A and B of 40 N and 20 N respectively are in equilibrium position as shown

in figure below. Calculate the force P required to move block A. Take p = 0.3 for all
. surface. [51

P :

T FPoT a8 (AL

ST




5. Calculate the moment of inertia of the: composite area as shown in figure about it's
centrorial axes. Define centroid, center of gravity, axis of symmetry and radius of
gyration. [8+4]

o . ” 700 mm

6. Draw AFD, SFD and BMD for the given frame and loading. Indicate salient points, if
: 14
iy 20 KN &S KN/m 2

R _6 KN/m

2m 2m. 2m

7. Write down the ideal assumptions of Truss. Calculate the member forces in all members
of the truss loaded as shown in figure below by using suitable method. [2+6]

40KN

8. Define the uniformly rectilinear motion and the uniformly accelerated rectilinear motion.
A projectile is fired with an initial velocity of 244m/s at a target B located 610m above
the gun A and at a horizontal distance of 3658m. Neglect air resistance, determine the
value of the firing angle . {2+8]
9. The motion of a 1000 gm block B in a horizontal’ plane is defined by radius,
r=2(l+cos 2 n t) and ® = 2 wt where '’ is expressed in meters and t in seconds.
Determine the radial and transverse components of the force exerted on the block B at 0.8
sec. Explain about principle of impulse and momentum. [8+2]

v,
=

#¥%
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v Candidates are required to give their answers in their own words as far as practicable.
v Attempt All questions.
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
1. Describe about the fundamental principle of applied mechanics. {31
2 Write down the steps to be considered while drawing a free body diagram. Illustrate

equilibrium condition of particle and rigid body in two and three dimensional analysis. i8]
3. Find the magnitude, direction and Position of resultant force of the following system as

shown in figure. [10]

209 KN D
ST 380 KN
30 il
CBm
150 KN
106 fﬂ A 5 G0
sm R

4. Describe the condition illustrating No friction, No motion, Impending motion and motion

with proper sketches. How can we assure condition of sliding and over turning of a

block? Explain with suitable figure. (3+2]
5. State and prove parallel axes theorem for moment of inertia. Determine centroid of the

given plane in figure below. [4+8]

y




6. Draw the Axial Force, Shear Force and Bending Moment diagram for the given frame

shown in figure below. Also show the salient features. [14}
p 20¥H
4 KN/m - 20KNm
e cmmm dos ot Hi_p_

}

¥ Bk
2

108 -*-—o B
20

it

J¢e— zm ——is%(—-hn-‘}]é i >

7 Find the member force of members 1-11, 1-10, 1-2 ,2-10 and 10-11 of the simply
supported roof truss loaded as shown in figure below. 8]
- 20KN

15 KN \é 9

12
Y iril : 5
%ﬁm j b 4m 4 m V
B .*AH * e = 7[

8. A ball is tossed with velocity of 10 m/s directed vertically upward from a window located
20 m above the ground. Knowing that the acceleration of the ball is constant and equal to
9.81 m/s* downward, determine: [8+2]

i) The velocity 'v' and the elevation 'y’ of the ball above the ground at any time 't'.

ii) The highest elevation reached by the ball and the corresponding value of 't'.

iii) The time when the ball will hit the ground and the corresponding velocity.
What do you méan by dependent motion? Explain with example. .

9. Define the linear momentum and angular momentum. Find the velocity and the
acceleration of the bob in the given position. The bob of a 2 m pendulum describes an arc
of a circle in a vertical plane, which is shown in figure below. If the tension in the cord is
2.5 times the weight of the bob for the position shown. [2+8]
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AN NN

1. Explain the physical meaning of equilibrium and its application in structural engineering. | 4]

a) Differentiate between rigid body and deformable body. Also explam the free body
diagram.

b) Determine the magnitude, direction and position of the resultant of the system of

forces with respect to point A shown in figure below. [12]
‘ 80 kN :

»

[2+2]

120 kN

| 150 kN
\ 100 KNm
ST

L_3m

s

gy

3. State and prove the parallel axis theorem for moment of inertia.bcter’minc the moment of -
inertia of the given composite area as shown in figure below about it's centroidal X-X

axis. [4+8]

4. Define friction force and explain condition of tipbing and sliding of a: block. . o [143]




5 Draw AFD ‘SFD and BMD of the ngen ﬁ'ame loaded as shown m ﬁgure below. Indicate - L

alsothesahentfeamresxfany e S S _ [14]
| 30KN | _AKNm  20KNm [SKN
, Vel ‘\
fYVY’)’YY) 7‘\_
- - . 2m
B A< % ~
L T 2m
B % ] 4
L L
) Im lm Im

6. Write down the ideal assumption of truss. Calculate the force developed in all members
of the truss loaded as shown in figure by using suitable methods. - [2+8]

40KN

| |
T 1om { ~  10m 1

7. What do you mean by dependent motion of particles? Illustrate it with suitable example.
: A parncle starting from origin is subjected to acceleration such that
= -2m/sec’ and a, = -5 m/sec’. The initial velocity is 60 m/sec directed at a slope of 30°
w.rt horizontal. Compute the radius of curvature at the end of 3 sec. Also determine its -
position at the end of 3 sec. ' ' [3+7]

