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1-2 C (CE-Sem-3) Introduction to Engineering Mechanics

incering Mechanice,
Basic Concepts.

et i A [RET s AR T ol s :'.‘...y-‘-"ﬁ

! ! CONCEPT OQUTLINE

Engineering Mechanics : It is that branch of science which deals
with the behaviour of a body when the body is at rest or in motion.

Branches of Mechanics :

i Statics : Branch of mechanics which deals with the study of
body when the body is at rest is known as statics.

ji. Dynamics : Branch of mechanics which deals with the study of
) body when the body is in motion is known as dynamics. It is
further divided into kinematics (force not considered) and
kinetics (force considered).
. Scalar Quantity : A quantity which is completely specified by
magnitude only is known as scalar quantity.
Example : Mass, length, time, etc.
Vector Quantity : A quantity which is specified by both magnitude
and direction is known as vector quantity.
Example : Velocity, force, displacement, etc.

i. Free Vector : A vector which can be moved parallel to its positiqn
anywhere in space provided its magnitude, direction and sense remain
the same is known as free vector. Fig. 1.1.1(a) shows free vector.

ii. Fixed Vector : A vector whose initial point is fixed, is known as fixed
vector. Fig. 1.1.1(b) shows fixed vector.

iii. Forced Vector : A vector which can be applied anywhere along its line
of action is known as forced vector. Fig. 1.1.1(c) shows a forced vector.
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(a) Free vector A (b) Fixed vector (c) Forced vector
gL
‘Quo 12. | State and prove parallelogram law of forces.

[Answer
A. Statement : Parallelogram law states that if two forces, actin.g at a
point be represented in magnitude and direction by the two ath?cent
sides of a parallelogram, then their resultant is represented in magnitude
and direction by the diagonal of the parallelogram pass ing through that

point.

a

(o] (a) P A
[Fig 121

B. Proof:

1. Let two forces P and @ act at a point O as shown in Fig. 1.2.1(a). The
force P is represented in magnitude and direction by OA whereas the
force Q is represented in magnitude and direction by OB.

2. Let the angle between the two forces be ‘«’. The resultant of these two
forces will be obtained in magnitude and direction by the diagonal (passing
through O) of the parallelogram of which OA and OB are two adjacent
sides. Hence draw the parallelogram with OA and OB as adjacent sides
as shown in Fig. 1.2.1(b).

. The resultant R is represented by OC in magnitude and direction.
4. From Cdraw CD perpendicular to OA produced.
5. Let, a = Angle between two forces P and @ = ZAOB
6 = Angle made by resultant with OA.
6. Inparallelogram OACB, AC is parallel and equal to OB.
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7. In triangle ACD,

to Engineering Mechanics
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AC=Q
AD = AC cos a=@Q cos &
CD=ACsina=@sin®

and D e )
rangle OCD, 0% = OD* + D _
> :ttmngle OC=R,0D=0A+AD=P+Qcosc
. DC=Qsina .
2 _ ) + (@ sin a) .
R =§igzc::sza+2PQcosu+Q25m2“

=P2+Q2(cos’u+sin2a)+2Pansa i
_ P+ @ +2PQcosa cos? o +sin?a=1)

R= P*+Q*+2PQcosc (12D
Eq. (1.2.1) gives the magnitude of resultant force R.
9. Now from triangle OCD,
0= CD _ Qsina
tan 0= 5D " P+Qeosa
ctan[=22RE .(12.2)
9=t {P+Qcos u).

Eq. (1.2.2) gives the direction of resultant (R).

Discuss the law of parallelogram of forces. Two forces

ual toﬁ and 2P actona rigid body. When the first force is. increased
by 100 N and the second force is doubled, the direction of the
resultant remains unchanged. Determine the value of P.

[ABTU 2013-14, @ Marks 05 |
|Answer l

A I,’ara.llelogram Law of Forces : Refer Q. 1.2, Page, Unit-1.
B. Numerical:

=P,F,=2P,F/'=P+100,F;=2P

1. " We know that,
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_ _2Psind
tana = —_—‘P+2Pcose -(13.1)

2. According to question if P is now changed to P + 100 and 2P is ngy
changed to 4P then again direction of resultant remains samei.e.,
_ 4Psin 0
" (P+100)+4Pcos6
3. Fromeq. (1.3.1) and eq. (1.3.2), we have
2Psin®  _ 4Psin 0
P+2Pcosd (P +100)+4P cos®
sin 6 [P+ 100 + 4P cos 0] =2 sin 6 [P + 2P cos 6]
sin 6 [P + 100 + 4P cos 6 — 2P —4P cos 0] =0
Either sin8=0 or P+100-2P=0
P=100N
So, the value of P= 100 N

tan a ..(1.3.2)

Two forces P and Q are inclined at an angle of 75°

magliit'ﬁ.&e of their resultant is 100 N. The angl
v 4 gle between the
resultant and the force P is 45°. Determine the magnitude of P and Q.

: n:a=75%0=45° R=100N
. ToFind: Magnitude of Pand Q. *

L Theresultant R of Pand Q is given by,

R= P*+Q*+2PQcosa

100= |[P*+ Q" +2PQ cos 75°

(100)? = P2 + Q2 +0.517 PQ

. ..(1.4.1)
2. The inclination of R to the direction of the force P is given by,
tang= _@sina
P+Qcosa
tan 450 = —98I075°
P +Qcos75°
P+0.259Q=0.966Q
P=0.707Q ..(1.4.2)
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3. Putting value of P from eq. (1.4.2) in eq. (1.4.1), we get
(100)? = (0.707 Q)2 + @2 + 0.517 (0.701Q?
(1002 = 1.865Q2
Q=17322N
4. From eq. (1.4.2), we have
P=0.707x73.22=51.76 N

- | What are the basic laws of mechanics ?

Follom;xg are the basic laws of mechanics :

Newton’s First Law of Motion : It states that every body continues in

a state of rest or uniform motion in a straight line unless it is compelled

to change that state by some external force acting on it.

_itf Newton’s Second Law of Motion : It states that, the net external
force acting on a body in the direction of motion is directly proportional
to the rate of change of momentum in that direction. F —

AJi. Newton’s Third Law of Motion : It states that to every action there

is always equal and opposite reaction. . i

¢, Gravitational Law of Attraction : It states that two bodies will be”

attracted towards each other along their connecting line with a force
- which is directly proportional to the product of their masses and inversely *
proportional to the square of the distance between their centres.

Mathematically, F= G m.,rznz v
3
G = Universal gravitational constant of proportionality.

where,

What do you understand by resolution of force ?

{Answer

1. Resolution of a force means finding the components of a given force in
two given directions. .

2. Let agiven force be R which makes an angle 6 with X-axis as shown in
Fig. 1.6.1. It is required to find the components of the force R along
X-axis and Y-axis.

Components of R along X-axis = R cos 0
Components of R along Y-axis = R sin

3. Hence, the resolution of force is the process of finding components of

forces in specified directions.
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¢ CONCEPT ODUTLINE

i¢id Body : A body which does not deform under the action of
external forces is known as rigid body. \
stem of Forces : When several forces act on a body then, they ar
said to form a system of forces. :
\ L}ppl:mm' Force System : If in a system, all the forces lie in the same
plane, then the force system is known as coplanar.

/Non-Coplmu Force System : If in a system, all the forces lie in
different planes, then the force system is known as non-coplanar.

1. The external forces acting on a rigid body can be reduced to 2 force-
couple system at some arbitrary point.
the external

2. When the force and the couple are both equal to zero, the €x b6
forces form a system equivalent to zero, and the rigid body is said to be

in equilibrium.
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1-8 o = 3 =
an cient conditions quili jum of a rigl

3. The necessary and sufficie t conditions for the equilibri d

body are :
IF=0 A
M, =Z(rxF)= .
4, In general, the poix:?t O should be fixed with respect to

ference frame. st i
5 l-I;Ze.:,aolving each force and each moment into its rectangul:; comp'o'xltﬁtml
’ we can express the necessary and sufficient conditions for the equili

of a rigid body with following six scalar equations :
W,=0,W’=0,ZF‘=O
w,=o,zMy=o,):M,=0

an inertial

Give the classification of system of forces and also

%in the systems involved. -

[t dids
A. - Classification of System of Forces :

Force System

Coplanar Non-coplanar

—

R ] v v

Collinear ~ Concurrent  Parallel Non-concurrent
Non-parallel

v 1 ¥

Concu.rr/ent Parallel Non-concurrent

/ Non-parallel
;Eg; 181 "
B. Explanation :
ta./ebplanar Collinear System of Forces : Fig. 1.8.2 shows three forces
F,, F, and Fy acting in the same plane. These three forces are in the
same line, i.e., these three forces are having a common line of action.
This system of forces is known as coplanar collinear force system.

Plane

Fl Fg L ;3

b. ; a;arFConeurret{t S?stem of Forces :hﬁg. 1.8.3 shows three
orces F, F, and Fy acting in the same plane and these forces intersect

T e
[Fig 182 Coplanar collinear force 3
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or meet at a common point O. This system of forces is known as coplanar
concurrent force system.

) 3 il F3' ‘
/ @.‘ Iﬁ;@nnménf“_‘mpﬁ% forces;
¢. Coplanar Parallel System of Forces : Fig 1.8.4 shows three forces
F,,F,and F, acting in the same plane and these forces are parallel. This
system of forces is known as coplanar parallel force system.

/ 'ig. 1.8.4. Coplanar parallel forces.:

d 1 N rrent N rallel S;

P \ P ystem of Forces :

Fig. 1.'8.5 shows four forces F,, F,, F; and F, acting in a plane. The lines
of action of these forces lie in the same plane but they are neither

?arallel nor meet or intersect at a common point. This system of forces
is known as coplanar non-concurrent non-parallel force system.
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| Define the principle of transmissibility of forces.
[ARTU 2011-12, Marks 02|

1. Principle of transmissibility of forces states that if force acting at a point
on arigid body is shifted to any other point which is on the line of action
of the force, the external effect of the force on the body remains
unchanged.

!F

(@ ®) ©
Figito
(?( For example, consider a force F acting at a point O on a rigid body as
shown in Fig. 1.9.1(a). .
A3~ Onthis rigid body, “there is another point O’ in the line of action of the
force F. § B
_A-Suppose at this point O', two equal and opposite forces F; and F,,(each
equal to F and collinear with F) are applied as shown in Fig. 1.9.1(b).
/5:' The force F and F, being equal and opposite will cancel each other
leaving a force F, at point O’ as shown in Fig. 1.9.1(c). But force F, is
equal to force F. g
/6./ The original force F acting at point O has been transferred to point 0"
which is along the line of action of F without changing the effect of the
force on the rigid body.
Hence any force acting at a point on a rigid body can be transmitted to
act at any other point along its line of action without changing its effect
on the rigid body. This proves thewprinciple of transmissibility of a force.

Fy=F Fy=F

jAnswer
1. Consider a force F acting at the origin O of the system of rectangular
coordinates X, Y and Z. A 3 N
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2

To define the direction of F, we draw the vertical plane OE?AC containing
F [Fig. 1.10.1 (o). This plane passes through.the vertical Y-axis; its
orientation is defined by the angle ¢ it forms with the XY plane.

