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' The figures in the margin indicate
-V Assume suitable data if necessary, MM

1. Describe the scope and importance of ed mechani
body and deformable body. SeElle medkienich S oM H R

2. a) If the magnitude of the resultant force is to be 9 kN directed along the positive x-axis.
Determine the magnitude of force T acting on the eycbolt and its angle 0, [4]

v8 kN !

b) A lamp is held in between two fixed A and C through cord and spring respcctlvely
Determine the required length of cord AB so that the 9 kg can be suspended in the
position shown, where BC is horizontal. The undeformed Icngth of spring BC is 0.4 m
and the spring constant, K = 300N/m. : 5

A ' Vo |
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3. Exp]am the reduction of system of forces to wrench. Fmd the resultant of the force system
- atpoint A. The 300-N 200-N, and 900-N loads are at the centers of the pipe secnons [3+7]




: ;{#ﬁowutWhenatlﬁidMyhh
f __en bf static and kinetic ﬂ'ieﬂon as u‘

respectively.
6. Draw axial force, shéar foroe an& bonding momcnt dxagmm' and obtain sa.lient
for the ngen frame loaded as s}lown m figure, -

.,‘: (. e
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15KNm J :
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7. What are the assumptions of perfcct truss? Determine the force developed i in the membas
BC, BF, FE and FC of the gwen tmss H

i % 2
R , : ATy .o
8. Determmc the ve]ocuy and accelei‘atmn of the parncle if it moves along a curved plﬂl,
defined by r = 30 and 0 = /3, where, r is in meter and ' i is in seconds. Gwen \‘hat the k
instant angle is 6 = /3. Explam depcndent motion briefly.

9. Describe lincar momentum, angular momentum and dynamic equilibrium, The: bob of
5 m pendulum describe an arc of a circle in a vertical plane. If the tension in the cord IS

3 times the weight of the bob for the position shown, find th acceleration ’ ;
the bob in that posmon ind the velocity and acceleration @

. ~
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wers in their own words as far as practicable.

<K<

1. Explain the concept of rigid body and deformable body. (4]

2. What is free body diagram? The cylinder 1 and 2 of same diameter rest in an inclined

surface which makes an angle of 15° with horizontal as shown in figure below. Determine
reactions at contact points. Take [2+8]

Weight of cylinder 1 (W) =100 N
Weight of cylinder 2 (W) =200 N

e —

3. A plate measuring 6 m x 5 m is acted upon by a set of forces in its pléhe as shown in
- figure. Determine the magnitude direction and position of resultant force.State and prove |
vangnons theorem. S [6+3] !

200N 120 N

D I C /4se : :
I e—— 3 M ——E - . |

80N

4m
1 6m 100N . |
09
80 N — o
A B \ |
4. Define moment of inertia and radius of Gyration. Calculate the M.O.L for the following :
figure about centroidal x-axis. [(3+9] |

, ¢
A




dependent motmn. A

',.fome ac,t:ng on a4 kg partxcle in space is ﬁxzqﬂt‘f %I
particle is at rest and at origin. Determine y-componént' of accqlmﬁ
posmon at the instant of 4 scocmda

Aok ok
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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 Murks,
v Assume suitable data if necessary.

1. “Objects do not necessarily need to be small to be accurately idealized as a particle in the

study of mechanics™. Justify the statement with suitable example. 4]
" 9. Define the free body diagram with examples. Compute all the unknown reactions and
contact force_s from the given figure. Given, weight of P, Q and R are 2 kN, 4 kN and
2 kN respectively. Their diameters are shown in the figure. [2+7]
; T iA48em
3. Two fofcés,o_f the same magnitude 36-kN act on a cube of side 3m as shown. Replace the
two forces by an equivalent wrench and determine’ the pitch and axis of wrench. Explain
principle of transmissibility of force and its limitation. o ik [7+3]
Y3 :
A T 30 kN
'>°\‘$X <
—>X
3m
Z
4. a) Determine by method of integration, the centroidal y-distance of a quarter circular
area lying on first quadrant. ’ - [4]
(8]

b) Calculate moment of inertia of the shaded section below about centroidal x-axis only.

_2m. 3m SamSomee

g

ERTTEEPTRY Bl ST et S b il Gt A

2

AL

Pt 1 L)




L 'almr!bmandbondlnc nometit at
wm SFDmdBWahaMnﬂm eatu
 and indetpmimyof&nmemotm

i LR dm JZm; th ,,',.@!’m;g A
Lo S e |
- Methe fome-developéd in members BD, CD“EG“*’ dﬁE ofih&vawﬁ
,i-‘, 5 = - : < : =i 3 = 3
S ) ~2m o Bt

'f..r‘§~. Eenve ém’ expressmn to determme motion of parhcle when vaoceleratton is ﬁe
ﬁmeuon ef ﬁmeu The motion - fof part(ele is- deﬁned b_y pesmnn
= o

'-4“‘

-
! ‘!. ey
e

Glﬂ?VﬂtuIC - ".' ' 3 5 .

9 Two biecks shown n hgure starts ﬁom rcst. The pullays are ﬁmmnlm an&hmm |
* mass. The kinetic co-efficient of friction between block A and mekmd.glme is 033-
" Determine > the ‘acceleration of each block and tensmn m each chord. Whaido younlﬂ »

4by equxlibnum?