8. Show that, "rate of change of angular momentum about a point is equal to moment of the
force about the same point." The resultant external force acting on a 5 kg particle in space

is F =(12ti-24t? j+ 40t’ k) N, where t is seconds. The particle is initially at rest at origin.
Determine the x component of acceleration, velocity and position at the instant of 5 sec.=  [4+6]

#xk

il
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1. Why it is necessary to assume a solid body as a perfectly rigid in the Engineering study. [31
2. What is free body diagram? The cylinder A and B rest in an inclined surface which makes

an angle of 25° with horizontal as shown in figure below. Determine reaction at contact

points. Take: . _ [2+6]

Weight of cylinder A (W,) =100 N
Weight of cylinder B (Wg) =200 N
Diameter of cylinder A (rp) = 60 mm
Diameter of cylinder B (1) =9

Find the resultant of force couple system at point ‘A’ as shown in figure below. Take
F; =100 KN, F, = 300 KN. Define a couple and show that couple is a free vector. {8+3]

- [5]




5. Calculate the moment of ihertiatbf the composite area about Y-axis.

T

A A T00

X ¥

'2‘75 mm

6. State laws of dry friction. How can we assume the. condition of overturning and sliding of

a block? Explain with suitable example.

[2+3]-

7. Draw axial force shear force and bending moment diagram for the given frame. Also

indicate salient features if any.

(Hinge) 5 KN/m

R U
C . . D

E

20 KN
f308
N
4m
- N,
7 10 KNfm

(4]

8. Find the member forces in CE, BE, BD and DE for the given truss. Define stability and

determinacy of structures with examples.

1 5@4m=20m

[5+3]

9. A projectile is aimed at a marked on the horizontal plan through the point of projection
and falls 10 shorts when the angle of projection is 15° while overshoots the mark by 25 m
when the inclination is 40°. Calculate the distance of the target and required angle of
projection, if the velocity remains constant. Neglecting air resistance. Define dependent

motion of particle with example.

[8+2]

i 10 Define the dynamic equilibrium.' Determine the velocity and acceleration of the partxcle
- if it moves along a curved path defined by r = 56 and 6 = t¥/3, wherer is m meters and t is

- in seconds Given that’ the instant angle is 6 = n/2.
EITH

[2+8]
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1. Describe the scope and importance of applied mechanics in engineering study. Define

free body diagram with examples. [2+2]
2. Determine the reactions at the contact points, if three cylinders are piled in a rectangular
ditch as shown in figure. Given that the weight of the cylinders are: W, =2 KN [8]
Wp=5KN

Wc=3KN

.7)%

3. How can you reduce a force into a force and couple? Obtain the resultant of the two pairs
of wrench shown in the figure. Indicate it’s line of action. : [3+8] |

\ﬂ/'~30Nm

40N
0. <.
4 =X
T
7 & 60N 40Nm

4. Determine centroid of the given plane figure. State and prove paralle]l axes theorem for
morhent of inertia. Define centroid and center of gravity. » [7+3+2]

Y
A




4

5. Define the angle of friction and also write the laws of static friction. [4]
6. Draw axial force, shear force and bending moment diagram for the loaded frame as
shown in figure below. Also indicate the salient featutes if any. - [13]
‘ <10 KN/m
30 KNm .
B Hinge
C .
5 KN/m™ - . 4m
‘ " | 20xN
Dje—
4m

7. Determine the total degree of internal, external indeterminacy of given truss. Also
determine the member forces in members BC, BG, HG and GD. T [2+6]

B. C D

4.m } 4m + 4m
+-1 +-1 }—4-1
t

8. The acceleration of a partial is given by a relation a = v>. It is known that at time t = 0,
position is -2m and velocity is 2m/sec. Find the displacement, position, velocity and
acceleration at instant of % sec. What do you mean by projectile and obtain the equations
for projectile motion. o [7+3]

9. What do you mean by impulse momentum principle? Two blocks A and B having

respective weights 500 N and 1000 N start form rest. The pulley is frictionless and also
practically mass less. The kinetic coefficient of friction between the block A and the
inclined surface is 0.35. Determine the acceleration of each block and tension in the cord. [2+8]

500N

NN NN

B 1000N

k%%

- A AT
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1. Describe the scope of applied mechanics in engineering. [3] Z
2. What is the physical meaning of equilibrium and why it is important in structure? How :
can we draw good Free Body Diagram? Explain with suitable examples. [4+4] - L-
3. Determine magnitude, direction and line of action of the resultant of forces acting in the
system shown in figure below. [8]
20N
60°{\
A 3m 2m B
3m
70°
3 m
106N ct———>50N
4. A commercial vessel is being pulled into larbour for unloading by two tugboats as shown
in figure knowing the vessel requires 150 KN along its axis to move it steadily. Compute
the tensions in rope AB and BC when a = 40°. 4]
A
00
Vessel B ~~ 3 150 KN
C
5. State and prove parallel axis theorem. Also determine the centroidal X and Y coordinate
of the hatched area. [3+8)



6. A uniform bar AB, weighing 424 N, is fastened by a frictionless pin to a block vs}eighing
200 N as shown in figure. At the vertical wall, p = 0.268 while under the block, p = 0.20.
Determine the force P needed to start motion to the right.

7. Draw the Axial Force, Shear force and Bending Moment diagram of the given frame.

Also show the salient features if any.

s .