The direction of F within the plane is defined by the a.ngle 6, that F
forms with Y-axis. The force F may be resolved into avert'mal. component
F_and a horizontal component F, this operation is shown in Fig. 1.10.1(),
i$ carried out in plane OBAC.

" The corresponding scalar components are :
Fy=Fcos 8, F,=Fsin 6,
But F, may be resolved into two rectangular components F, and F,
2z

along the X and Z axes, respectivel i i i
% R ) y. This operation sh
Fig. 1.10.1(c) is carried out in the XZ plane. P ovn i

We obtain the following expression for the co!
components :

-(1.10.1)

rresponding scalar

F,=F,cos¢=Fsin@, cos ¢
. F,=F, sin ¢ = Fsin 6, sin ¢ .(1.10.2)
The given force F has thus been resolved into thr

] ¢ ee rectangular vector
aa;;:sponents F,, F,, F, which are directed along the three coordinate

1-12 C (CE-Sem-3) Introduction to Engineering Mechanics

8. Applying the Pythagorean Theorem to the triangles OAB and OCD of
Fig. 1.10.1, we write

F2= (0A) = (OB?*+ (BAP =F,2 + F;?

F,?=(0C®= (0D + (DCY?*=F 2 +F}?
9. Eliminating F,? from these two equations and solving f?r F, we obtain
the following relation between the magnitude of F and its rectangular_

scalar components,
2
F= JF] +F! +F;

F,=Fcos ex,F_,{:Fcos o, and F,=Fcos®,
where, 6., By, 0,, = Angle made of F with X-axis, Y-axis and

Z-axis, respectively.

10. We also have,

e 1.11. | A force F has the components F, =100 N, F = - 150 N,

F, = 300 N. Determine its magnitude F and the angles 6, ,, , it
forms with the coordinates axes.

Given:F,=100N,F,=—150N,F,=300N
ToFind:F,Bx,eyan 8. e g 2

1 Welknow that, S
F= [F?+F:+F?
= (100 + (- 150)* + (300)*
= 122500 = 350N

2. Also, we know that

. 100

cos O, = %=-ﬁ =6, =734°
F, _-150 vk e
cos‘ey =735 =6,=1154
cos 6, = %=%§% =6,=381.0°
PART-3
Forces and its Applications
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distance of the line of action of the force from a point is known as
moment of the force about that point.

Moment (M) of the force F about O is given by,
M=Fr +

Line of action of force

Usedinlevers.
\/‘7( Used in levers safety valve.
\_3"" Usedin balancing.

.‘“ State and prove Varignon’.s theorem.

[AKTU 2011-12, Marks 05|

5' Stat.ement : Varignon’s theorem st;ates that th
vari e moment of a force
about any point is equal to the algebraic sum of the moments of its

components about that point.
B. Proof:

; Ih;t :dbe the resultant of forces F, and F, and B the moment centre.
,d; and d, be the moment i
5 ntarms of the forces, R, F, and F,, respectivel
from the moment centre B. Then jn this case, we halve to pzx:(::: l:hatv:e d

'Rd=l"'ldl-1-lt‘2d2
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3. Join AB and consider it as Y-axis and draw X-axis at right angle toit gt
A [Fig. 1.13.1()]. Denoting by 0 the angle that R makes with X-a?ns
noting that the same angle is formed by perpendicular to R at B with
AB,, we can write :
Rd =R x AB cos 0

=AB x (R cos 0)

=ABxR_
where R_ denotes the component of R in X direction.

4.
respectively, then
F,d,=ABxF,, ::(1.13:2)
and F,dy=ABxF, ..(1.13.3)
5. From eq. (1.13.2) and eq. (1.13.3), we have
F,d,+F,d,=AB(F +F,)=ABxR_ ...(1.13.4)

6. Since, the sum of x components of individual forces is equal to the x
component of the resultant R. From eq. (1.13.1) and eq. (1.13.4), we can
conclude : :

Rd=F,d,+F,d,

1.14_,7 Calculate the moment of 90 N force about point O for

{e condition 0 = 15°. Also, determine the value of 8 for which the
moment about O is zero. ’

Fig. 1141,

[AKTU 202814, (i) Marks 05

.
4

(1.13.1) 7
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N force,
M = 90 cos 15° x 600 — 90 sin 15° x 500
= 52159.99 — 11646.85
= 40513.14N

0]
yI17000074

500 mm

.

question, moment about O due to 90 N is zero.
IM,=0

F=90N 4 Fcos6
0

A

<« F
|e— 600 mm —|
[Fig. 114.2.]

sin 0

2. According to the

90 cos 0 x 600 — 90 sin 8 x 500 =0
54 cos 0 =45sin 0
tan 0L
45 5
tan 6= 12 A
0 = 50.19°

" e l'-‘arallel Forces :.The parallel forces which are acting in the same
directionare known as like parallel forces. These forces may be equal or
unequal in magnitude. |

ii. Unlike Parallel Forces : The parallel forces which are acting in the &

opposite direction are known as unlike parallel forces.

f

L

| of several forces.

ring Mechanics

1-16C (CE-Sem-3) - Introduction to Enginee

CONCEPT OUTLINE ~

:(-Eouple : Two parallel forces equ:

direction and separated by a definite

esultant of Several Forces : When a number of coplanar forces
are acting on a rigid body, then these forces can be replaced by a single
force which has the same effect on the rigid body as that of all the
forces acting together, then this single force is known as the resultant

al in magnitude and opposite in
distance are said to form a couple.

the resultant of collinear

Q;\LIB.MI Derive an expg'ession for

Coplanar forces.

/1.: The{'es(xltant is obtained by adding all the forces if they are acting in the
same direction. If any one of the forces is acting in the opposite direction,
then resultant is obtained by subtracting that force.

2 Fig. 1.16.1, shows three collinear coplanar forces F, F,and Fy acting on
arigid body in the same direction, their resultant R will be the sum of

these forces.
o8 P = F] ‘\'V'a—’?azﬁ

R=F,+F,+F,

Fy

[FigiLiel;
Ifany one of these forces (say force F,) is actingin the opposite direction,

as shown in Fig. 1.16.2, then their resultant will be given by,
R=F,-F;+Fy
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Thisisthe subtitle of PDF, Use long text here.



WWW.CIVILGURU.NET
Thisisthe subtitle of PDF, Use long text here.

Engineering Mechanics 1-17¢ (C
E-sem_3
1-18 C (CE-Sem-3) Introduction to Engineering Mechanics
2. Forces P and Q form two sides of a parallelogram and according to the
law, the diagonal through the point O gives the resultant R as shown.
Fy Fy Thus, the magnitude of resultant is given by,
. R= [P+ Q"+ 2PQcosa
‘“‘ g-‘;};,igﬁ " 13 Thedirection of the resultant with the force Pis given by,
O te 1.17.} Three collinear horizontal forces of magnitude 209 & st ! [ @sina ) .
100N and 300 N are acting on a rigid body. Determine the resyyy,, | il
?f th:nft;cefs analytically when ) a“, B. When More than Two Forces Act at a Point :
i e forces are acting in the same direction i i i i
) 4 :me cirection. 1. According to this method, all the forces acting at a point are resolved
i.. The force 100 N acts in the opposite direction. into horizontal and vertical components and then algebraic summation
T of horizontal and vertical components is done separately.
. 2., The summation of horizontal component is written as TF; and that of

vertical ZF,. Then resultant R is given by,

R= |(CF,) +(zF,)
3. The angle made by the resultant with horizontal is given by, -

SRR o

direction, then resultant ﬂ;‘ r tan 0 = L2
~ zFH
, R=F,+F,+Fy=2004+100 +300= 600 N 4. Let four forces Fy, Fy, Fyand F, act ata point O as shown in Fig. 1.18.2.
2 V?hen the force 100 N acts in the opposite direction, then resultant is’ ) Y, ‘
given as, ‘
R=F, +F,+Fy=200-100+ 300 = 400 N } i F
ey K - 1
ae - | Derive an expression for the resultant of concurrent 6y [}
‘ t ‘ 1
- coplanar forces when two or more than two forces act on a point. X 8 >06|\Ve X
N N . ~ % '
A.  When Two Forces Act at a Point : . k F.
L _Sut;l):;;oz;iwo bf:rces Pand Q act at point O as shown in Fig.1.18.1and o, : Y Fe
is e between them. Let 6 is the angle made by th, Fig. 1.18.2.
with direction of force P, e ythe resultant B Llﬂ}»g?ﬁl&&é

5. The inclination of the forces is indicated with respect to horizontal
direction. Let, _
0, = Inclination of force F, with OX.
0, = Inclination of force F, with OX'.
0, = Inclination of force F;y with OX'.
0, = Inclination of force F, with OX.

6. Summation or algebraic sum of horizontal components,
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£Fy = Fycos 0, —F,cos 0,—F3cos0;+F, cosf,
7. Summation or algebraic sum of vertical components,
IF, = Fysin 0, +Fy sin 0, - Fy sin 03— Fsin §,
8. ‘Then the resultant will be given by,
R= |[CF,) + (ZF, )
And the angle (6) made by resultant with X-axis is given by,

@R

tanb=m

'Que1.19. | The force system applied to an angle bracket is shown

~ inFig.1.19.1. Determine the magnitude, direction and line of action

of the resultant force.
—— «—— 80kN
2m
150 kN 20 kN
_L 30° N
|
: 40kN m !
[Fig T8
[AKTU2018-14, (1) Marks 10
£ ad : Magnitude, direction and line of a'_ctipan the resultant force,
1. Considering syst S

the equilibrium of force systen.x, we ha;re

1-20C (CE-Sem-3) .

ORue1

0 as shown in Fig. 1.20.1 is along Y-axis. The magnitude of forces F,
Fyand F, are 10 kN, 20kN and 40 kN respectively. The angles madeby

ZFy = 0=-80+ 150 cos 30° + R cos0=0
R cos 6= -49.9kN (towards negative X-axis)

}.“.FV= 0= 150 sin 30° +Rsin0+20-40=0
R 8in 0 = — 55kN (towards negative Y-axis)
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A, g0kN

150 kN
e 20 kN
! St
1 7’
| L A

(6] z IC

B
R cos @ _l
s 4m

’
%,

40kN
[Fig: 1192

Resultant magnitude, R = /(R cos ) + (R sin 0)?
R= [(C49.97 + (557 =T426kN

Direction of the resultant,

tan 0= ESnO _ =55
Rcos® —49.9
tan 6 = 1.1022
0 = 47.78°
Now for line of action of the resultant taking moment about O, we have
IM,=0

80x2-Rsin0xO0C+20%x4=0
160 —74.26 x sir{ 47.78° x x +80=0
x=4.36m

Resultant will act at a distance 4.36 m from point O towards B and it will
lie outside the frame.

.20.'| The resultant of four forces which are acting at a point

10 kN, 20 kN and 40 kN with X-axis are 80°, 90° and 120° respectively.