. n ey b s Sk A )

TRIBHUVAN UNIVERSITY Exam.
INSTITUTE OF ENGINEERING | Lovel
Exmnination Control Division | programme
2078 Poush Year / Part

e o B ) — PSR
- - - - - -

-
o T .

o

B

. TS'ub;ect - Ap;;lied. Mechanics fCE 45 1)

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

s Attempt All questions. :
/ Thefigures in the margin indicate Full Marks,
v/ Assume suitable data if necessary.

| Define a particle and rigid body. Why it is necessary to assume a solid body as "Perfectly
: rigid" for our present study (ie. study of statics)? 247

5. Three cables attached to a disk exerts on it the forces shown. [2+6]

(i) Replace the three forces with an equivalent force couple system at A. A
(if) Determine the single force which is equivalent to the force-couple system obtained in
part (i) and specify its points of application on 2 line drawn through points A and D.

3. Explain the reduction of a system of forces to a wrench. Three p.airs. of couples are acted
on the triangular block as shown in figure below. Determine the single resultant couple.  [3+8]

Yy
280N -

3m \ v X
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4. Explain moment of interia and radius of gyration. Determine moment of inferig of the

- b —

S ¥

shaded region about its centroidal axes. '

5. State laws of dry friction. Explain about condition of tipping but no sliding of a block, 243
6. Draw axial force, Shear force and bending moment diagram of given loaded frame. Also ‘

mdicate the salient feature (if any). , i
; : !
pg 0kN/m 20kN
h R e .
b R T T o
v B Olsortim D i
‘ ' 25kN . o i
30
\(‘ ' 4m
. T N
' - A :
[ o S - i e
7, What are the idealization of truss? Determine the forces in members BD, CD and CE of
. o e 4

the roof truss shown in figure.

+§3kN

8. An automobile enters a curved road at 30km/hr and then leaves at 48km/hr. 'lThe curved
road is in the form of quarter of circle and has a length of 400m. If the car travels at
constant acceleration along the curve, calculate resultarit acceleration at both ends 0 )
curve. Explain curvilinear motion with examples.

3kg particle in space is

9. The resultant extemal force acting on a
e particle is at

F=(12d-260°} = 50P°k )N, where ¢ is the time measured in seoondé. Th

rest at Grigin; when t=0, Determine x component of position; velocity an'gfacoele'r&ﬁ?n al R %)

the instant 6f 5sec. Explain Dynamic Equilibrium,
' ok
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{. Expiain rigid body and deformable body with example. State Newton”s third law with

-example. 3]
5. Calculate the reactions in all contact surfaces. Given Ra = 7.5 cmand Rg = 5 cm. (8]
1
3. Anangle bracket has been subjected to forces and a couple as shown in figure. Determme
. “the resultant of this system of forces. Locate the position of resultant. Prove that coupleis
" afree vector. [8+3]
L 56N 125N
| 0.3m
Iy < : {"'ﬁ \60°
10N m
02m
» <-150 N ;
4. Determine the centroid for the shaded area as shown in figure below. State and prove
. parallel axis theorem. [8+4]
Y
|
t
i
a
; 1
i) {
A 3 g -
3. Dﬁ}w axial force, shear force and bending moment diagram of the given frame. Indicate
salient features if any. [3)
15KN
10 KN/m Interaal Hinge
R
B C J—;f)/_ o
ssxn "
}W
% ..l
4m




7. ‘l‘woblouksianﬁ B (whmh are identical) wexgbmg W are supportcd by a nod T
‘4%*&2“11&326?1&1 If the blocks are in limiting equ uilibrium, find the coefficient
:B‘ldmnasmmngﬁ'bo beﬂle same atboth the floor and the: wall. :

4 Explam’N mmal-and tangexmal component of accelemtlon. A rocket is ﬁred i ‘
u:aclmdbyarac;larstahon at 0 asshownmﬁgme -when. 6 = 30°, am'founa'
r =9000:m;, 8:= 0.02 rad/s and 6= 0:002: rad/sz;"JDetenmne velocity and-4c6 leration:c

ﬂ1e mcketatihe nista:nt under consideration:

- -

Dcﬁne dyna:mc uilibnum in brief. Three blocks A (m,,L =5 kg), B (ma ]
‘~ f C(mc = 10 kg) are” ‘connected by rope and pulley arrangement as shown Jn‘
-Neglecqumassofpt,ﬂley determine e e R
. 'a) acceleranonpfeachb!ock e s T e
B tenswnmcaphcablc e SRR

o ;,:

A R s | e @ ol B
% £ E G L AR

ps =024,
e =02




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

‘The cylinder A and B zest in an inclined smooth surface which makes an angle of 25“ (
with horizontal as shown in figure. Given, Weight of cylinder A = 200 N, Weight of
cylinder B = 150 N, diameter of A = 90 mm, diameter of B = 60 mm. Determine all the

contac; forces.

. 1 ;
3
N 1
/ 25' :
. 3, Determine the resultant force and moment about point O. [10]

9. N
R
D
n
R N
B

£
“'r )n ‘ - i X :
/ 3m
2" 10 ki
o ceniroid of the shaded area. [4+8)

e and proof Parallel Axis theorem. Deiermine the




P

6. Calculate the mgmber forces in 9-4, 9-5, 4-5, 5-8 of the given truss shown in ﬁgute. ; |

A 1 0 lQ L’b-
; i1
_‘./
12 LN 3m ~
1t .\ / o ;
= T, : 7
2 2 .
N . v \‘/ ~ /
~ 12k 15kN Tk

Spanel @4m=24m {
/

L
-1

F.-A L}n'iform laddgzr o_f weight 250N and length 5m is placed against 2 vertical wall in
position where ifs inclination to horizontal is 60°. A man of weight 800N climbs the
Jadder. At what position along a ladder will he induce slippage? Take u = 0.2 for &
surface. 4

8. Explain about dependcnt motion. The motion of vibrating particle is defined by ¢
equations x = 100 sinnt and y = 25 cos2at where x and y are expressed in mm and
seconds. Determine
a) The velocity and acceleration when t= Isec
b) Path of particle

9. Two rough plane inclined at 30° and 60° are placed as shown in figure Mass of |
is 12kg and block B 15 24kg are connected by string, If p = 0.6 find 1
acceleration. Define angular momentum and find the rate of chan of

momenti. & o




dates are required to give their answers i
ot Afl questions.

e ficures in the margin indicate

e suitable data if necessary.