60KN/m

36

—

\B

\YKRN-M

DRSS

—CM D -
> ntemal Hinge
% 0

8m

E

Sm

ab

8. Determine the member forces for given truss loaded as shown in figure below.

\.//

l"-—-6m--—-—f-.——6m-_...’
50 KN

|5

25KN

Va

10 KN

e

R

9. The motion of a vibrating particle is defined by the equations x = 100 sin =t and

y = 25 cos 2nt where x and y are expressed in mm and t in sec.

a) Determine the velocity and acceleration when t =1 sec

b) Find the nature of path of the particle

10. Determine the magnitude of force P required to give the block an acceleration of 10 m/s’.

Coefficient of friction between the block and the floor is 0.25.

;}n,?

W=2500N

|

b

30°.

A Ard

s s 77T

PIAPrATS

A

(5]

(13]

(8]

(10]

(10]

—

-
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v’ Assume suitable data if necessary.

1.{a.) Describe the Free Body Diagram add its importance in analysis of structure. (3)

{b.) Determine the force in each cable and the force F needed to hold the 10Kg lamp in the position shown in
figure below. ' (5)

10Kg ¢

{c.) Determine the magnitude and direction of the resultant force In the given force system (8)

i) 200 KN

Qe, Bm
Oﬂ KN-M 5 KN

100KN 2 300
- = 3

2.{a.) Define the Moment of Inertia, Polar Moment of Inertia and Radius of Gyration. (6)
{b.) Determine the Moment of Inertia of following enclosed (hatched) area with the curves y* = x. Use suitable method. (10)

’ )

3. (a.) Define the limiting friction, coefficient of friction and angle of friction. (3)
(b.} Write down the ideal assumptions of Truss. (3)

{c.) Draw the Axial Force, Shear Force and Bending Moment diagram of the given beam. Also show the salient features, if any.
(10)

LOOKN 50 KN
10 Xo/m

AIYWWY\’?WYY\lC 3

3m lm 1m



4. {a.) Auto mabile ‘A’ Is travelling east at the constant speed of 20 Km/hr. As automobile ‘A’ cros#es the intersection shown,
automobile B’ starts from rest 35m North of a intersection and moves south with a constant acceleration of 2m/s’.

Determine the position, velocity, and acceleration of ‘B’ relative to ‘A’; 10 sec after ‘A’ crosses tbe intersection. (10)
I5m ? b m/s2
T EEID—#%20 ke/hr
" .

(b.) Derive the expression for the tangential and normal ‘components of the acceleration. (6)
5.-(a.) Describe the translational, rotational and general plane motion of rigid body? lllustrate with suitable examples. (8)
{b.) Describe the impulsive motion and eccentric impact for the rigid body with suitable expression. . (8)

6. Write short notes on: (any four) ’ [4x4]

a) Force analysis for rigid bodies and their equations of motion

b) Conservative and non-conservative systems

c) Projectile motion with examples and applications

d) Distribution and centre of pressures on submerged surfaces with examples

N3

e) Determinate and indeterminate frames

* %k




——05 " TRIBHUVAN UNIVERSITY Exam. | Old Back (2065 & Earlier Batch) _
INSTITUTE OF ENGINEERING Level BE Full Marks | 80
Examination Control Division | Programme | BCE, B.Agri. | Pass Marks | 32
2070 Chitra Year/Part | I/1 | Time 3 hrs.

Subject: - Applied Mechanics I (Statics) (EG441CE)

Candidates are required to give their answers in their own words as far as practicable.
Attempt any Five questions. ‘

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

RN NS

. a) Define Free Body Diagram with examples. Why it is necessary to assume a solid
body as “Perfectly Rigid” for the study of statics? Define also the equation of statics
equilibrium. [2+3+3]

—

b) Two smooth rollers are supported by an inclined plane and a vertical wall as shown in
figure below. Find the reaction at all contact points using the following information:- :
Wa=100N,Ya=10cm Wg=140N, Yp = 14 cm. [8]

2. a) Define dot and cross product of two vectors. Define also the scalar triple product and
show that “scalar triple product represents the volume of the parallelopiped.” [2+4]

b) Two wrenches are shown in figure below, determine the equivalent wrench and also
indicate it’s line of action. _ [10]

> )

3. a) Define the terms: Centroid, Center of gravity and axis of symmetry State and prove
the parallel axis theorem for moment of inertia. : [3+4]



Sr—

b) Locate the centroid of the shaded area as shown in figure below by the method of

integration. [9]
Y .
AN
y = mx
\ \\\ b
Y.
\ y = Kx?
0] \ S,

4. a) Obtain the expfession for total pressure by the liquid on an inclined immersed surface. (6]

b) How can we assure the condition of sliding and overturning of a block? Explain with
suitable example. A block of weight W) = 800 N rests on a horizontal surface and
supports on top of it another block of weight W, = 500 N as shown in figure below.
The block W, is attached to a vertical wall by the inclined string AB. Find the
magnitude of the horizontal force P, applied to the lower block as shown, that will be
necessary to cause just sliding. The coefficient of static friction for all contact surfaces

is 0.4, [3+7]
1
»
/ E
A
4
/ ./
1. Wz./
/
A \ P
/ .
| NN -

TFTFTT I 7 TT 77 )T 77777777777

5. a) Define plane and space structures with examples. How can we check the déterminacy

and stability of the structures (ie beam, frame and truss)? Explain with suitable
examples. [2+6]

b) Calculate the force developed in all the members of the truss loaded as shown in
figure below. (8]