Find the magnitude and direction of force Fy if resultant is 72 kN.
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1. Resultant is along Y-axis hence the algebraic sum of horizontal
component should be zero and algebraic sum of vertical components

should be equal to the resultant.
: 3F, = 0and 5F, =R =72 KN *

2. But

=10 x 0.866 + F, cos 0 +20 x 0+ 40 x (—%)

=8.66+ F,cos0+0-20
=F,cos0-11.34
IFy=0
Fyco56-11.34=0
F,cos0=1134
3. Now,

1
=10x 2 +F, 5in 0 + 20 x 1+ 40 x 0.866

=5+F,5in0+20 + 34.64
. =F,sin0+59.64
IF, =R
F,5in 6+59.64 = 72

N F, 5in 0= 72-59.64 = 12.36
5. Dividing eq. (1.20.2) by the eq. (1.20.1), we get
F,sin@ _ 12.36
Fycos0 1134

4. But

or tan 6 = 1.0899

Title of PDF Document

ZFy = F; cos 30° + F, cos 0 + Fy cos 90° + F, cos 120°

2Fy, = F, 5in30° + F, 5in 0 + Fysin 90° + F, sin 120°

..(1.20.1) |
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o, 0 = tan~11.0899 =47.46°
6. Substituting the value of @ in eq. (1.20.2), we get
F, 5in (47.46°) = 12.36
_ 1236 _ 1236 _,5q7kN
-8in(47.46°)  0.7368

F,

bov B Sttt

v CONCEPT OUTLINE

quilibrium of System of Forces : When some external forces act
on a body but it does not start moving and also does not start rotating
about any point, then the body is said to be in equilibrium.

ee Body Diagram : A diagram in which the body under
consideration is freed from all the contact surfaces and all the forces
acting on it are shown on it, is known as free body diagram (FBD).

%] State and prove Lami’s Theorem.
[ARTU 2011-13, Marks 05|

Statement : Lami’s theorem states that if three forces acting at a point
are in equilibrium, then each force will be proportional to the sine of the
angle between the other two forces.
B. Proof of Lami’s Theorem :

1 The three forces acting on a point are in equilibrium and hence they can
be represented by the three sides of the triangle taken in the same

order.
2. Now draw the force triangle as shown in Fig. 1.21.1(b).

Now applying sine rule, we get
P _ Q - R
8in(180°—p)  sin(180°-y) sin(180°— a)
4. This can also be written as,

[
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$
$

(180° - @)

(180° ~y)

v, P

v ®

Que 1.22. | Write in short about principle of equilibrium.

The- principle of equilibrium states (hat, a stationary body which is
§ubjected to cf:planar forces (concurrent or parallel) will be in equilibrium
ifthe algebraic sum of all the external forces s zero and also the algebraic

sum of moments of all the external forces about any point in their plane °

is zero.

/ Mathematically, it is expressed by the following equations
IF=0 ..(1.22.1)
IM=0 ..(1.22.2)

eq. (1.22.2) is known as moment law of equilibrium.

The forces are generally resolved into horizontal and vertical components.

/’i./ The eq. (1.22.1) is also known as force law of equilibrium whereas the
Hence eq. (1.22.1) is written as

Title of PDF Document
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H'!=08nszy=0

$F = Algebraic sum of all horizontal components.
x

where
’ * . t "
IF, = Algebraic sum of all vertical components
. 5 3 ted
/Que 1.23. | Two slender rods of negligible weight are pin connec e'
2t C onig of weight 100 N is,

W 7 . A and B each
at C and attached to two blocks < Priction is 0.3 at all surfaces of

shown in Fig. 1.23.1. If coefficient of 115.0.3 at 2 B e
contact, find largest value of P for which equilibrium 18 maintained

p\ |10°

- ToFind : Value of P,

1. Considering FBD of pin C (Fig. 1.23.2), we have
Fp = Pcos 10°
Fg4 = Psin10°

Fig 1232
Now, considering the FBD of block A (Fig. 1.23.3).
For vertical force equilibrium,
IF, =0
R,-100-F,;cos0=0
R, =100 + P sin 10° cos ©
4. Now, IF, =0,
03R,-F,-sin0=0
0.3 [100 + P sin 10° cos 8] — P sin 10° sin 0 = 0

RS

{ Fyo=Fy)
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i 30+0.3Psin10°cosB—PsinlO’sin0=0

P sin 10° (sin 6 — 0.3 cos 0)=30

1-25C (CE-Sem.3)

i 30
T NI . BT
‘ P= = 10°(sin 0 - 0.3c0s 6)
‘ 100 N R,
[
Fpccos 0
y100 N
5. Let, 0 = 60° so
_ 30
" sin 10°(sin 60° — 0.3 cos 60°)
. P=24128N
6. Considering FBD of block B (Fig. 1.23.4).
100N ARy
‘ Fpe
| 30°
| 60° j
! uRp Fpc cos 60°
1' nEs Bs Fpye sin 60°
‘. : 100N
|
7. Forvertical equilibrium,
100+FBCsi.n 60° = RB
¢ Ry =100+ P cos 10° sin 60° (v Fpo=Fepl

8.  For horizontal equilibrium,
0.3 Ry —Fpcos60°= 0
0.3 (100 + P cos 10° sin 60°) - —P cos 10° cos 60° = 0
30 + P cos 10° (0.3 sin 60° — cos 60°) = 0

_ 30
cos 10°(cos 60° — 0.3 sin 60°)
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P=12683N .
ed will be,
9.. Sothelargest value of P for which equdlhnum is maintainy
P=12683N

ight
~] Two smooth spheres each of radius 100 mm and weigh

‘ i cal walls, the distance
N rest in a horizontal channel having verti
O ll,g(t)ween which is 360 mm. Find the reactions at the points of contacts
A, B,C,and D shown in Fig. 1.24.1 below.
’ 360 mm

" Given 00mm=0.1m, W= 100N, = 360 mm = 036m
_ ToFind:  Reaction at A, B, Cand D. .

1. From Fig. 1.24.1, we have

0,P _360-0,A-0,D
00,  OB+O,B
360—100—100 160

= 7 100+100 200

cosa =

cosa=08
sina= J1—cos’ a =41~ (0.8
= J0.36 =
Ry <BA
e
R,
@ ®
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9. Considering FBD of sphere 1 (Fig. 1.24.2(b)).
IF, =
Rpxsina= w
Ry x 0.6 = 100
Rp=16667N
IF,; =0
R,=Rpxcosa
R,= 166667!08 133 33N
3. Considering FBD of sphere 2 [Fig. 1. 24.2(a)l.
TF, =0
Rc Rysina+W %
R¢g= 16667x06+100
Rg=200N
IF, =0 5
Rp=Rpcosa \ "%
RD—16667x08 133.33N x

© Que 1.25 Two identical rollers, each of weights 1000 N are

supported by an inclined plane as shown in Fig. 1.25.1. Assummg'
smooth surfaces, find the reactions induced at the points of supports.

[AKTU 20165-16, (I) Marks 1o.|

i
|

BVt

“To Fin, acnons at the pomt of supports o

Considering FBD of sphere 1 (Fig. 1.25.2).
Along axis 00" :
R, cos 20° - 1000 cos 20°-R, =0
R, c0s 20°~ R, = 939.69
Along axis perpendjcular to 00': |
R,~—1000 sin 20° — R, sin 20° =0
—R, 5in 20° + R, = 342.02

-~(1.25.1)

...(1.25.2)

Title of PDF Document
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1
! 1000N
=

[Fig:1.252.
Considering FBD of sphere 2 (Fig. 1.25.2).
Along axis 00’ :
R, —1000 cos 20° =
R,=939.69N
Along axis perpendicular to 00’ :
R;—-1000 sin 20° = 0
Ry=342.02N ...(1.25.5)
On putting the value of R, in eq. (1.25.1) from eq. (1.25.3), we get
R, cos 20° = 939.69 + 939.69 ’
1879.38
17 “cos20°
R, = 1999.99
R,~ 2000N
Now putting the value of R, in eq. (1.25.2), we get
R, = 342.0201 + 2000 sin 20°
R,=1026.06 N

.(1.25.3)
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rent force system,

EAn
i/ Equations of Equilibrium for Coplanar Non-concurrent Force
System :
1. Anon-concurrent force system will be in equilibrium if the resultant of
all forces and moment is zero.
2. Hence the equations of equilibrium are :
2Fx=0,2Fy=0andZM=0
Ui/ Equations of Equilibrium for Coplanar Concurrent Force
System :
1. For the concurrent forces, the lines of action of all forces meet at a point,

and hence the moment of those forces about that point will be zero or
ZM =0 automatically.

. 2. Thus for concurrent force system, the condition XM = 0 becomes
redundant and only two conditions, i.e., IF_=0and ZI“y =0 are required.

.n'_ Three parallel forces F, F, and F4 are acting on a body

as shown in Fig. 1.27.1 and the body is in equilibrium. If force

F,=250N and F; =1000 N and the distance between F; and F,=1.0m,
then determme the magmtude of force F, and the dnstance of F,
from force Fy.

F;=250N Fy=1000 N

Title of PDF Document
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1. For the equilibrium of the body, the resultant force in the verfxcal
" direction should be zero.

TF, =0

Fi+F3-F,=0

250 + 1000-F,=0
F, =250 + 1000 = 1250 N .

2. For the equilibrium of the body, the moment of all forces about any )

point must be zero. Taking moments of all forces about A and considering
distance BC = x, we have
szAB—ACxF3=0 .
=AB+BC=1+x)

1250 x 1 —(1 +x) x 1000 =0 (- AC
250 = 1000 x
=20 _025m
1000

Fnctwn, Limiting Fnctxon Laws of Frictioi
Dynamw Friction, Motion of. Bodtes. -

CONCEPT OUTLINE

lFt/)rce of Friction : When a solid body slides over a stationary solid

/Statnc Friction : The force of friction up to which body does not move Sk

body, a force is exerted at the surface of contact by the stationary body &
on the moving body, this force is called force of friction.

is called static friction.

miting Friction : The force of friction at which body just tends to
start moving is called limiting friction.

‘gﬁetlc Friction : The force of friction acting on the body when the
dy is moving is called kinetic friction.

LR Quqsl;iox_xs-Apéwer; i

 Long Answer Type and Medium Answer Type Questions

- | Define friction. Also explain its types.
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{Agswer - irtue of which a force j

o e the bodies by virtue of W oree jg

j Friction : The t?rzla’j;"gog; on the moving body to resist the motion of
exerted by a statio parallel to the surface of

i i iction. Friction acts
e tj.;ot‘,na!::gdbg:g;:dc:l 1lxed o f surface of contact. |
contac .

B. Typesof Friction: ricn . v
Dynami iction: tact,

i Friction : If the two surfacfes which are in contact,

Sumtc an:1 the f::;ixperienced by one surface is f:al]ed static friction,|
;r:taifrzr: suface starts moving and the other is at rest, the force
experienced by the moving surface is called dynamic friction. ‘

icti faces, which are in contact,

Wet and Dry Friction: If between t}wo sur s ! :
lu;rication lx;y used, the fricion, that exists between two surfaces is known|

aswet friction. But if no lubricantion is used, then the friction bet:wee{1

two surfaces is called dry friction or solid friction.

pon the nature o

Write down the laws of friction.

AMI‘;c;Ilowing are the laws of friction :
J\ The force of friction acts in the opposite direction in which surface is|
having tendency to move. )
The force of friction is equal to the force applied to the surface, so long
as the surface is at rest. .