.mmlﬁaw between rigid body and deformable body. Mention § -
. = m

‘9. Define FBD. Two cylinders A .and B rest in 2 channel as shown in figure. The cylinder A
has diameter of 10 cm and weighs 200 N whereas the cylinder B has diameter of 18 ess
end weighs 500 N. Determine the reaction at all contact points. (2+8}

3. The direction cosines of the line of action of a force with magnitude 200 N passing
frouch point A (2, -2, 2) is (C.5, 0.707, 0.5). Find moment of the force about point

AR Ah:
SR e o

24-2,2, -2). Define a couple and show that couple is a free vector. [5+4]
%2) Find the coordinate of center of gravity (CG) of the haiched area shown in Figure 1. (6}

b) Find the moment of inertia of area in Figure 2 about given coordinate axes using
miegration technique.

fs) Z
.4 N v
/A /M
T Sirenlar rxe I
’ r 1 ‘W @VZ‘JI P.,‘QO an i\
20 //% i
T O 4 > X
9 fotm0). ] ! ,""""'" b""""‘f
Figure- 1 '

Figure-2

é laws of gtaric function, How can we nsswe the eondition of sliding oy

ol a blogly
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7. Determine the force in members DE, CD, AB and AC for the inve ﬁ of mool B

| EIZN ;
AR (R
7@7 X EI-' el
" fIm
/-hn
TR
i L 2m o

i A
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8. The acceleration of a particle is defined by arelation, a = V2. It is known that at time t = =0,
position is -2m and velocity is 1 m/sec. Find the displacement, position, velocity and
acceleration at instant of 0.25 sec. What do you mean by dependent motion of particle?
J:,xplam with suitable example. -4

pullf-ys are Frictionless and having 1no mass. The kinetic co- cfﬁcxcrt of friction betw

block A and inclined plane is 0.45. Determine the acceleration of each block and tensx

in each cord.
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s

. Differentiate between particle and rigid body. How can we draw a good FBD? | [2+2]

| I

Define couple and show that couple is free vector. Replace the two wrenches as shown in
figure below by a single equivalent wrench and determine (a) Resultant force (b) the point
where its axis intersects the XZ plane. _ [4+7]

Y. 2
40 Nm
50N

0

*
Sm ;
A —> 100 Nm
60N
7

3. The 6m pole ABC is acted upon by 455 N force as shown. The pole at A is supported by
two cables BD and BE as shown in figure. Determine tension in each cable and the
reaction at A. ’ [7]




4. Determine the moment of inertia about centroidal ayzs of the shaded plane area by using
direct integration method. Define the terms: Centroid, centre of gravity, radius of gyration

and axes of symmetry.

[8+4]

5. Explain the laws of dry friction. Define the terms: angle of friction and impending

motion.
Draw the axial force, shear force and Bending moment diagram of the given Frame.

[2+2]

46.
Indicate also the salient features if any. [14]
0
20kNm 30 kN/m o
T.“*' “ Hinge|D E|

2m | seN :
G i

- ! 8m
6m| :[

R
j—_4m g Am- | 2m)

7. Determine the force devetoped member ED, BD, AB and BC of the given truss. How can
we check the determinancy and stability of beam, frame and truss? Explain with suitable

> examples. [5+3]

10 kN




8. Define the uniformly rectilinear motion and the uniformly accelerated rectilinear motion?
The rotation of the 0.9m arm OA about O is defined by the relation 6 = 0. 15t” where 6 is
expressed in radians and t in seconds Collar B slides along the arm in such a way that its
distance from O is r = 0.9-0.12t%, where r is expressed in meters and t in seconds. After
the arm OA has rotated through © = 25°, determine (a) the total velocity of the collar, (b)
the total acceleration of the collar, {c) the relative acceleration of the collar with respect to
the arm. : [2+8]

e e R R ey

9. Explain the Principle of impulse and momentum. The velocity of the block A is 1.8 m/s to
the right at the instant when r = 0.73 and 6 = 30°. Neglecting the mass of pulley and
effect of friction, determine at this instant [2+8]

a) tension in the cable
b) acceleration of block A
c) acceleration of block B

*E
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What are the equations of Static Equilibrium for 2-D and 3-D analysis of particle and
rigid body? [4]

2. Define particle, rigid body and free body diagram. Explain how can we reduce a force
into a force and a couple. [3+2]

3. Determine magnitude, direction and line of action of the resultant of forces acting in the
system as shown in figure below: [71

30N

>

3m B

20N

4. Determine the force in each cable and the force 'F' needed to hold the 20 kg lamp in the
position shown in figure below: [6]




overturning or sliding of a block.

of the figure below (shaded area) about centroidal X-X axis.

Define friction, angle of friction and explain how can we assure the condition of

[1+2+3]

Define centroid, center of gravity and axis of symmetry. Calculate the moment of inertia

(3+9]

7. Draw AFD, SFD and BMD of the given frame loaded as shown = Sgure below. Indicate

the salient features if

any.