6. a) Obtain the relationship between load, shear force and bending moment for a beam
' section loaded with intensity of load w.

b) Draw AFD, SFD and BMD of the given frame loaded as shown in figure below.
Indicate also the salient features if any. '

(4]

(12]
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1. Describe briefly the concept of particle, rigid body and deformable body. 3]
2. Describe Free Body Diagram and physical meaning of equilibrium. Also describe the '
importance of Free Body Diagram and equilibrium in structural analysis. [2+2+2+2]
3. Replace the two wrenches as shown in figure by a single equivalent wrench and
determine (a) the resultant force, (b) indicate it's line of action. [8]
\zg‘ 50 N-m
4 30N
)
8m
P
X
40N \7§§
z 90 N-m
4. Determine the value of F1 and F2 if the forces shown in figure below are in equilibrium. [4]
| F,
I
20 KN I 40°
< Q “
~ > F,
75 KN
5. Determine centroidal x coordinate of the shaded area shown in figure below. [4]
y y=12x-1.5%
7 X




6. Determine radius of gyration (r;) of the angle section shown in figure below about

centrodal x-axis.

—

3cm

9 cm

3cm

Ke——

6 cm .

(81

7. lllustrate impending motion state of friction and demonstrate the change in frictional

force for different motion stages using relevant figure.

(4]

8. Draw AFD, SFD and BMD of the given frame loaded as shown in figure below. Indicate

the salient feature if any.

10 KN
[60KN/m l

I i
%LLKN___>B u 12KN4Ijl
3 "A’Q' |
.

9. Compute the force developed in the member BC, BD, BE, DE, DG and EG of the given
truss loaded as shown in figure.

10. Define uniformly reétilinear motion and uniformly accelerated rectilinear motion. A
projectile is fired with an initial velocity of 244m/s at a target B located 610m above the

level of gun A and at a horizontal distance of 3658m. Neglecting air resistance, determine
the value of the firing angle.

11. Define the linear momentum and angular momentum. Find the velocity and acceleration

of the bob in the given position. The bob of a 2m pendulum describes an arc of a circle in

a vertical plane. Tension in the cord is 2.5 times the weight of the bob for the position
shown. '

[14]

(71

[2+8]

[2+8]
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1. a) Derive the relationship between load, shear force and bending moment. [4]

})’Draw axial force, shear force and bendihg moment diagram for the given loaded
frame as shown in figure below.

12 kN/m
5 KN/ \P‘ —
NG ‘ I T

i

[ B B

am 7 5 kNm

s
77777
6m

2. g,)’/Whaf is the equilibrium of a body? Write the conditions of equilibrium of a particle.

[12

(4] &

(12] 4~

—

@‘)bA plate of size 6m x 4m is acted upon by a set of forces in its plane as shown in‘ figure
X elow. Determine the magnitude, direction and position of resultant force.
. . L
100N lmN
60N

D . C

] 3
1 k— dm —

4m

100N

80Nl

Al 6m -{B

3. a) Determine the centroid of right angle triangle by method of integration. (6]



b) Find the moment of inertia and radius of gyrauon about X-Y axis of the figure shown
below. [10]

Y h ’ .
A : : 2

]

'
Scm

¥

10cm g
4. a) What is the angle of friction? Explain about tipping and sliding of block? L\ [6]
b) Determine the support reactions and forces in all member in the given pin jointed
truss as shown in figure below. . _ [10]
D
15KN £
1.5m
C x>
Jr 1.5m
10KN B 2
'y 2m y 2m e
A A 21
5. a) What is the linear momentum? Explain about rate of change of it. 141

b) Two blocks shown in figure below start from rest. The horizontal plane and the
pulleys are frictionless, and the pulley is assumed to be of neghglble mass. Determine

_ the acceleration of each block and the tension in each rod. . [12]

.- —
200 kg . ) - o

406 kg

6. a) Mention the types of support on structures and support reactions with its free body

diagram. . (6]
‘b) Fora ?artlcular body movmg rectilinearly, d = —~10x2, where a is the acceleration in
m/sec” and x is in meter units. It is known that when t = 2 sec, x = 8m and v = 3m/sec. »
~ Determine its acceleration when't = 3 sec. - {10} -
kKK
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¥ (Candidatés are required to give their answers in their own words as far as practicable.
V' Attempt any Five questions. A
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
1. a) What are the fundamental concepts and principles of Newtonian mechanics? . (4]

b) Draw bending moment diagram, shear force diagram and axial force diagram for the

given figure below. And also indicate the salient points if any. [12]
' ' 10KN/m _
T TN
- YYVY VY VY YY YY YV O ,
i B .C ] D iCE)
2m
4m 5KN
) N B
‘[ i E
21
—X- rr s
AL 4m q
. © N
2. a) Explain principies of transmissibility and its limitations. ¢ [6] %

b) Determine force couple system about point ‘A’ for the given system of forces as
shown in figure below. : - [10]

o~ ey

SORN 5

60KN .'
A ’h | F\/45

D
A B “20KNm B E
I S —p ¥
T oam 7 6m T om 2



3. a., Explain the characteristics of friction with sketch. [4] ;

b) Determine the moment of inertia of the common area as shown in figure below abnut

x and y axis. - : _ - [12]
- » Y{h- 2. - | '
KVx
*
b I 45
l
- I b
| = mx l
N
} — 2
0 J a U N
: (5]