/" The limiting frictional force bears a constant ratio to the normal reaction
between two surfaces. r

\/ The limiting frictional force does not depend upon the shape and areas
of the surfaces in contact. =7 =

\,8,/ The force of friction is independent of the velocity of sliding.
Que 1.30. | Define the following terms :

i. Coefficient of friction.
ii. Angle of friction, and
iii. Angle of repose.

The ratio between limiting friction and normal reaction is slightly less
when the two surfaces are in motion.

Coefficient of Friction : It is defined as the ratio of the limiting force

E; friction (F) to the normal reaction (R) between two bodies. It is denoted
" :

Math

_ Limiting force of friction

tically, &
Normal reaction

"
R

Title of PDF Document
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Que 1.31/
i;clme. coefficient of friction at all contact surfaces is 0.2, determine
the pressure between the blocks.

~ ToFind : Pressure lbgtv&_éen twoblocks. -
1. Considering FBD of block of 300 N (Fig. 1.33.2).

2.

Introduction to Engineering Mechanics

‘Angle of Friction: It is defined as the angle made by the resultant of

y the normal reaction (R) and the limiting force of friction (F) with the
normal reaction (R). Itis denoted by ¢.
. uR
- Mathematically, tan o= 7 == =n
iii. Angle of Repose: It is defined as the maximum inclination of a plane at

which a body remains in equilibrium over the inclined plane by the
assistance of friction only. ;

Also, Angle of repose = Angle of friction

Two blocks, as shown in Fig. 1.31.1 slide down at 30°

[AETU 2013-14, (D Marks 10|

“Given': = 0.2, 6 = 30°, Weight of blocks = 200N and 300N ==

Ry

=

* For equilibrium, we have '
ZFV =0 .
R, = 300 cos 30°
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Also XFH =0 L
8005sin 30°+ P—p R,=ma
300 B
300 sin 30° + P— 0.2 x 300 cos 30° _981 ( m-;.
(131
3
[Fig/T313]
4. For equilibrium, we have
IF, =0
R =200 cos 30°
IFH =0 '
200sin 30°~P-uR,=ma
._ 200
100 — P—0.2 x 200 cos 30° = 981 a
-2—2%41 +P= 6536 .(1.312)
5. After solving eq. (1.31.1) and eq. (1.31.2), we have

a = 3,206 m/sec? and P=0
So, no pressure will act between the blocks.

for all contact surface.

d 2. | Determine the force P required to impend the motion of
the block B shown in Fig. 1.32.1. Take coefficient of friction as 0.3

L@Tuzol4-15, (IT) Marks 10|
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To Fmd H Value ofP
Considering the FBD of block A (F:g 1 32 2)
IF, =0
R, =300N
Since F is limiting friction, I
Fi=pR;=03x300=90N
ZFy = 0, gives
T=F,=90N

300N

Considering the FBD of block B (Flg 1.32.3).

2.

B Fy=pR,

Fz—b Rz

BOON i -
[Fig-1323]
IF, =0
R,-500-R,=0
R,-500-300=0
R,=800N
F,= pR,=03x800=240N
IF, =0
P=F+F,
P=240+90
P=330N

at are the different types of motion of bodies ?

Que 1.33,

petach Afin S

Followxﬁg are the different types of motion of bodies :

Thisisthe subtitle of PDF, Use long text here.
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J/‘ Linear Motion : When abody moves in astraight line only, thm
is called linear motion. :
Curvilinear Motion : When a body moves along a curved path, the

" motion s called curvilinear motion. i
iii~ Rectilinear Motion : When a body posses both linear and circulay
motion, it is said to be in rectilinear motion. s

\/iv- Periodic Motion : When the motion of a body repeats over a period of

time, it is called periodic motion.
Ng

oscillatory motion.

) V‘Qneétiqm{-t@hswérs S ashine

Bk LongAnswerType and Medium Answer Type‘Ql‘:x‘th’i‘on‘s 7
% () o LA B iR R = AR

Oscillatory Motion : To and fro motion of a body about a point is cal]eq

4, | Define wedge and discuss about the equilibrium of body
laged on wedge.

[Angwer
/?V;:dge : A wedge is a piece of metal or wood which is usually of a
] triangular or trapezoidal in cross-section. It is used for either lifting
i /ﬁ/hads or used for slight adjustments in the position of a body i.e., for

tightening fits or keys for shafts,
- Equilibrium of Body Placed on Wedge :

"1.  Considering the equilibrium of the wedge. The forces acting on thé
- wedge are shown in Fig. 1.34.1, They are :

i The force P applied horizontally on face BC.

il. Reaction R, on the face AC (The reaction R, is the resultant of
| normal reaction on the rubbing face AQ and force of friction on

surface AC). The reaction R, will be inclined at an angle ¢, with the
normal. !

Reaction R, on the face AB (The reaction R, is the resultant of
normal reaction on the rubbing face AB an

surface AB). The reaction R, will be inclined
j» normal. :
l

d force of friction on
at anangle ¢, with the

2. When the force Pis aﬁplied onthe wedge, the surfac.e CA w-xl] be moving

towards left and hence force of friction on this surface will be acting
towards right. )

Title of PDF Document
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3. Similarly, the force of friction on face AB will be acting from A to B.
" These forces are shown in Fig. 1.34.1.

4. Resolving the forces horizontally, we get
" Rysingy+Rysin(g,+)=P ... L
Resolving the forces vertically, we get
R cos ¢, =R, cos (¢, +a)

Force of ¢L
friction R,
LS
[Fig. 1841

A uniform ladder 5 m long weighs 180 N. It is placed

against a wall making an angle of 60° with floor. The coefficient of
friction between the wall and ladder is 0.25 and between the ﬂo.or
and theladder is 0.35. The ladder has to support a mass 900 N at its
top. Calculate the horizontal force P to be applied to the ladder at

the floor level to prevent slipping. [AKTU 2014-15, (I) Marks 10|

 Given:W, =180 N, W, = 900N, y, = 035, 1, =

. To Find : Horizontal force Pto prevent slipping. - e

1. According to Fig. 1.35.1 for the ladder AB placed againszt a wall and
various force acting on it. P is the horizontal force which has been
applied on the ground level to prevent slipping.

2. Resolving all the forces along horizontal and vertical directions, we
have - ,

..(1.35.1)

.(1.35.2)

CE0 ) S L,
R, +p, By = W, + W, = 180 + 800 = 1080 N
Taking moments about the end A, :
W2x0A+WlxDA=beOB+prbeA

Thisisthe subtitle of PDF, Use long text here.
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Rﬂ
[Fig: 1:35.1.
4. From the geometrical configuration,
OA =5c08 60°= 2.6 m, DA = 2.5 cos 60° = 1.25m|
OB =65'8in 60°=4.33 m
" 900 x 2.6+ 180 x 1,25 =R, x4.33 + 0.25 R, x25
. R, (4.955) = 2475
] R, 2476
4,956
5. From eq. (1.35.2) and eq. (1.36.1), we have
R, =1080- My Ry, = 1080 - 0.25 x 499.495
R, =955.13N
P=Ry-p, R, =499.495 - 0.35 x 955.13

=499.495 N

P=1652N
R s ciss
PART-9

nd Differential Sc.

N el e

CONCEPT QUTLINE

the h: J:; k2Tt is a device used for lifting heavy weights of = 7
___~Pofasmall effort applieq at its handle.

T—

Title of PDF Document
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LQ;"Q 1.36. | Derive an expression for the effort applied to lift or lower
the load.

1. Let, W= Weight placed on the screw head,
P = Effort applied at the end of the handle,
L = Length of handle, )
p = Pitch of the screw,
d = Mean diameter of the screw,
a = Angle of the screw or helix angle,
¢ = Angle of friction, and .
u = Coefficient of friction between screw and nut =tan ¢

Screw head ﬂ i ]

" Nut

2. When the handle is rotated through one complete turn, the screw is also
rotated through one turn. Then the load is lifted by a height p (pitch of
screw).

Thisisthe subtitle of PDF, Use long text here.
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Fig. 1.36.2(a). This is similar to the inclined plane. The distance AB wil]

pitch (p) of the screw.
4. From the Fig. 1.36.2(a), we have
Faat _'B_C_:—_P...'mr WD Ak
tan o= AC nd BT ..\.(1.36.1)
} 5. Let, P’ = Effort applied horizontally at the mean radius.

‘ . E of the screw jack to lift the load W,
<4 I'F = Mean radius of the screw jack = d/2,
R = Normal reaction, and

" F= Force of friction = uR.

C

6. As the load W is lifted u; :
pwards, the force of friction wil i
. downw.a.rds. All the forces acting on f.he body are shown inwFEi;.TBZC;::)g
.. Resolving forces along the inclined plané, we ha‘ve o
b s ‘F+Wsina=P cosa

| S u-'k+‘Wsina=pvcosa

( F=uR)
...(1.36.2)

Title of PDF Document

3. The development of one complete turn of a screw thread is shown i

be equal to the circumference (nd) and distance BC will be equal to the -
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g. Resolving forces normal to the inclined plane, we bave
o it p - Weosa+ Psina
" 9. Substituting the value of R in eq. (1.36.2), we get
(W cos o+ P'sina) + Wsina =P cosa .

(pimiane 2228

iuli(Wcosu.+P'sina)‘+Wsi.n'u=P'cosq cos

cos
sin¢cosa+P,sin¢sina
cos ¢ cos ¢
+ 10. Multiplying by cos ¢, we get '+ .
Wsin¢éosa+P’s'm¢sina+Wsinacos¢=P’cosucos¢
W(sin¢cosa+sinacos¢)=P’(cosa'cps¢—sinasin¢)
W sin(a + ¢3 =P coé(a +¢)

+Wsina =P cosa

PO R ) .{1363)

_cos(a+¢) . ;

11.. Now P is the effort applied at the mean radius of the screw-jack. But in =
case of screw-jack, effort is actually applied at the end of the hax}dle as
shown in Fig. 1.36.1. The effort applied at the end of the handle is P.

12. Moment of P' about the axis of the screw
— P' x Distance of P’ from the axis of the screw
= P' x Mean radius of the screw jack
=P' xd/2

13. Moment of P about the axis of the screw.
= P x Distance of P from axis

. ) =PxL
14. Equating the two moments, we get

P'x%:Pxf..
ed _Pop e
P=Pxoracrx Pl wa sarutpn sL364)

15. Substituting the value of P from eq. (1.36.3) into eq. (1.36.4), we get
2 x W tan (o +¢) .
2L

Eq. (1.36.5) gives the relation between the effort required at the end of
the handle and the load lifted. s Eevo ‘ L

P= ..(1.36.5)
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d
16. Torque requ.u‘ed to work the jack, T=PL= W tan(a + ¢)

d
W = +6)
17. Now, P 2 Wtan(a [)

E( tana+tan¢)
2L \1-tanatané

P
Wd| zg ™"

2L| _P
vl“dp.

SR b ('.'tana=£,tan¢=p) :

E(M) (1366

nd - pp

Eq. (1.36.6) gives the value of P in terms of coefficient of friction and

pitch of the screw.
. Effort Required at the End of Screw Jack to Lower the Load :

L '_I’he screw jack is also used for lowering the heavy load. When the load
"+ is lowered by the screw jack, the force of friction (F = pR) will act
upwards. Fig. 1.36.3 shows all the forces acting on the body.