(13]

40 KN/m 20KN
30 KN lé A
Sgasmm =g
D T
C ;
~m
0EN |
EK—-——**‘




8. Determine the force developed in the members BC, BE, BD and CE of the truss loaded as
shown in figure below. What are the assumptions of ideal truss? [5+2]

9. The motion of a vibrating pérticle is defined by the equation x =100 sinnt and
y =25 cos2nt . Where 'x' and 'y' are expresses in mm and 't' in sec. (a) Determine the

velocity and acceleration when t = 1sec (b) Find the nature of the path of the particle.
What do you mean by dependent motion explain with example? [8+2]

10. The resultant external force acting on a 3 kg particle in space is

Ez(lh?— 24t? 3—40t3k]N, Where 't' is time measured in seconds. The particle is at

rest at origin, when t = 0 sec. Determine the 'x’ component of acceleration, velocity and
position at the instant of 4 sec. Explain about impulse momentum principle of the particle. [8+2]

*kk

&l
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What is Rigid body? Explam the transmissibility of force and its limitation. . [1+3]

A block of weight Wﬁ is suspended by a cord AC and two sprmg of which the unstretched
length of 25 cm knomng that the constants of spring are AB = 10N/cm and
AD=3] JN/cm{ Be@ermme [8]

a) Tens@a in the cérd AC
b) ng; of the block

b

27cm _——‘]

10cm

3. State and prove varignon's theorem. Determine the resultant force and moment about

point O. [2+8]
Y
A 70 KN
10kN 4 T“‘ l’“ -
{ -\
&
& ‘]r rﬁgﬁ.
: zmx;z 00 KN 25 mf
a
/ tfp‘*‘
imlf /:0 L) "
/ 80 kN - X
>
dm. 3m
W y. S0 kN /
g 5 m b 4




4. a) State and prove parallel axis theorem for moment of inertia. [4]

b) Calculate moment of inertia of given shaded composite section about centrodial Y-Y
axis. _ (8]

5. Define friction and explain about laws of dry friction. How condition of sliding or
overturning can be decided for a block? Explain in brief. [2+2]

6. Draw AFD, SFD and BMD of given frame. Indicate salient features also. Deduce the
relationship between load, shear force and bending moment for a beam section loaded
uniformly with intensity of load w. [11+3]

Hinge im&ﬂ/m

| \ggC\\LMD

]
= N O

£ B = -

7. Find the member forces in BD, CE and CD for the given truss. Write down the
assumptions of ideal truss. [6+2]




8. Define radial and transverse component of velocity and acceleration. Find the
acceleration of block B if the acceleration of A is 4 m/s* ({) for the following connection.
Neglect the mass of blocks and pulleys. Assume that cords are inextensible and pulleys
are friction less. [3+7]

T e R e A A, A

B B T S VYT

9. Define angular momentum and illustrate that the rate of change of angular momentum
about any point is equal to the momentum of the force about the point. The motion of a
1000 gm block B in a horizontal plane is defined by the relations r = 3(1+sin2nt) and
6 = 2nt, where r is expressed in meters, t in seconds and 8 in radians. Determine the radial
and transverse components of the force exerted on the block when i) t=0and t = 0.5 sec. [3+7]

A

Fkok

AVANHERL 10

A.LISHZ—JAV

‘wexy |
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1. What is Mechanics? Define Rigid body and Deform body. [3]

2. Two smooth spheres of weight 100 kg each are connected at their centers by a string AB
of length 40 cm, and supported third smooth sphere of weight 200 kg. Find the force in
string AB and other contact surfaces. Radius of all spheres are 15¢m. (8]

3. Define principle of transmissibility and explain about its drawback. Determine the tension
in the cable AB which holds a post BC of 4m length from sliding. The post has a mass of
9 kg. Assume all the contact surfaces are smooth. [4+8]

4. a) Locate the centroid of the given plane lamina. [6]
Y 20m
il
f R e —2m —3{

v §— 1

& 20m — Dl SO BT 20—




b) Find the moment of inertia of the given figure about centroidal X-X axis. [6]

¥
N
Ya=KavX
Yo=kaX?
20cm
== x
B N
5. Two blocks A and B of 40 N and 20 N respectively are in equilibrium position as shown
in figure. Calculate the force P required to move block A. Take pis = 0.3 for all surface. [4]
i ‘?\_} 6. Draw Axial force, Shear force and Bending Moment diagram for the given frame
structure shown in figure below. Also indicate the salient features if any. [13]
15KN/m e
1 Hinge !
T IE
6m
F




7. Determine the force developed in the members BC, BF, FE and FC of the given fruss. [8]

B A3m Bam C

Y S
S5kN 25kN

8. Describe the Position, Velocity and Acceleration of particle when it follows straight line

path. A projectile is fired from position A with an initial velocity of 245 m/sec at a target

B in right located 600 m above from the position A and the horizontal distance between

positions A to target B is 3200 m. Neglecting air resistance, determine the value of firing

=%
angle. [2+8]
9. Two blocks shown in figure. The pulleys are frictionless and having no mass. The static
and kinetic coefficient of friction between the block A and inclined plane are 0.35 and
0.25 respectively. Determine the acceleration of each block and tension in each chord.
Explain about the dynamic equilibrium. [8+2]
Io0 -
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408 R |

1. What is applied mechanics? Mention scope of applied mechanics in engineering. [1+2]

2. What is free body diagram? Determine the support reaction at contact point of given
system. Assume contact surfaces are smooth. ’ [1+7]

Take,

Weight of sphere A and C = 300N
Weight of sphere B = 600N
Diameter of A and C = 800mm
Diameter of B = 1200mm

3. State and prove the parallel axis theorem for moment of inertia. Determine the moment of
inertia about centroidal “Y” axis of given shaded area. [4+8]

k|

4. Define angle of friction, coefficient of friction. Why coefficient of static friction is
greater than coefficient of kinetic friction. ) [1+1+2]

5. Draw axial force, shear force and bending moment diagram; and obtain salient features
for the given frame Loaded as shown in figure. [13]

o ¥ o £Y
Fm v Im :_3 =m "
£ - 3m
f,-"‘
20K m




6. The acceleration of a particle is defined by the relation a = 12x-28 where a in m/s* and x
in m. knowing that v = 8m/s when x = 0; determine [8+2]
a) the maximum value of x.

b) the velocity when the particie has travelled a total distance of 3m.