500N
b)' Determine the forces in all members of the truss shown in figure below. [11]

10.8KN 10.8KN
k— 22.5m -—>‘<—— 35m — )
AN h

/lf C‘T . : 9

5. a) The %osmon of particle which moves along a straight line is defined by the relation
= t'/3— 6t*~15t. Where x is in meter and t is in seconds Determine: (81

1) The time at which velocity will be zero

1i) The position and distance travelled by the particle at that time
i11) The acceleration of the particie at that time

b) Define dynamic equilibrium. Also state equation of motion for rectilinear and
curvilinear motion of particle. : (8]

6. a) How the motion of a ndrtlcle is found when the acceleratxon is a given function of 3
tl"l\, . - - A Ny . [6‘3 .

== b) A particle projected at an angle of 0 to horizontal axis with an initial veloéity of =i
61m/sec hits a target located at 600 meter below the horizontal axis and having thew.. -
inclined siope of % downward from the axis of to the target. Find the projected angle
6 and the maximum height achieved by particle fror: the target. % [10]

dekok

»
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v

v’ Attempt All questions.

v

v’ Assume suitable data if necessary.

PN I

‘What are the fundamental principles of mechanics? Explain briefly.

Two identical rollers each of weight W = 500N are supported by an inclined plane and'a .

~ vertical wall as shown figure below. Draw the free body diagram of each roller

separately. Assuming smooth surfaces, find the reactions induced
~A,Band C

3. Use the method of sections to compute the force in bars BC, DF
: truss loaded as shown in figure helow.
‘E KN
D_ /

75 KN

4

at the pomts of support

and CE of thn Warren

4. A 10m ladder is leaning against a smooth vertical wall and the flogr-witi the friction-

_ =" coefficient 0.4. Determine the normal reactions and the friction force at the top and

bottom of the ladder. =

Time 3 hrs.

(8]

[8]

[4]



G/»—‘
" { 5./ Determine the moment of inerti
centroidal Xg axis.. : : o A : 2y . -
B - -
-
) -
-6. What are statically determinate and indeterminate structures? Draw axial force, shear and
bending moment diagrams of the frame loaded as shown in figure below. ’ : {3+10}) -
~ 20KN/m &{IOKN . ' ‘
e LR z
= e 5 . =
2m <m 4 —
< 15KN ——a m
E
4 4. SKN i !
< 74’;7' _@_ A e . o
. Sm e S ) ;
7. Define the uniformly rectilinear and uniformly accelerated rectilinear motion. Auto ‘
mobile 'A’ is travelling east at the constant speed of 20 Kim/hr. As automobile 'A' crosses '
the intersection shown, automobile 'B' starts rest 35m North of a intersection and moves -
South with a constant acceleration of 2m/s’. Determine the position, velocity and ’
acceleration of 'B' relative to 'A’; 10 sec after 'A’ crosses the intersection. : [2+8]
] —
L .
. Sy ,%.B mfe2
) ’ -~
_______ SEURS
RO ki
8. A particle projected at an angle of 20° with the horizontal axis with an initial velocity of - : ‘
50m/sec. hits the target located at 'h' meter below the horizontal axis having the inclined | L
. ‘Q' . —
: -




- oy the pro;ecﬂle and the rammz,m bexf’ht acmeved bv t.‘m. prcjecm!e om the target“' e

In Fxcme b._low is enown a aystan of parnczsrﬁf time t moving in Lhe xy plane. The = _
follmﬁﬁﬁﬁata apply: o _ _ —
i : . m=05 kgt ' - Vy=151+1.5j m/s , v : T '
by m; =0.35kg Vy=-1.3i+ 1j : L N
‘ : m=1kg =~ - - V3=-13i . : _ S .
my=0.75kg Vi=1i-13 :

a) What is the total linear momentum of the system?
b) What is the linear momentum of the center of mass?.
¢) What is the total moment of momentum of the system about the origin and about
point (2,6) '7 , . . , - {4+4+4]
. Y ' o /Vl .

5,8

- my(2, 4)

ma(-2, 2)
. vV, -

4 X

9. Define moment and couple. Determine magnitude direction and position of the resultant
. force of the forces acting on a rectangular plate shown in figure below. . [2+8]

30N 50N

h .
(—Tr’é- 2m

!A Bl 520N
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NRNENEN

é) Define rigid and deformable body. Explain principles of free body diagram and static
equilibrium while solving problems in statics? Support your answer with examples. [4]

—

b) Draw bending moment, shear force and axial force diagrams for the given figure. And
also give ordinates of the salient points, if any. ' [12]

30KN/m -

BYIF¥YIYVINIVYC

4m

»ld

L 3m
r‘ .

2. a) Two.cylinders A and B rest in a channel as shown in ﬁgufe below. ‘A’ has a diameter
of 10cm and weight 20kg. ‘B> has 18cm diameter and weight 50kg. The clhannel is

18cm wide at the bottom with one side vertical and other side at 120° as shown.
Determine the reactions at four contact points. [11]




b) State and prove the parallel axis theorem for moment of inertia.