R

WW'"‘EW

2. Resolving forces along the mclmed plane,
F+Pcosa=Wsina '
PR+ P cosa= Wsina
3 Ré_solving forces normal to the plane

.-.(1.36.7)

R=Wcosa+Psina

4. Subshtuhngthevalueomeeq (1.36.7), we get
n(Weosa+P sina)+P cosa= =Wsina
‘:chosa.+pP'sma+Pcosa Wsma
uP'smu-l-P'cosa Wsina—pWeosq
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P=rs
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P'[s—m—?- sin o + cos
cos ¢

,.d
P><L=P><2

d
2L

‘6. But P’ is the effort applied
actual case, effort is applie
apphed at the handle is P. Equating
axis of the jack, we get

7. Expression for Pin terms of

— )=

P (usin o + cos o) = W (sin .~ cos a)
] W[sin a — :‘1’21 cos»u]

(om0

“

5. . Multiplying by cos ¢, we get
P(sin¢sina + cos a.cos §) = W (sin acos §— —sin ¢cos a)

P'lcos (¢— )] = Wisin (¢—a)]
sin(¢ — a) -
& Wm(¢—a) =Wtan (b
If a> ¢, then P'=Wtan(a—¢)

—a)

...(1.36.8)

at the mean radius of the screw jack. Butin

xp'-zixman@, @

[ p—tana
oL \1+tan¢tana

J ('-."tan¢=p,tanu= =

)

2

d at the handle of the jack. Let the effort
the moment of P and P* about the

...(].36.9)

Eq.(1.36.9) gives the relation between the efforts reqmred at the end of
the handle to lower the load (W).
coefficient of friction and pitch of the screw,
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ion to Engineering Mechanics
I -3) Introduction
1-44 C (CE-Sem
- Distance moved by the effort
. _ Distance moved by the eo7~
e, fi 4 Velocityratio, VR = Tue o moved by the load
the screw head of screw jack to lift aload of 1500 N, The’le ttedto
the handle is 70 em. The mean diameter and the pitc}, of tﬂt
(@ screw jack are 6 cm and 0.9 cm respectively. The ¢ he

"efficien
friction is given as 0.095. tof

If instead of raising the load of 1500 N, the same load is Ioy,
determine the effort required so apply at the end of the h;lll;:’_

Given: W=1500N,L=70cm= 0.7
i p=09cm=0.009m,1=0.095 B st ey
' “ToFind: i Effort required to raise the load. -
SH s B Effort required to lower the o

m,d=6cm=006m

"1 Effort required to raise the load is given by,
p_ W (prud
2L \nd — pp
_ 1500 x 0.06 (0.009 +0.095 x T x 0.06) —9.99N
T 2x0.70 \xx0.06-0009x0.095)
2. Effort required for lowering the load is given by,
pi W[ mighy
T 2L\ nd+ wp
_ 1500 x0.06 (0.095 x 1t x 0.06 — 0.009)
T 2x0.70 \xx 0.06 + 0.009 x 0.095
=3.024N 3
/'gg‘g 1.38. | Write a short note on differential screw jack with neat
diagram.
- /Diﬂ'erential screw jack consists of two spindles A and B. B externally -
threaded and A both internally and externally threaded.

‘y The internal threads of spindle A meshes with internal threads of. spindle
B. Spindle A is screwed to fixed base. .

f.’ ‘When the lever is rotated such that spindle A rises, spindle B also rotates
and it will come down.
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Centroid and Centre

- Part-1 : Centroid, Centre of Gravity, ......
i 3 Centroid of Simple Figures

from First Principle

Centroid of Comp’ositev..( ........................

" Sections, Centre of Gravity
and its Implications

" Part-2 :

2-14C to 2-20C

Area Moment of ..........co..con. e
Inertia-Definition, Moment =
of Inertia of Plane Sections
from First Principle

 Part-3 : 2-20C to 2-21C

Part-4 :

Theorems of Moment.....

2-22C to 2-23C
of Inertia b

: - Part-5 :

Moment of Inertia of ...c....c.cccvvumcicne.. .
Standard Sections and

2-23C to 2-37C
. Composite Sections i

‘Mass N.Ioment of Inertia ...
.-of Circular Plate, Cyhnder
Cone, Sphere, “Hook

2-1C (CE-Sem-3)

Title of PDF Document

of Gravitj;

here.

2.2 C (CE-Sem-3) Centroid and Centre of Gravity

vfram FLrst Prmczple.

CONCEPT OUTLINE

entre of Gravity : It is the point at which the whole weight of the
body acts. A body is having only one centre of gramty for all positions
of the body.

entroid : The point at which the total area of a plane ﬁgu.re (like
triangle, rectangle, circle, etc.) is d to be trated is known
as the centroid of that area.

(f aline,
Lif. a straight line, and
! ,m/ a composite line.

1. Consider a homogenous wire of uniform cross-sectional area A, total
length L and density p. If we divide it into infinitesimally small elements
then the weight of an element of length dL is given as,

dW = pA(dL)g

PHIEE; i“@h&ﬁ&"&‘;h 9
Hence, the weight of the entire wire is obtained by integrating the
above expression over the length

W= pAgL

1 2.

Thisisthe subtitle of PDF, Use long text here.
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2-3 C (CE-Sem.3)

Centroid and Centre of Gravity
2-4C (CE-Sem-S)

m Let L, be the length of a segment for which the centroid is known and

the X-axisis givenas the weigh

ie., pAg(dL)y.
4. Using the principle of moments, the'
gravity of the entire wire is determined as

FW = IpAg(dL))’
FpAgL = [pAg(dLYy

5 5 . e
6. Similarly, the x-coordinate of location of centre of gravity of the wire| 55 : .

can be determined as,

t multiplied by the perpendicular distance| 2-

(- W = pAgl)
i ity p and cross-sectional area A are constant thro_ughon{
> fl]:cleenﬂ;:lfz?:l‘g&re, they can be taken outside the integral sign.

(%, %) be the jocation of its centroid.

y-coordinate of location of centre of 3. 'Thenthe centroid of the composite line is given by,

1. Consider an arc of a circle’ symmetric about the X-axis as shown in -
1 Fig. 2.2.1. Let R be the radius of the arc and 2a be the subtended angle.

= I xdL 9. Consider an infinitesimally small length dL such that the radius to the
7 length makes an angle 0 with the X-axis. Then its length dLis givenas,
= (1] i
ii. Centroid of a Straight Line : ) » dL=Rd
1. Consider a straight line of length L along the X-axis. If we take an 1;'
infinitesimally small length dx at a distance x from the origin then its "
first moment about the Y-axis s, | : . .
dM =xdx i %’I’ﬁdL
2. - Therefore, the first moment of the entire length about the Y-axis is, : o ,1 0’ i
L ) | » (e ! »X
= = E_ (0N
M,= {xdx =5 o

¢ x
[Fig:2:127 Centroid of A straight line. |
3. The x-coordinate of the centroid is given as,
M, _ L}/2
L L

Y
A
H
i < x
01—&-!-——»){
dx

X =

=L/2

; y lies ot the midpoint of the line.
1 ifi. Ceptroid of a Composite Line :
i L general, a given curve m

tis divided into finite segments of re
centroids are readily known,

Title of PDF Document

2y not be of regular shape then in that case:
gular shapes for which positions?

TTTTTYOE,
%

L= iRdG:ZaR

The first moment of the i;nﬁnitesimally small length about the Y-axisis,
dM_ = x dL = (R cos 6) (R d8) = R%cos 0d6

y . e
From figure 2.1.2, we can readily see that as the line is along the X-axis, 5. Hence, the first moment of the entire arc about the Y-axis is given as,
¥ =0, Therefore, we can conclude that the centroid of a straight line )

/S M= IR’cosBdO

= Rl[sinQL =2R?sina
the x-coordinate of centroid of the arc is given as,

- _ M, 2R'sina_Rsina
s ===t ST LSI0Q (22
X 1 5 = (2.2.1)

=

Therefore,

Thisisthe subtitle of PDF, Use long text here.
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- neering Mechanics Senx.a)l AP
Fig, 2.1, weesn see that due to symmetry of the ar, abﬂui‘ 2.6C (CE-Sem-3) Centroid and Centre of Gravity
F mﬁle e ] \ .
b axis, ¥ = 0. 2 —n/2ton/2hence th | Position of centroid for arc,
X + o ular 81, @ varies from 8 e the IUCation 3 k- \
8 For asemicif S edby substituting a = n/2ineq. (2.2.1), we i _0(’ ; . s X s 25 jm
" tscentroidis obtain 4 =0 | » . - =
i < £=9R /n an ‘ ] . !
A | y‘.=10+—=10+——=13.18m
. oishentintod closedloop A-B-C-D-E-A ag shown' 4 T o L -
1A " " 4. The coordinates for the centroid of various lines and curves are shown

ich portion AB is circular arc. Determine th
AKTU 2011-12, Ma;

in table given below :

oentmidoﬂhe ., U4
[ A 5 pa o Mool bdopamt B S
g L - 14 AB 7.85 1.82 13.18 14.287 103.463
° 2 | B 5 5+ g =75 |10+5=15| 375 75
3 ¥ i 15
i 3 cD 5+10=15 .10 ? =7.5 150 | 112.5
g ’ : |
= 4, DE 10 % =5 0 50 U
l 5| Ea 10 0 25| o 50
IL, =47.85 251.787 | 340.963
| 5. Centroid of the given figure is,
= ILx; Ly,
g :Fig.2.3 i . (5 ‘(zLi'zL.-)
i o - :
T ity ZLETES , _ (251.787 340.963) _ < 06 713
1 Consider ED as X-axis and AE as Y-axis or AE and ED as reference axes “\T4785 4785 4
to determine the centroid. i
! A |3 ’ ‘e that centroid of a rectanglelies at the intersection
2 1quthofarcAB=?=E1:=7.85m
Y1 B . Wit
[ . Consider arectangle of base length b and height k. If we take a thin strip
T parallel to the X-axis at a distance y from the X-axis and of infinitesimally
A 1 small thickness dy then its area is given as,
I-Z—r-l dA=bdy
3
E L i X
Figiaa3]

TR

Title of PDF Document
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Seln-a) {

5 4

ol

e X

b l
[Fig-24.L}
2 Hence, the area of the rectangle is,

h A
= jdA:Ibdy:bh
0 0

73

As each point on this strip
& ke t of area of the strip about the X-axis as,

can take momen!
’ dM, =ydA =yb dy

4. Therefore,

7

A bh?
M’ = _!y(b dy) ——2—

5. Hence, the y-coordinate of the centroid of the rectangle is given as, -
_ M,_bK/2_h

Y=A T bh 2 '
6. Inasimilar manner, we can consider a vertical strip at a distance x from
the Y-axis and of infinitesimally small thickness dx, and obtain the
z-coordinate of the centroid as, .