¢) What do you mean by dependent motion of particle? Explain with suitable example.

=~

Explain free body diagram and its importance. Find the magnitude, direction of resultant
force and locate two points on the edge of the plaie where the resultant meet. [4+8]

QK’ 150N.M
& |

{2.3)

am

b

SN F

ny
Pa

A 35

/,a;m////g//

3. Determine the member force in members BC, BG and DF. How can we check the

determinacy and stability of the truss? Explain with suitable example. [5+3]

20en
(0 U
8 p ‘/\f‘
Ny A
/LN
& %’ ! 4@ 6m =24m _B‘f
i<

-/I

9. Derive the expression for angular momentum and rate of change. Two blocks, A of mass
150 kg and block B of mass 350 kg, shown starts from rest. The coefficient of friction

between horizontal plane and the pulley is 0.2 and the pulleys assumed to be of negligible

mass. Determine the acceleration of each block and tension in each chord. [2+8]

o
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Assume suitable data if necessary.

. How does deformable bodies differ from ngrd body’7 What were the assumptions made

regarding rigid body for pur present study? [3+3]

A vehicle needs 50 KN to be moved forward by two pullers A and B. Puller A is at 40°to
the axis of movement. Compute the value of angle ‘o' for which puller B has to exert
minimum force. Also compute the respective values of pull to be exerted. [3+3]

. A rectangular plate is acted upon by the force and couple shown in ﬁgure below. The )
system is to be replaced by a signal equivalent force. {11} |

'R, SIS KN 48 KN
. & !

N

A B
240 mm
15KN
: X A
D b
7L — ¢ :
Y. X
' ‘400 mm

i) For o =40°, specify the magnitude and the line of action of the equivalent force
il) Specify the value of a, if the line of-action of the equrvalent force is to intersect hne
CD 300 om to the right of D.

. State and prove the parallel axis ineorem for moment of inertia. Find the moments of.

inertia about the axes through centroid of given shaded area. =~ ' [4+8]

* Quarter circle -




* R SN e N

5. Calculate and draw the axial force, shear force and bending moment diagram; with its
salient features for the given plane frame. [13]

10 KNm :10 KN/m

s L

Intemal Hinge

6. A uniform bar AB having length 5 m and weighing 500 N is fastened by a frictionless pin
to a block, weighing 200 N as shown in figure below. At the vertical wall, co-efficient of
friction is 0.3 while under the block is 0.20. Determine the force P needed to start the

motion to the left. {41

. : : 45 p
7. Determing the force developed in members BD, CD, EG and DE of given truss. _ 8]

lSKN

ZOKN* lQKNl

Zm m 2m -

8. The acceleration of a particle is given by the relation a = 21-12x?, where a is expressed in -
m/s*and x is in meters. The particle starts with no initial velocity at origin. Determine: [10]
i) The velocity whenx = 1.5m —
ii) The position where velocity is again zero
iii) The position where velocity is maximum .«

9. a) Define dynamic equilibrium and impulse momentum principle for particle. - 2]
b) Two blocks in figure are start from rest. The pulleys are frictionless and having no
mass. The kineticicoefficient of Friction between the blocks 'A’ and the inclined plane

is 0.4. Determine the acceleration of each block and tension in each chord. [8]
A
40Kg /\
']
2070\\/ 8
-1 N .
C

150 Kg

LS
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What is mechanics? Mention scope of Applied Mechanics in engineering.

Ilustrate equilibrium condition of a rigid body and concept of free body diagram with
uitable examples.

Three vertical wires as shown in figure support a plate of 50 kg. Determine the tension in
each wire. All dimensions are in mm. ’ ‘

750 2

1500 ,
/

/ ]
7?

/1000

2000

po 2500

> o . A
\//]%rce F =(31-6j+4k)N passes through point (6, 3, 2) m. Replace this force with an

; -
equivalent system, where the force F passes through point (2, 5, 10) m.

Determine the minimum angle 0 (made by the ladder AB of length ‘L’ with the floor) at
which a uniform ladder can be placed against a wall without slipping under its own
weight (W). The coefficient of friction for all surfaces is 0.2.