3. a) Calculate the member forces of the glven truss shown in figure below.

4.

20 KN 10KN
12n1—— 4—~12n1——ﬂc

NV,

b) Define discrete and continuum structure. Also discuss about stability, indéterminacy,
and determinacy of structures with suitable examples.

a) Define limiting friction and 1mpend1ng motion. Justify why coefficient of static
friction is greater than coefficient of kinetic friction.

b) Determme the moment of inertia and radius of gyration of the common area as shown
in figure below about x and y axis.

A

Y
Y, =KX ‘ 5
|
- ) . l .
§ 30cm
|
1
K=KX |
ol ) ™
e——— 80cm ———3

a) The acceleration of a particle is directly propbrtioﬂal to the time (t). At time (t) =0
the velocity of the particle is v = 16 m/sec. Knowing that velocity (v) = 15 m/sec

position (x) =20m and time (t) = 1 sec, determine the velomty, the position and total
distance travelled when time (t) = 7 szc.

b) A particle is projected at an angle of 30° to horizontal axis with an initial velocity of
61m/sec hit the target located at ‘h’ meter below the horizontal axis and having the
inclined slope of % downward from the axis of the target. Find the sloping distance

covered by the projectile and the maximum height achieved by particle from the
target.

2) Define angular momentum and also prove that rate of change of angular momentum is
equal to the moment of the force acting on that particle about the same point.

b) The motion of a particle is defined by the position vector (r) = 3t%i + 4t%j + 5t'k where
r is in meter and t is in second. Find the normal and tangential component of
acceleration and the principal radius of curvature at the ifistant when t = 4 secs.

Aok R

(3]
(10]

(6]

(3]

[11]

(8]

(8]

(6]

(10]
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1. a) Define free body diagram with a suitable example. Also mention the points to be
considered while drawing free body diagram. : (4]
b) Draw bending moment, shear force and axial force diagrams for the given Figure 1.
And also indicate the salient points. ‘ [12]
-+ 200KN 4

¥ ‘( BOKN-m 20KN/m .
A7 W VI VIIVIWF
: B - ‘D .Q.E
2m , .2m - 2m 4m 4m

Figure. ..1
2. a) Two identical rollers, each of weight (W) = 100N, are supported by an inclined plane - =

and vertical wall as shown in Figure 2. Find the reaction at the contact points. Assume
all surfaces to be smooth. ' (8]

Figure - 2
b) Determine the forces in the truss shown in Figure 3 which carries a horizontal load of
50 KN.[8]
50 KN
ar— 1
" 3m.
b c ¥
3m
d e 52




3ooa) Provn that wniie o poeSSURE |5 aiwsys velow tne centroid or piane sarface submerg :d

in the liquid. [6]

b) Determine the moment of inertia ard radius of gyration of the given area as shown'in
Figure 4 about centroidal axis. o (10]

‘A Quarter of
B Circle

70 mm

70 mm

JJO0mm 7omm, A

Figure 4

4. a) The acceleration of the particle is directly proportional to the time (). At t =0, the
velocity of the particle (v) = 16m/sec. Knowing that velocity (v) = 15m/sec and that

» ‘ X = 20m.when t = ! -ec, determine the- \mlocxty, the position and the total distance

* . travelled when t = 7 sec. [8]
b) An aeroplane used fo drop water on bushfire is flying horizontally in a straight line at

315 km/hr at an altitude of 80m. Determine the distance (d) at which the pilot should

- release water so that it will hit the point whereat fire starts. (8]

B . a) A 30 kg block is dropped from a height of 2m onto the 10 kg pan on the top of a

spring scale. Assurnmg the impact to be perfectly plastic, determine the maximum
deflection of the pan. The constant of spring (K) = 20 KN/m. [10]

What is meant by kinetic energy of a particle? Show that the kinetic energy of a ;_;
particle also represents the capacity to do work. - [6]

Describe general plane motion briefl; v with suitable figure. | T[4
- A 20 gm bullet ‘B’ is fired with a Liorizontal velocity of 450 m/sec into the side of a = - -

10 kg square panel suspended from a hinge-as-A’sas:shown in Figure 5. Knowingthat =" 77

the panel is initially at rest, determine (i) angular velocity of the panel immediately
after the bullet becomes embedded, (ii) the unpulsxve reaction at ‘A’, assuming that
the bullet becomes embedded in 0 6 mins.