7. Thus, we can see tha
in other fords, at the intersection of its two diagonals. 25

7| Show that centroid of a right angled triangle lies at

3) vivhere b and k are the base and height of the triangle
ively. ik ’

1. Consider aright angled triangle of base b and height /. If we takea thil.

strip parallel to the base at a distance y from the X-axis and ¢

infinitesimally small thickness dy then its area is dA = b’ dy, where b'is

the width of the strip.

Title of PDF Document
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is at the same distance y from the X-axis, v.afe‘

the first moment of the entire area about the X-axisis,

& centroid of a rectangle lies at the midpoint or |

pa—

UL

2-8C (CE-Sem-3)

Centroid and Centre of Gravity

X

fFig. 2.5.1; Centroid of a right angled triangle. |
From similar triangles ABC and ADE, we have

b b b
b b2k
h-y R ¥ h( »
NP dA= b'dy=%(h—y)dy a

Then a.rc;a of the entire triangle is obtained as,
N b
‘A= — |(h-y)d;
A= !( y)dy

th
S bf,, [ 2
h[hy 2}0 2

The first moment of the strip with respect to the X-axis is,
b
dM, =ydA = y[z (h— y)] dy
Therefore, the first moment of the entire area about the X-axisis given
as,

M. =

x

Ot

t b
ydA=[yy b=y
o .

>lor o

A
!
£ 2T bR
["2 3[ 6

Therefore, the y-coordinate of the centroid is given as,
M, bh'/6_h

V=74 "hiz 3 ;
In a similar manner, we can consider a vertical strip of area dA parallel
to the Y-axis and obtain the x-coordinate of the centroid as,
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M,_b =
z =‘ 2 3

[

: id of a right angled triangle i (2
Thus the coordinate of centroid O g - ;

Q“i 2.6, Find out the centroid of area of a circular gectq, , |
@ o

also find the centroid of 2 semicircle.

17

area of a circular sector of radius R with subte nded

1 g“::f‘fzyﬁmetm about the X-axis. If we take an element of ares i
at;nangleefmmtheX axis thenits mambedetemnedbymnsldem‘.
OCD as a triangle and is given as, 3

R?
Vi dA = (VDR xRdo= —-do
Y -
= FR
R 4 ? _ 25
X y ! : 3 =0
(‘}P: gﬁ‘ == E X
1
F=e i

[Fig.2.6.17 - A circular sector. |
The centroid of this triangle lies at a distance of (2/3) R from O.
Hence, the x and y-coordinates of the centroid are,

2
x= 3 Rcosfandy = § Rsin0
3. Areaoftheenhremmﬂ

for dA between limits, ;. te Se(:tor is obtained by integrating the exptesswn :
A= I K ao- 0y
T,
aking the first moment of the triangle OCD about the Y-axis,
dM =xdA= —RcosBR—de

Thereft
efore, the first moment of the entire area about the Y-axis is, i
M (xaa

Title of PDF Document
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2-10C (CE-Sem-3) Centroid and Centre of Gravity

- ]'-%Rmeiz-dé

= —[sm 0]: _ ZR“ sina
6. Therefore, the xmdmate of the centraxd is

=M, /A_2 e (261
a
7. Asthesectoris symmetric aboutX axis,
y=0

g, For asemicircular area, we know that 0 varies from — n/2 to /2. Hence,
its centroid is obtained by substituting a = /2 in eq. (2.6.1) for X.
Therefore, we get

= S—R and ¥ = =0

9. Similarly, if the area is symmetric about Y -axis then the centroidal

coordinates are
4R

x=0and y=—3;—

‘| Derive the expression for the centroid of a parabola.

1. Conmder a shaded area bounded by a parabola of equation y = kx?,
X-axis and line x = b as shown in Fig. 2.7.1. Then we see thatatx =0,
y =0and at x = b, y = h. Therefore,

.k=%
ﬂY
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Eagineering Meche” OBty
allel to the Y-axis at a dist Centroid and Centre of Gravity
vertical striP Py 11 thickn oo o o
3. Consider & nfinit esimally sma ickness dx ag g m“,eé
origin andTh nitse elemental area is givenasdA =y g, _ (h/b WI i the.
Fig. 2.7.1 th: under the entire curve is, e
fore,
There® f b\ dx
A = o bz.
R b bh
—_—X—=—
¥ 3 -
Wé see that the area of the curve is 1/3™ of the area of the ,. Ellclom
o d
4 ﬁ:ai;st moment of the area about the Y-axis is given as,
) = Iz dA
= Ix — x*dx
_h b _bh
AN T o3 _
5. Therefore, the x-coordinate of the centroid is given as, 1. Let us consider an element at a distance r from the centre O of the Fi
__ M, _bhi4_3 " semi éircle, radial width being dr and bound by radii at 6 and 0 + d6.
*="A " bni3 4 Areaofelement—rded.r‘ :
6. Ina similar manner, we can consider a thin strip parallel to the X. - axis 2. Its moment about X-axis is given by,
-and of infinitesimally small thickness dy as shown in Fig. 2.8 2 i ]‘ Y 1
AY 7 \“:
&
:
h )
1
; o
7. The clemental area is given as dAj- (b — x)dy. Therefore, the ﬁrst“‘ i rd0dr xrsin@= 11)-2 s:.nxe dr d:)s
- moment of the area about the X-axis is given as, if 3. Total moment of area about X-axis is,

M= JydA=,fy(b-x)dy "

aa a 3

[[ r*sinedrdo= | [’_I sin 0 d6

0o o L3

t b b sz pp? : ‘ = a_sl_msel“=a_s[_¢osu+coso°i

I (b—rufyw)dy b———!— S 3 3

8. Theref [ 2 RV2 5/2 10 3 [ (100)3 3

erefore, the y-coordinate of the centroid is given as, = [ cos 45° + 1] =97631.073 mm
5o M. _bh/10 3

y="F=

A BRI3Z "0
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2 &
4. Area of the sector = ©¢ (ﬁ)

2-14 C (CE-Sem-3) Centroid and Centre of Gravity

[ PART-2

45 2
= 7(100)? (%6) mm® = 3927 mm?

.. _ _ Moment of area about X - axis
5. The position of centroid ¥ = e p—

97631.073
= 39267 .
h 7=24.86 mm ‘
6 Now consider an elementary strip OPQ that subtends an angle dgat g, - .

PQ:adB -

7. Asangle dfisvery small, consider it as a triangle.

. 1
. Area of the elementary strip = —2-(ad9)a -

=)

composite area. Such an area may be composed of regular geometric
shapes such as rectangle, triangle, circle, semicircle, quarter circle, etc.
2. In such cases, we divide the given area into regular geometric shapes
for which the positions of centroids are readily known.
3. LetA,betheareaofanelement and (X, %) be the respective centroidal

coordinates. Then for the composite area,

2
M:%@
8. Centroid of this triangular strip lies on a line that joins O to the mi}]

point of PQ and at a distance %a from O.

9. Distance x of centroid from Y-axis = %a cos 0 . j-! Ax = AR +AG +..+AX,
~ w ] 2o ZAT
10. Moment of area of elementary strip about Y-axis = Hac 358 (2 ?’-1 4
i o= L
o 4. Similarly, y= A%
dM, = 14 cos ol v 7 A
3 S where the total area, A = ¥A,, in which the areas are added up

11. The z-coordinate of the centroid of the lamina from Y-axis will be, - algebraically.
Moment of area about Y -axis

Total area of section

x=

ifid out the centroid of an L-section of 120 mm x 80 mm

shown in Fig. 2.10.1. '
»{ 20 |

@’ cos 0.do .
2 [sin0]

1
3
fZa 3 [0k
0

=60.02 mm
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= tsl,l-ﬂmetz-xcal about any section. Henee, jn ¢1;
isno eferences. The lowest line of the ﬁgt;l: i
taken as axis of reference for calculating ¥ anq g,

tion (i.e., line AG) will be taken as axis of reference - 1

hegi n L-section
. Tc:sigit‘h:ire will be two axes of r
(i.e.,line GF)willbe

left line of the L-sec

forcalculating £- S

el
T BT All dimensions in mm
@ .

100
120

& E ¥
& | w
G |[e— —ir }

et

"D

2. The given L-section is split up into two rectangles ABCD and DEFG,as ‘

shown in Fig. 2.10.2.
3. A, = Area of rectangle ABCD = 100 x 20 = 2000 mm?

y, = Distance of centroid of rectangle ABCD from bottom line GF. i

= 2o+% =20+50=70mm

A, = Area of rectangle DEFG = 80 x 20 = 1600 mm? ;
¥, = Distance of centroid of rectangle DEFG from bottom line GF.

22 =10mm

4. By using the formula, we have

y= ,WhereA:Al\,.A2 -4
- 200070 +1600 x 10
2000 + 1600
. Let,x, = Distance of the rectangle ABCD from left line AG.

=43.33 mm

=20 _ .
=3 =10 mm

% = Distance of the rectangle DEFG from left line AG.

Title of PDF Document

Ay +4Ay, S
A f

2-16 C (CE-Sem-3) Centroid and Centre of Gravity
= 8—20- =40 mm
6. Using formula, we have
+ X,
%= ﬁ——é’—l‘ A
2 2000 x 10 + 1600 x 40 L0933 o
2000 + 1600

Hence, the centroid of the L-sectionis at a dxstanoe of 43.33 mm from
_the Mottom line GF and 23.33 mm from the left line AG.
211 | Locate the centroid of the shaded area shown in
R Cusaimel
g 2.11.1. All dimensions are in meters.

ft——f—|
60 60

60

R=
80 0

20 ' 80

Wx'mzomls:(m:mnm

1. Sha;ied area, ABCED = Rectangle AOCD
+ Triangle DCE — Quarter circle OBC

Y E(GO, 140)
e-60
60
6
©,80D 125 € (120, 80)
' 80
i .
A 50
20 . 80
Lar 2ty
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id for various sections ar 7
9. The coordinates of the centroid e showp In thy
table given below _ e ¢ y
o 2 8072 576 %107
Rectange 1”"9;0%0 13232 =40
Aoco T | o+120+60 | 80+140+80 2% 1
Triangle % x120x60 | — 3 |7 3 ol
) x 10 .
DEC =3600 =50 2 12(()) b 2
80 4 x -
Quarter | =% 6 | 4042 = e ~9717 | Ly
3 N x 108 x 108 3.
poc | =-502655 | =73.95 =3395 0
.=8173.4 mx“i = Ay 2|0
: B 420 % 108|573, 38108 |
3. Centroid of shaded portion, (%, )
IA; T OIA
_ ‘(420 x10° 573.35 x 103)
8173.45 ° 8173.45
= (51.4,70.15)
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Centroid and Centre of Gravity

22
aectlon
TR ,L‘*m.q;i

Selechng the axis as shown in Fig. 2. 12.1 we can say dne to symmetry

centroid lies on Y-axis, i, x =0. .

.Now the given T-section may be divided into two rectangles A, and A,
each of size 100 x 20 mm and 20 x 100 mm. The centroid of A andAzare
G,(0, 10) and G,(0, 70) respectively. ‘

The distance of centroid from top is given by,
; _ 100 x 20 x 10 + 20 x 100 x 70
100 x 20 + 20 x 100

Hence, centroid of T-section is on the symmetric axis at a distance
40 mm from the top.