T



ermine the moment of inertia about centroidal axis of the shaded plane area by using
gect integration method.

y’
/N
n L f
Py
="
=R )
]
!
Draw the axial force, shear force and bending moment diagram of given frame. Indicate
also the salient features if any. ‘
. 30KN
internal 20KNm
hinge ~__. . SN/m N
T C e/ D E
3m
10KN
3 >
44— “=--= B
3m. o )

! 4m ! 2m |

8. Determine the force developed in members CE, DF, EF, GH of given truss loaded as
shown in figure.
20KN

f12]

[14]

(8]



¢ Define uniformly rectilinear motion and uniformly accelerated rectilinear motion. For the
pulleys systems as shown in figure, calculate the velocity and acceleration of Block ‘C’.
If the velocities and acceleration of Block ‘A’ and ‘B’ are 3 m/s({), 2 m/s*(T), 4 m/s(T)
and 5 m/s’(¥) respectively. (81

}(}. Two blocks shown in figure starts from rest. The pulleys are frictionless and having no

mass. The kinetic co-efficient of friction between block A and inclined plane is 0.37.
Determine the acceleration of each block and tension in each cord. What do you mean by
dynamic equilibrium? - [8+2]

S0 kg

% %k %k
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1. a) Describe the scope of applied mechanics. [3]
b) The cylinders A and C weight 1000 N each and the weight of cylinder B is 2000 N.
Determine the forces exerted at the contact points. 71
2. a) Whatis Free Body Diagram and why it is used during analysis of structure? 4]
b) Determine the resultant of the forces acting tangentially to a circle of radius 3 m as
shown in figure. What will be the location of the resultant with respect to centre of the
circle? ' (8]
B0 KN
3. Explain the laws of static friction. Also define the limiting friction and angle of friction
with suitable example. . [2+1+1]
4. Determine the centroid of the hatched area by Direct Integration Method. State and prove
the parallel axis theorem for moment of inertia. [8+4]
pY
x=yK
500 mm By = Kx?
i /
. J‘ O ==X

S00mm 7




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

Also show the salient features. [14]
' 10 K0¥m  sgw
ST I
!f ntarnal Nings L 2m _*
4; SO, -
! - \(‘_\ 100 KN-M
4m
I
fi]

6. Write down the ideal assumptions of truss. Determine the member forces BC, DG and EG
for given truss. [2+6]

60 kN

7. A particle starting from origin is subjected to acceleration such that ax = —4 m/s? and
ay, = -8 m/s". If the initial velocity is 100 m/s directed at a slope of 2:3. Compute the
radius of curvature of the path after 5 sec. Also calculate the position at the end of 5 sec.
What are the possible equations of motion for a particie in terms of kinetics? [7+3]

8. a) Define the dynamic equilibrium and impulse momentum principle for particle. [4]

b) . A particle moves along a curved path defined by r = 5 6 and 0 = t* / 3 where r is in
meters and t is in seconds. Determire the velocity and acceleration of the particle
when € = 90°. : (6}

* % %k
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v Assume suitable data if necessary.

1. What do you mean by rigid body? Why it is necessary to assume a body as “perfectly rigid” for

the study of statics. [1+2]
2. What is free body diagram? Why is it necessary to draw free body diagram in solving any
structural problems? Also describe equation of equilibrium in two dimension. [2+3+3]

3. 1f two forces of same magnitude 25 kN“act at points A and’B as shown in figure and force at A"
passes through C and force at B passes through D. (a) Find equivalent force-couple system at ‘O’
(b) Find equivalent wrench and give pitch and axis of wrench.

rY
A .3m
1
/.I\ZSKNC |p
——=¥FJ—ax -
Im !
25KN 2m

B

Z

" 4. Locate the centroid of the area Bounded by the curve as shown m figure, by the method of

integration.

-—

(2]

(6]

(6]




o e

8 i s i o b e o

g i

6. A block ‘A’ of weight 100 N rests on an inclined plane and another weight w is attached to the
first weight through a string as shown in figure. If the coefficient of friction pctween the block
and plane is 0.3, determine the maximum value of W so that equilibrium can exist. {s]

e

7. Draw axial force, shear force, bending moment diagram for the loaded frame shown in figure.

Indicate also the salient features if any. [12]
10KN/m [Ty, 088 20 Kim
] C D EA
4m )
3018
ISKN
4m
|
Lo 4
T 3m__, 3m 77

8. Calculate the force developed in members BC, EC, EF, FC, FD and FG of the cantilever truss
loaded as shown in figure. ’ [8]

i

1207

- 4m

et

10KN 15KN 20KN

#_3.@_,;@1;*3_9,

‘9. Deduce the relationship of radiai and transverse components of velocity and acceleration for a

particle moving along the curve path. The acceleration of a particle is defined by the relation,
a = kt?, knowing that velocity is —32 m/sec when time is zero second and again velocity is +32
m/sec when time is 4 sec. (a) Determine, the value of the constant K, (b) Write the equations of
motion knowing also that position of the particle is zero at the instant of 4 sec. [4+6]

10. The velocity of block ‘A’ is 2 m/s to the right at the instant when r = 0.8 and 8 = 30°. Neglecting
the mass of pulleys, and the effect of friction in the pulley, and between block ‘A’ and the

horizontal surfaces. Determine at this instant (a) the tension in the cable (b) the acceleration of the
block A (c) the acceleration of the block B. ' [10]

ALLL L
8¢

/
/ /
<

20 kg Q_LLA
AN

i__1B
25kg
<
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N
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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.

Differentiate between rigid body and deformable body. ' 3]

Explain about the physical meaning of equilibrium. Define free body diagram and
concept of particle. [3+2+2]

A homogeneous circular plate of mass 50 kg is supported by three wires. The -angular
distance between the points of attachment on the circumference of the plate w.r.t center of
the plate makes an angle of 100° while other two angular distances are 120° and 140° as
shown in figure below. The three wires are attached to a single point on the ceiling which
is 5 m vertically above the centroid of the plate. The plate has diameter of 1 m. Calculate
the force developed in each wires. (8]

Three pairs of couples are acted on the triangilar block as shown in ﬁg/uréhb—ehlow.
Determine the resultant of them. [4]







5. Determine the centroidal X and Y coordinate of the shaded area. {6]

6. Determine the moment of inertia area about X-axis.

>

y=2x+x?