[12]

. 350 mm
450 mm
. . G
i

B
[em—

Vs =450 m/sec

450 mm

Figure 5

okekok
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ANANENEN

fowy

a) A block A is constrained to move along a 20° incline in the yz plane. How far does ;
the block have to move if the force F is to do 10 fi-£b work? ’ [6]

e ~

F = {101+ 20} + 15Kk} &b

Block A

b) What is the moment of the forces shown about point A and about a point P having a
- " " " T S
position vector 1, = {10i + 7] +15k}m. : [10]
Az

[

500N 200N

C
: \ E -,
-

3m {200N |

. 500N 4m
F 4m A

X .
2. a) What are the co-ordinates of the centroid of the shaded area? The parabola is given as
y? = 2x with y and x in millimeters. [10]

P X
co: o x=10mm. - o
R e A A

GRS

3. a) Draw the shear force and bending moment diagrams for the beam loaded as shown.
Find the value of shear force where the value of ‘bending moment is maximum

sagging. : ; .
: J:OKN J754KN > 22.5KN/m
A

B wc  plubl

18m , 24m . 3 L 24m o
I ~A 7T >4 >t

'b)” State and prove the parallel axis theorem., =

oy




e e ey

b) Determine the number forces in members BDY, CD and CE for the truss as shown
using method of section. B ' , _ _[6]

3@4m=12m.
. a) The acceleration of a particle is defined by the relation a = —Kx72. The particle starts
‘" 'with no initial velocity at x = 800mm, and it is observed that its velocity is 6 m/sec
when x = 500mm. Determine (i) the value of K (ii) the velocity of the particle when

x=250mm. - (8]

b) A nozzle at A discharges water with an initial velocity of 12 m/sec at an angle of 60°
with the horizontal. Determine where the stream of water strikes the roof. Check that
the stream will clear the edge of the roof. 8]

«~ Stream of water

" 16.0m o

7. ;
. a) A spring is used to stop 90 kg package which is moving from a 20° incline. Thé
spring has a constant of K = 22 KN/m and is held by cables so that it is initially
compressed 150mm. Knowing that the velocity of package is 2.4 m/sec when it is

7.5m from spring and neglecting friction. Determine the maximum additional
deformation of the spnng in bringing the package to rest. [10]

Sm

Spring
b) State and explain the principle of consc;rvation of energy. [6]

. ‘a) General plane motion of a rigid body can be considered as the sum of translational
and rotational otion. Justify the expression with examples. (6]

b) A uniform disk of radius C = 160mm and mass m = 6 kg hanges freely from a pin
support at A. A force P of magnitude 20N is applied as shown to the chord wrapped
around the disk. Determine (i) the distance T for which the horizontal component of

o the reaction at A is zexo (i) the ForreSpondmg angular acceleratxon of the dlSk [10]

. 'Where
C =radius of
the disk -

T

vo—
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1. a) State the Varignon’s theorem and also prove that a couple is a free vector. . [4]
b) Draw bending moment diagram, shear force diagram and axial force dlagram for the
frarne shown in Figure No. 1. : [12]
© . 5KNim - 10KN/m
OIH ! \
1D
2m -2m
SKN | A 4 Figure no.1
—biB
E
2m
| S
b |

N2

a) Find the magmtude and dlrectlon of the resultant forces and moment of the following
system about the point ‘O’ as shown i in Figure No. 2. [8]

!

\ Figure no.2

e §m ————0"| 20 KN



OO
ERR > R

b) Determine the member forces in the pin joined truss shown in Figure No. 3.

b

Imx2 = 6m I

AN 20KN
20 Am
Figure no.3

3. a) Prove that centre of pressure is always below the centroid of vertical plane surface

submerged in the liquid.

' b) Determine the moment of inertia and radius of gyratlon of the shaded area as shown

in Flgure No. 4 about X and Y axes.
Yy

Figure no.4

a) A ball is thrown vertically upward from the 12-m level in as elevator shaft with an

initial velocity of 18 m/sec. At the same instant an open-platform elevator passes the
5-m level, moving upward with a constant velocity of 2 m/sec. Determine (i) when
and where ball will hit the elevator, (ii) the relative velocxty of ball with respect to the
elevator when ball hits the elevator.

b) The rectangular component of acceleration for parucle are ax = 3t and a, = 10t, where,

a is in m/sec?. If the particle starts from rest at the origin, find the radius of curvature
of the path at the instant of 2 sec.

a) The balls ‘A’ . and ‘B’ having same masses are coming from opposite direction:

forming an oblique central impact along horizontal plane surface (line of impact
along x-axis). The velocities and direction of balls are 40 m/sec, 60° and 30 m/sec,
30° to x-axis respectively. Assuming e = (.9, determine the magnitude and direction
of the velocity of each ball after the impact.

b) Show that the rate of change of angular momentum of the particle about any point is

equal to the sum of the moments about the same points of the forces actmg on the
particle.

a) State D’Alembert’s Principle; also derive the equation of angular momentum of a

rigid body in plane motion.

b) A spheré of radius ‘r’ and mass ‘m’ is released with no initial velocity on the incline
surface and rolls down wiihout slipping. Determine (i) the minimum value of the

coefficient of static friction compatible with the rolling motion, (ii) the velocity of the

mass center of the sphere after the sphere has rolled 4m, (iii) the velocity of mass

centre if the sphere were to move 4m down a frictionless 30° incline.