=40 mm

For the semi-annular area shown in Fig. 2.13.1,

términe the ratio of @ to b so that .‘7'=§b.

b1
|

a5

 [AETU 201516 O); Marks 10
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Centroid and Centre of Gravity

@+b’-ab]|_4 [ . 5- ab]
a+b | 3n a+b]
=_3
e (520

%’E-_-[Eu-—“—] i 55 (2180)

2-20C (CE-Sem-3)

.

£

-Are a0of semjgircle ),

A=A‘—7A2 ,
L7 T (a,z—bz) ' jid

centroid will lie on Y-axis.

3. Net areaof strip;

4. Due to symmetry,

For semicircle (1),
o .
. 3n ' :T‘ v a3 7
Fomperiiirele G, 4 1 = 1. Consider the area shown in Fig. 2.14.1(a). dA is an elemental ‘area with
Y = 3n : i’;; coordinates as x and y. The term Zy]' dA, is called moment of inertia of
5. Then centroid of strip, : ) o the area about X axis and is denoted as Iy, Similarly, the moment of
A5-47 b inertia about y axis is .
y = el B e A A \V\ﬂ—
A -4 Bl = 2yl dA,

2. Ingeneral,ifris the distance of elemental area dA from the axis AB
[Fig. 2.14.1()], the sum of the terms £r2 dA to cover the entire area is
called moment of mertla of the area about the axstB

6. On puttmg the values of ALAy N and y,, we have
na®  4a nb*  4b LA

Rl i s ", . _.
T (a* — b
5 Z(a*-b) . =
y= ___2 Sz Sn | 4:(@\b) gy : (a)
T ot b 3r (@® -b") . ]
2 - { 3 Though moment of inertia of plane area is a purely mathematical term,
1 = it is one of the important properties of areas. The strength of members
Rl M] ) o subject to bending depends on the t of inertia of its cross-sectional
3n (@a-b)(a+b) area.
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T since { N
4 Themoment o' lying the square of the dj Citigg; )
obtained by multip areay theed the distance, Henl;a N

unipaS m- :

Polar moment of inertia? and

Radius of gyration.

i ) ‘.l';;)lar Moment of Inertia : .
1 Ifanelemental area dA is at a distance r from origin ofthe .
axes then its polar moment of inertia is given by, ;

Jo= [rldA S e
where, Jo = Polar moment of inertia of the ares
& respect to the pole O.
2 As r2=a+y?
Hence, o= [P +yP)dA=[ dA+[2*da
Jo=ILp+Iy
where
Fig. 2.15.13] A0
8. Inotherwords we can say that polar moment of inertia of an areaist®
. ent of inertia of the area about Z-axis. g
ik ius of Gyraﬁon : Radius of ti is defined the distan®
which is w} 2 ‘gyration is defined as :
ine rti'al: f:’;’;ﬂ a:g:.ared and multiplied by area gives the momen?i
5
e I=k2A=>k=JZ g
3 : A ' ..
whe:r.e, <+, k= Radius of gyration, ‘ &
SELR cooI= M'Jment_(!finertia., and

+A = Cross-sectional area. : E
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Centroid and Centre of Gravity

tate and prove perpendicular axis theorem.

y w‘.{
Perpendicular Axis Theorem : )

The moment of inertia of an area about an axis perpendicular to its

plane (i.e., polar moment of inertia) at any point O is equal to the sum of

moment of inertia about any two mutually perpendicular axis through

the same point O and lying in the plane of the given area. <~ {

Proof : r

B.
1. Consider an elemental area dA at distance r from point O.
2. Let dA have coordinates x and y, then from the definition,

I, = Tr%dA . ,
"= T2 + y)dA = Tx2dA + Ty?dA (-

i O

Ip=Igy+1yy .
is also called polar moment of inertia.
Y4 o

Izz

arallel Axis Theorem : ey 3 L
According to this theorem, moment of inertia about any axs in the
plane of an area (or lamina) is equal to the sum of moment of inertia
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Centroid and Centre of Gravity

;dal axis and the product of are,
about @ psrnl 1cenh'°‘ two parallel axes. >
distance >

ang

According definition,
2 Ito-I +AR? i Rectangle'
heline AB,
Is= Moment of inertia about t b
i AB _ Area of the plane figure, and N
}, — Distance between the axis AB and pa_ra]]e] “"’MH
axis GG \ ‘
B. f: - PR : Y |
1 Letusconsideran elemental parallel strip dA at %’ dlstanceﬁ‘am
Lp=3y+h?dA
= Sy dA+52yhdA+ T A dA
2. Here 1“ term Zy?dA is the moment of inertia about GG axis. f
Io=Ty%dA .
3. The 2“" term, %
SoyhdA = 2hSydA e ; ;
TydA e 2. Consider an elemental strip of w1dt.h dy at a distance y from the
= Ve A ! X-X axis. Moment of inertia of the elemental strip about the centroidal
SydA axis X-Xis,
4 Intheabove term 2hA is constant and 3;4 wthed;stanceofwﬁ dlxx=y*dA=yzbdy
from thereference axis G@G. Since GG is passing through cem:rmtlﬁDi T ok [ 3 In
hence Z’A‘iA is zero and the term $2yhdA is zero. X 1" - ' .
e 3 3 bd’
5. The39term - o @ &
: 4 b[m 22| " 12
Th?dA = h25dA =AR2 B &
6. Therefore, Lip=I,+AR? = _ Similarly, Iy = T
: 3. Now moment of inertia about base,
Ly =Iog+AR?
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Centroid and Centre of Gravity
a) 5.26C (CE-Sem-3)
= Tt b (EJ bH
L I = 36
bd®  bd® _bd’ bd"_bd® e e _ ' _
= T2‘+T— 12 + 4 3 1At f;:chbeane]ementalnngofradmsrandthmkneudr.
¥ - ng slamenty ar:éf, g:; zgfvf}:mrﬁig about‘ its axis or polar
i, e ; o i VAl t of in ;
i 'Ihafxgle Jemental strip at adistancey from the base AA", Lt ol 2 Now, ,Tto;?:e r:ia, : central
1 Cons}l::l:::s: of the strip and dA its area. Width of this Stﬂp is gi\'en X | mome! ,
the t! b 2
h=9) p = (1 - _3_')1, )
bl = T.x b= h
s

=y%b,dy

=y 1-2) bd;
y ( =y y
3. Moment of inertia of the triangle about AA’,

A h 3 g\
) IM.=Iby’(1—%de =_Ib(y2—%]dy Wl
[) 0 , e

3. By perpendicularan'stheorem,
p Iy =Ige+Iyy
4. Due to symmetry along X-X* and Y-Y" axes we have
Lo = Iyy ‘
1.
Tor=lr= 75

P

oo
o4

.19, | Find the moment of inertiaof a semicircle and q

=Y

4. By parallel axis theorem,

IAA'= o+ Ay?

Loe=Ly-ay2 i. Moment of Inertia of a Semicircle :
bh 1 r\? W9 a. About Diametral Axis : e e
=~——bh(—) (vy= 1 If the limi A & "o, A t 0tori of in
12 : e limit of integration is put as 0 to = instead o 2 the.
3 iy derivation for the moment of inertia ofa .cu'cle about diametral axis the. .
o _bn moment of inertia of a semicircle is obtained.
12 18
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be pserved that the moment of inertia of a semicirclg (Fig, 5
o . : > (Fig,
Im the diametral 8X18 15.‘ ;

al 1 nd'_md_

Iw=3"6s 128
1

for

’ "2 '——4

Fig 21005
b. About Centroidal Axis X-X: G-

1 Now,thedistance of centroidal axis y, from the diametral axigjs gi;;\

by,
4R_2d
Ye= 3n " B fj{
2 2 i
Area,’A:-deL_=."i |
} 2 4 8
2., From parallel axis theorem,
L= xx*‘Ayez
‘mdt +£x(§)’
128 %" 8 \3n 1
'rrd‘ dl :
b= 128 180
= 0.00686 d*

i Moment of Inertia of a Quarter of a Circle : i
a.  About the Base :

1. /If the limit of integration is put as 0 to 72 instead of 0 to 2x in

derivation for moment of inerti o
of inertia of a ci i A
quarter of a circle is obtained. ircle, the moment of ine =
I

by
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‘B 4R
3

P
2. Itcanbeobserved that moment of inertia of the quarter of a circle about
the base AA'is,

S lxﬁ._"ﬂ‘
AT 47 64 256
b. About Centroidal Axis X-X: )
1. Now, the distance of centroidal axis y, from the base is given by,
_AR_2d :
:(y 3t 3rn
1 nd® nd?
Area, A= X0 16
9. From parallel axis theorem, .
Ly = In+Ay;
nd* nd? (2d)’
— Ixx =] =—
256 16 \3n
4 4
md' _ d° _ 000343 d*

o= 256 36
the procedure of finding the moment of inertia

of composite sections.

Moment of inertia of composite sections about an axis can be found by
the following steps: ) g

1. Divide the given figure into a number of simple figures.

2. Locate the centroid of each simple figure by inspection or using standard
expressions. « i

3. Find the moment of inertia of each simple figure about its centroidal
axis. Add the term Ay2, where A is the area of the simple figure andyis
the distance of the centroid of the simple figure from the reference axis.
This gives moment of inertia of the simple figure about thereference axis.

4. Sum up moments of inertia of all simple figures to get the moment of
inertia of the composite section. - ¥ :
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. Engineering Mechasics

t of inertia of the L secti
e pralel ot e, Al
1 sbout its centroidal axis & e legs. Also fiq

the polar mmnell‘ ° mel-—-|10 mm

T

o

A -
n
8 «
I T10mm

-85 mm->{ :
[Figl2 314

2-29¢C (CE-Sem.q,

|
|
|
|

ﬁx'ru 2016-17.(D), @ '

Polar moment of inertia.: =

e 2 A

1 The givensection isdivided into two rectang]es A, andA,.
Area, A, =125x10= 1250 mm?
Area,Az 75 x 10 = 750 mm?
Total Area = 2000 mm?

2. First, the centroid of the given section is to be located. Two reference :

axis (1)41) and (2){2) are chosen as shown in Fig. 2.21.2.

ik v ’_ \

[Fig
3. ’l'be dls’tance ofeenl:rold from the axis (1)-(1)
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2-30 C (CE-Sem-3) Centroid and Centre of Gravity
_ _ Sum of moment of areas A,and 4, about (1{1) 2
e Total area
1250 x5 + 750(10 + '—lg-)
x= ——-—~§—0——2—— 20. 94 mm
4. Smﬂa.rly, the distance of the centroid from the axis (2)42),
1250 x 122 1 750 x5 |
| A |
y 2000 40.94 mm

5. With respect to the centroidal axis X-X and Y-Y, the centroid of
A,is G,(15.94,21. 56) and that of A, is G, (26.56, 35.94).
Iy = Moment of inertia of A, about X-X axis #Moment of inertia
of A, about X-X axis

L= &’%25—}1250”156& L;;£+750x35.942

ie., I =3183658.9 mm*
6. Similarly,

3 3
- 125;210 + 1550« 15.9q, 10X T8

Iy = 1208658.9 mm*
7. Polar moment of inertia, I, =1, +Iwv e
= 3183658.9 + 1208658.9 143
1,,= 4392317.8 mm* "

+750x 26562

Que 2992 | Determine the areamoment of inertia of the composite

hedsiintin

area ABOC about given X and Y axes.