_2m |

7. A block of weight Wy = 1800 N rests on a horizontal surface and supports on the top of it
another block of weight W, = 1000 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 sliding to impend.
The coefficient of static friction for all contact surfaces is 0.4.

{6l

>

SN ONSONONNN AN .S

8. Deduce the relationship between load, shear force and bending moment for a beam
section loaded uniformly’with intensity of load W. Draw AFD, SFD and BMD of the
given frame loaded as shown in figure below. Indicate also the salient features if any.

4 KN/m

[4+9]

5 KN/m




(8]

o » .

,’ 9. Determine the member forces in member CE, FH, GH, GI of given truss.

| ISKN

f 10KN 10KN

| T SKN- KN

| " A 43
LA | | | L

;, ‘ AN C E G 1 K L

| L 6 @ 5m=30m .

[5] 10. Two ships A and B are at a distance of 4800 m apart B being south east of A. Speed of A
is 2.6 m/s due east and B is travelling at speed of 4.47 m/s due north. Determine:
(a) The relative velocity of B w.r.t A (b) The shortest distance between them (c) Time

[10]

taken to reach the shortest distance.
11. What do you mean by principle of impulse and momentum? The resultant external force
acting on a 30 N particle in space is, F=(12t ii' 2417 j+30t>K) N, where t is the time
measured in seconds. Initially, particle is at origin and at rest. Determine Y-component of
[3+7]

acceleration, velocity and position at the instant of 5 sec.
* k%

[4+9]

—~r~awa
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1. leferentlate between ngld body and deformable body.

0

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

A container of weight W is subjected from ring A to which cable AB and spring AC are

attached. The constant of spring is 100N/m and its unstretched length is 3m. Determine
the tension in the cable; when (a) W = 120N (b) W = 160N.

3. A 160N force P is applied at point A of a structural member. Replace P with (a) An
equivalent force-couple system at C, (b) and equivalent system consisting of a vertical

force at B and a second force at D.

/B C

g

/2mL2m'L 4m |
1 T |

\

B3]

(8]

[12]






4. Determine the polar moment of inertia and the polar radius of gyration of the shaded area
as shown in figure below with respect to centroid. [12]

Y&

-t
y=kx*+¢

bb

i .
|
X

" 5. Define static friction. Explain why coefficient of static friction is always less than that of

kinetic friction coefficient. Support your answer with relevant equations. [1+3]
6. Calculate and draw the axial force, Shear force and bending moment diagram with its
salient features; for the given frame as shown in figure below. [13] -
‘ KN/m ' OKN
C) T JEF' |
B| Bm
30°
KN | JPm 1
; 2m

77 3m ] 3m T

Use method of section to determine member forces DE, DF and GI for the given pin .«
jointed truss and also indicate the nature of forces. [8]

N

—ye——

Q

16N

k:

o

4 Parels@3m=12m

16KN 6

- ré\
ok
|

A

4m

o —-—— -
—

© 9069 Blade- pﬂo\l'@c’ Medan®s
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8. A particle moving in a straight line has an acceleration, a =JV, its displacement and

velocity at time t = 2 sec, are 1—§§m and 16m/s. Find the displacement velocity and

acceleration at time t = 3 sec.

9. The two blocks as shown in figure below are released from rest when r = O.73m and
0=30°. Neglecting the mass of the pulley and the effect of the friction in the pulley and
between block A and the horizontal surface. Determine:

a) The initial tension in the cable
b) Acceleration of the block ‘A’ and ‘B’

k%

s

.[10]

(10]

i |

. |
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1. a) Define the fundamental principles on which the study of mechanics rests. [3]
b) Draw the axial force, shear force and bending moment diagram of the given frame. Also show
the salient features. . [13]
15 KN 20 KN
BKN/M l . l
CM : ,
0N D CE F 2m —>
2m
10 KN —*ﬁ B8
2m
. '\j,

TI.VJA G
26———-—- 2m %I( im >|-€ im ),
2. a) Knowing that the coeff. of friction between 25 kg block and the incline is ps = 0.25.
Determine (i) smallest value of P required. to start the block moving up the incline
(i1) corresponding value of 3. - [4]
P

p

30°

b) The 80N horizontal force P act on a bell crank as shown in figure below. (i) Replace P with an
equivalent force-couple system. (ii) Find two vertical forces at C and D that are equivalent to

the couple formed in (i). P A [2+3]
0.05m
C D
L)
0.04m
—0.1m
¢) Determine magnitude, direction and position of the resultant of forces acting on a block as
shown in figure below. _ . (71
. S00N
20%; 40°,
D C 0.5m :
\ ———>100N
lo.Sm > 200
A B

3.. a) What is static ethbnum? What are the: equatlons “of static §qu1hbnum in two dimension? .
Describe briefly the importance of them. [2+342]



-b)  Determine the force in members DE, CD and AB for the mverted Howe Roof truss. State
whether each member is in tension or compressmn - ‘ [8]

1 2m g4 2m « 2m 4. 2m 4
‘ s L

T

N

|~ S >=H
. E G $ovins PESRpEEIN e
L am Sm__ §
= ¥ '

‘4, a) Determine the centroid of following enclosed (hatched) area with the curves
y1 = Kix? and y, = K,x", and also given that the extreme values of along X-axis and
Y-axis are ‘a’ and ‘b’ respectively. Use direct integration method. ' [6]