A of ke

(8]

. 16]

[10]

(81

(8]

[10]

(6]

(4]

[12]
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1. Differentiate between particle and rigid body. [2]
2. Determine the forces developed on the contact surfaces of the following body. Neglect
the effect of friction. Given: Mass of body A = Mass of body B =100 kg
Dimensions of body A = Dimension of body B 9]
B
3’ A
-
/ 7
’ 15°
3. A container of weight W is suspended from ring A. Cable BAC passes through the ring
and is attached to fixed supports at B and C. Two forces P = Pi and Q = Qk are applied to
the ring to maintain the container in the position shown. Knowing that W = 376 N,
determine P and Q. [7]
¥
4. State and prove varignon’s theorem. {4]
5. Define the angle of friction, impending motion and condition of tipping and sliding of
block. [4]
6. Calculate the MOI about centroidal axes. All dimensions in cm. [10]
60
201
¥
Flange st
Py
Wab ~7

20



7. Determine the member force in AB, CE, BE, ED and BD for given truss. f10]

10 kN
~

o \‘30"

A
pa €
0KN
S 48@5m=20m .
8. Draw AFD, SFD and BMD for the beam loaded as shown in figure. Also show the salient
point (if any). [14]
, 5 kN
Intemal 10 kNim
Hinge. [T111T |
WL
C v
i Tm < Tm '}
50 kN - 4m
N i
100 kl\!.m%uvj ,,_T&”
4 m

;Q}J

9. Define tangential and normal component of acceleration. The motion of particle is given
by the relfation v, =2 cos t and v, = sint. It is known that initially both x and y coordinate
are zero. Determine

a) Total acceleration at the instant of 2 sec
b) The equation of path [2+8]

10. What do you mean by the principle of impulse and momentum? The motion of a 1000 gm
block B in a horizontal plane is defined by the relations r = 3(1+sin 2nt) and 0 = 2xt,
where r is expressed in metres, t in seconds and 0 in radians. Determine the radial and

transverse components of the force exerted on the block when [2+8]
a) t=0and
b) t=0.5 sec.

Aok
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. Define the terms Rigid body and particles. [2]

What do you understand by Free Body Diagram? Explain with sketches. What is the
physical significance of static equilibrium? [4+4+2)

In the system shown in figure, a 5m long pole is held in vertical position by three guy
wires AB, AC and AD. If the tension of 600 N is induced in AD and the resultant force at
A is to be vertical, determine the tension in cables AB and AC. [8]

What are the characteristics of couple? : [4]
What are the uses of friction in engineering field? 2]
Determine the centroid of the following composite figure. [10]

N

Parabolic curve
! y=Kx2
125 mm

: 100mm”~

25mm

Analyze the following pin-jointed frame regarding the members AD, DC, DF, ED and
FC, using Method of Moment. [10]
G H

e '
10 kN
Im




8. Draw axial force, shear force and bendmg moment diagram of the given frame. Indicate
salient features if any. (141

15KN
‘ piy] KN/m

e bl 11./'“

8

S5 KN
-

m

100 KNm oy |

4dm

T é} ) L
st

9. What do you mean by dependent motion, explain with example? [248]

A projectile is fired from the top of a 30 m high building with an initial velocity of 45 m/s
at an angle of 35° with the horizontal. Neglecting air resistance, find

a) the greatest elevation above the ground,

b) the horizontal distance from the pomt of projection to the point where the projectile
strikes the ground

c) the velocity with which it strikes

10. Define principle of 1mpulse momentum for particle. A 20-kg package is at rest on an
incline when a force P is applied to it. Determine the magnitude of P if 10 s is required for
the package to travel 5 m up the incline. The kinetic coefficients of friction between the
package and the incline is equal to 0.3. [2+8]
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1. What are the equations of static equilibrium for 2D and 3D analysis of particle and rigid

body? Define free body diagram with examples. , [4+2]
2. Find the reactions at contact points of Ball A and Ball B. ' [7]
\[’ kg ‘WA=50N, WB=40N

ra = 10cm, rg = 8cm

S
gy

0 ;

3. Define Applied Mechanics and concept of rigid & deformed body. Find the magnitude,
direction and line of action of the resultant force as shown in figure below. [2+7]
70N :

4. What do you mean by determinate and indeterminate structures? Draw AFD, SFD and
BMD of the given frame loaded as shown in figure. Indicate the salient features if any.  [2+12]

S KN
20 KNm 2 KN/m ~ \[/
Q’Jf AR A
2 3’; _TOKN
30KN — e 30
Zm 2m
g: Sm : 2m




5. Calculate the force developed in member BC, BG, HG and GD of the truss loaded as

shown in figure. Define determinate, stable, unstable structures. [543}
D
B g > 10KN ]-
..4m
A ' b F E ...!.

A N R

A4 ! -
SKN  10KN  15KN

l—4m ¢ 4m ;  4m { __4m
! T { T -
6. Find MOI about Centroidal XX and YY axes of the composite area. Define Centroid,
Center of Gravity and axis of symmetry. [8+4]
] 4mm1 oy ____ _¢=l?mm (circular hole)

16mm ~—Elliptical hole

- #=12mm, b=8mm

7. What do you mean by friction? What are the laws of dry friction? Explain about static and
kinetic friction. [1+2+2]

8. Define Kinematics and Kinetics of particle. A train runs at a speed of 120km/hr in a
curved track of radius 900m the application of brake suddenly, causes the train to slow
down at a constant rate. After 6 seconds the speed has been reduced to 72km/hr.
Determine the acceleration immediately after the brakes is applied. [2+8]

9. Determine the acceleration of two block & tension in the wire when two blocks start form
rest. There is no friction & no mass of pully. Coeff. of kinetic friction is 0.4 and
m4=100kg and mp=300kg. What do you mean by impulse momentum principle and
dynamic equilibrium? [7+3]
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