4KN

b) The two blocks shown in figure below start from rest. The horizontal plane and the pulley are
frictionless and the mass of pulley is negligible. Determine the acceleration of each block and

the tension in each cord. A [10]
E ‘ D
50kg //
C
B
150kg
OR

b) The particle, having the position vector of r = 5 cos (29)m, is travelled in a curvilinear path as

shown in figure below, where 0 = 3t*(rad/s). Find the velocity and acceleration of the motion

of the particle at 6 = 30°. . [10]
r=5cos26

5. a) Determine moment of inertia about the centroidal x-axis of the shaded area shown in figure below. [6]

1 OOmm

b) A pro;ectlle is fired from the edge of a 250m cliff with an initial velocity: of 360m/s at an
angle of 45° with the horizontal. Neglecting air resistance, find (i) The greatest elevation
- - above the ground reached by the, projectile (ii) The horizontal distance from the gun to the
point where the projectile strikes the ground., . [10]

* %k Kk



V 01 TRIBHUVAN UNIVERSITY
INSTITUTE OF ENGINEERING

Examination Control Division

2067 Mangsir

| Exam. Regular / Back
Level  BE  FullMarks 80
Programme | BCE, BME | Pass Marks ; 32
Year / Part I/11 Time 3 hrs.

-

Subject: - Applied Mechanics

v Candidates are required to give their answers in their own words as far as practmable
Y Attempt any Five questions.

V' The figures in the margin indicate Full Marks.

V' Assume suitable data if necessary.

1. a) Write;k principle of transmissibility and define couples with suitable examples.

(4]

'b) Draw axial force, shear force and bending moment diagram for the frame shown in

figure below.

P 10KN/m

J I
o ;‘ﬁﬁr

2. a) State and prove parallel axis-theorem for moment of inertia

b) Find the contact forces of the three bodies as shown ﬁgure below. Body A-has 20cm
diameter and 60N weight and bodies B and C have BOcm diameter and 100N weight

each.

friction.

(12]

[6]

[10]

3. a) Define limiting friction, angle of friction and coefficient of -static and dynamic

(6]

b) Determine by direct integration the centroid of the shaded area as shown in figure

below.

(10]



4.

a) Explain free body diagram with suitable examples.

b) Find bar forces in members a, b and ¢ m truss as mdrat“d in figurs below. Shown
loads are vertical af the joints.

10KN 20KN 20KN

belaeen

a) Explain JTelationship ameng posmon velocity and acceleration of a particle in
rectilinear motion.

feceni
b) A ball is thrown vertically upward with a velocity of 25 m/sec. After 2 se¢ another

ball is thrown with the same velocity. Find the height at which the two ball pass each
other.

a) State Newton’s second law of motion and derive relation between linear momentum
and force. A

. r ‘qn . -
b) Resolve -the force system as shown in ﬁgure below into equlvalent force-couple
system about O.
10KN
A
o4 ;
* 2@ ’i 3m
10KN
| 4m . A
r L

ok ok

[6]

[10]

(6] "

(10]
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fomy

a) “Graphical solutions are useful to simplify the problems related to dynamics”. Justify
“this statement. _ (71

b) A _nozzle.discharges a stream c;f water in the direction as shown in fig-1 with an initial
velocity of 30 m/sec. Determine the radius of curvature of the stream (i) as it leaves
the nozzle, (ii) after 1.5 sec and (iii) at the maximum height of the stream. 9]

y: ﬁ::-_@bt’a‘-ih";the expression:for; tangential ;and normal components of acceleration:for-a-
~ particle moving along a curve path. . _

b) A satellite is launched in a direction parallel to the surface of the earth with a velocity
""" of 37,000 km/hr from an altitude of 500 km. Determine the altitude attained by it

when it covers the angular distance equal to 15°. Also calculate the periodic time of
the satellite. Take radius of earth, R = 6,370 km. - 9]

3. a) Obtain the expression for trajectory of a particle moving under central force. [7]

b) The magnitude and direction of the working of two identical smooth balls before they
strike each other are as shown in fig-2. Assuming coefficient of restitution, e = 0.90,
determine the magnitude and direction of the velocity of each ball after the impact.
How much K E. will be lost due to the impact? ' : (9]

10m/sec 1Sm/sec \



T A ISRt
o (0L 1 LIS LpIeSeLor (0T Lnetic cucigy ol syswem of pariicles while consiuering the
centre of mass. 7. -
b) A system of threp masses is connected by massless l‘lgld rods as shown in fig-3. I the
three masses move 3m up the plane under the action of force F, find the wor'( done
or the system. Assume F = 1.36 KN, w; = wy = 2w3 = 0.56 KN, pig = 0.1 and that the
-maximum frictional force is developed betweeneach mass and the surface. - : 19}
Fig-3
S. a) Explain what is general plane motion of a rigid body? Illustrate it suitable examples. {7
_ _b)..The cermfe .of the double gear-has velocity  of 2.4 m/sec and an accelerar™n of o
| 6 misec’ to the right .s skown in fig-4. Recalling that iower rack is stationary,
: determine (i) the angular acceleration of the gear, (ii) the acceleratlon of points B, C
1 and D of the gear. . 9}
"z
E
| D §
\ | 5 Fig-4
\l . . LT - B
? : - . ) N %y,
i e "_'. - : - R E ‘ ’ > o AM‘AAAA;...
. ) ! . re vv"" v 1
6. a) Explain what is free vibration of a rigid body? How the effective length of vibrating -
plate can be obtained while dealing with the free vibration of a rigid body? {71
Fig-5
b) The extremities of a 1.5m rod of mass 30 kg moves freely with no friction along two
raight tracks as shown in fig-5. If the rod is released with no initial velocity from the .
position shown, determine the angular acceleration of the rod. 9]

- C+ et e Cokedeok . -