[0
[AKTU 201314 (D, Marks 10] -
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1. Forquarter circle OAB:
i Moment of inertia about X-axis,

R
o= 280 159043.13 mum
16 16
i. Moment of inertia about Y-axis,
4
o= 200 _ 15004318 mmé
16 16 . .

2. For square AOCD:
i Moment of inertia about, centroidal X-axis,
b (30)
‘ e === 67500 mmf
. Moment of inertia about X-axis,

2
_—

A 2
= 67500 + (30)2 x (ﬂ) = 270000 mm*

s i 2
i Moment ofinertia about centroidal Y-axis,
.= 60
6T 127 12

= 67500 mm*
- iv. Momentofinertia about Y-axis,

2
= 270000 mm*

T e 30)* . (30)"
Al A () 67500+ 807 x|

Title of PDF Document

RS NS MG P b e e e

RSP IRCRIPESS NN

|

2.32C (CE-Sem-3) " Centroid and Centre of Gravity '

3. Forquarter circle DAC: ; )
" i Moment ofinertia about centroidal X-axis, .
I = 0.055R* = 0.055 (30)* = 44550 mam’
i Moment of inertia about X-axis, =

L= L + Ah?
R < & 4R 4x30 ! 2
=30- —=30-—— =17.27mm
Here h =30 o 30 3 C

Ty = 44550 + 5307 x (17.27°
= 255372.55 mm*
i Moment ofinertia about centroidal Y-axis,

Iy = 0.055R*=0.055 (30)* = 44550 mm*
iv. Moment of inertia about Y-axis,
Iyy=Iys+ AR? ]
4R 4x30
=30- —=30-———— =17.27Tmm
Here, h=30 5o 30 o

Iy= 44550 + 7 (30 x (17277
= 255372.55 mm*
4. Moment of inertia of the composite area
" i AboutX-axis, Iy = Uxoan + Uxpaocn — Lxddpac
= 159043.13 + 270000 — 255372.55
Iy = 173670.58 mm*
i About Y-axis, Iyy= Uyy)oan+ Tyyaoco— Uyypac
= 159043.13 + 270000 — 255372.55
Iyy= 173670.58 mm*
sind the moment of inertia of the section ghown in

130 about X-axis.

:

8

A

L.
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v's consider ahonzontal strip of small th,
E E;x axis, as shown in Fig. 2.23.2,

M“&v_
ckness gy o d

oy
angy,
2. Theareaofthestripis,
’ dA =xdy
3. Themoment of inertia about the X-axis,
dl = y?dA
{ 4 Weknowthat, . y=23=x= 418
‘ ‘So; S dlg =y dy,
‘; - : dly = y2 413 dy (2231)

5. Integrating the eq . (2.23.1) within the limits 0 to 8, weget ~~ |

(7/3)+1
Ig= ["yrgy=| ¥ "
% 7" [(7/3)+1

k. Jpe
Ix= 15®

‘ : Lix=307.2 m*

m'hmmh&u'lr.laboutXandYans.

Title of PDF Document

- | Determine the area moment of inertia of the “mpmm

CE-Sem-.
2-34C ( em-3) Centroid and Centre of Gravity
Y. T |
T 20mm
30 mm !
20 mm
| ; i
y X
10 mm
i3

. ToFind : Area moment of i mertxa

1. The given area can be obtained by subt; scting & quartie T
triangle from a rectangle. ¢ ocHRE & quarter cirdle end &
2. Areamoment of inertia of rectangle OEBF'
i About X-axis,
(Ixx)OEBF— 5 bh3 == x 30 x (40)3 = 6. 4 x 10° mm*
ii.  About Y-axis,
1
TyyYoppr= = b3h = § % (30)® x 40 = 3.6 x 10° mm*
3.

Moment of inertia of tnangle ABF:

i Moment ofinertia of right angled triangle ABF about its centroidal
axisalong X,

Lyx, =
il.  About X-axis,
U pamr = Ly x, + Ady

& —xaoxuo)’ =833.33 mm*
36 36 s

A=AreaofA= 1 bh= 1 x
2 2
dy, = 36.67mm
- Uy) panr = 833.33 + 150 x (36.67)2

(L) aagr = 2-0254 x 105 mm?*
iii About Y-axis,

30 x 10 = 150 mm?

R 3 3
Uy)pe= BE L 10%30)

=0.225 x 10° mm*
12 12
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Centroid and Centre of Gravity

Engineeriné Mecha2' : y  9-36C (CESem)
141

25. | Determine the moment of inertia about X-X and Y-Y axis
¢ section as shown

in Fig. 2:25.1-

20 cm

-l

30 mm
- o | S
0 v je—>{E | == :Fig.2.25.1. =
10mm b 4R/3x ' ! .1/ To Find : Moment of inertia about X-3 5
@ﬁ?“_ﬁ 1. Since the section is divided into three rectangles as shown in -
4 Moment of inertia of quarter circle CDE : | Fig. 2.27.2. ,
i  Moment ofinertia about X-axis, ; | A, =20x5=100 cm’

‘ A,=15x5="75cm?
R4 1!(20)‘ " Az=30x5=150 cm?

Undeny = 3o~ = g, = OLaRy 10° s Total Area, A= A, + A, + A, = 325 cm?

2. Due tosymmetry, centroid lies on axis Y-Y. The bottom fiber 1-1 may be

i Moment of inertia about centroidal axis, Y,Y, chosen as reference axis to locate the centroid.

(Tyy) = 0.055 R4 = 0.055 (20)4 = 8800 mm* | Y
ii. Nowmoment of inertia about Y-axis using parallel axis theorﬂ?; | f«20 cm
S T 2"] ’ | A G Foem
Tyyepg = Ly,y, +Ady, =8800 + 0 n(20)? | 30-—7) 1 4G RA
. 1
! .= le+—5
(Iyy)epe = 1.542 x 105 mm* - A2 - 15
5 N g, ! | P . =
: W moment of inertia for the given area, i X X
b About Xazig) Iy = (Urdomnr ~ Ugdne — Tdone ( i \ 1096 cm -
= 6.4x105-2.0254 x 10503142 10° Aq Gy 5 em '
Fitin = y
= 4.0604 x 105 mm* { e
. | 1 30 cm
L AboutY.axi = %
W ¥axis, I, Uyposp—Uypapr— Tyycoe 5 . ¥
=3.6x 1050225 x 105 1.542x 10 ,5 Fig.2.25.2)
= 1.833 x 105 mm* P
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nBi“eerin.g Mechanics 2-87C (CE,,

E l Se'!l‘a) 1
ce of the centrold from 11, '

3, Thedistan

¥

Sumof ts of the areasof the TECtangles about
y= = Total area of section

axisl‘l"’
. W 10.96 cm
= 325
ference to the centroidal axis X-X and Y-Y, the ent
b Hesangle,is G,(00, 1154), that oA, 3 G, 0.0, 15 ang thatf,‘;f
G,(0.0,-846). |

20 x5° o), (Bxi8° 2)
5. Ig= ( 7 +100x1154) [ 12 + 75 x 1.54 ;
' 30 x5 '
NTT T +( 5 +150><(-346):\J’I
[ i
LT
]xx = 26157.8533 cm“. f 1
1 __5><203+15><5“4_5><30a |
6. YT g 12 12
Iy = 14739.5833 cm*

_ F'ART-S

Sphere, Haok

CONCEPT OUTLINE

Mass Moment of Inertia : Mass moment of inertia of a body about

an axis is defined as the sum total of product of its element masses and
square of their distance from the axis.

Questions-Answers

Title of PDF Document

4-38C (CE-Sepr3)

Centroid and Centre of Gravity £

F“Consxder an elemental area’'r d8 dr and thickness dr as shown m ¥

Fig. 2.26.1.

Mass of the element, dm = pr'd0drt=ptrdodr
where, p = Density of the circular plate.
t= Thlckness of the plate

Its distance from X axis =r sin @

2. Now, Lo = $(rsin 07 dm
R2;
_ IIr sin® 6 ptrdodr
00

2x

" Pth"'s( _“’Szejdrde
00

2%

2 stB &8
= pt dr=pt|—x2ndr
pI [ | p!z
7" nR*
= ptn|—| = pt —
p"[4]n "

MR?
4

MR*

Iy= =

Thisisthe subtitle of PDF, Use long text here.
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1 - . e, {
ActuallyI = Kf— is the mot‘nent 9f inertia of circular plate aboyt .
diametral axis in the plate.
4. Tofind lzz,'consider the same element,

2n

Izz= @r‘ d>m=:i,‘!;r2 ptrdrde

R . R "
= pt[r’[Ol:' dr =pt127u' dr

[

o

[l AT ! ia
pt 21{—] = pt2n——=pt =~
5. Buttotalmass, M = ptnR? i
| e
I,,=

. 1a off
16 2.27. | Derive an expression for mass moment of inert}? )
. v . jdal ax
solid cylinder about its longitudinal axis and its centroidal

er - 5 i
Let us consider a solid cylinder of base radius R, length L and {
mass density p.

Title of PDF Document
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Centroid and Centre of Gravity

ToTo= 22

Longitudinal Axis :

Inthe Fig. 2.27.1, Z-axis which passes from the centroid of the cylinder
and is along the length of cylinder is termed as longitudinal axis of
cylinder.

Now consider a solid circular disc of infinitesimal thickness dz
perpendicular to Z-axis of a distance z from the origin.

Mass of the infinitesimal disc, dm = pr R2dz

4ss Moment of Inertia about

R?
Mass moment of inertia about the Z-axis, dI,,, = dm -

R? R? R!
Now, dlzz,=dm7=an2dzT-—;pn?dz

Li2 4 i

nR R
fdizz = [ B5—de = BEtelttl,

iz 2 2

4
I,=0"R

7M = Mass of the solid cylinder.

ss Moment of Inertia about Centroidal Axes :

Mass moment of inertia of the solid circular disc about an axis (e, XX
or Y-Y axis) lying on its plane is,

R2
dlyy.=dm =

{ M=pn R’L}

H

Now using parallel axis theorem, we have

N -~

R? :
dlLy = de,x,+zzdm‘=dm = +22dm

L2 2 LI2
fdl = | Rz R+ | prr*dz
-LI2 4 -L/2
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X 3 :
- SR
3. ' Asthe cyliﬁ-dé;‘i:s syl;lméf'i"icﬁl‘aboﬁﬁX-Z .

e 355.] Find the mass moment of inertia of a hollow cyﬁnd"'

utits \bout its axis. The mass of cylmder is 5 kg, inner radius 10 et “t"
[ARTU. 2012-13.Marks 0 ] :

" jus 15 cm and height 20 cm.

1

Mass moment of inertia of hollow cylmder about longxtudma] axis m
given by, g - S
=Y R~ : [(0.15)2+(o.1)2,1 4

I,,=0.08125 kg-m? -
2. Mass moment of inertia of hollow cylmder about its centtoldal a{ﬂ

g:venby, Fesxf, inaninacy S
{3t PE Y M X §
=Ty = 35 BR2+R+LA
L % % [3(0.16)2 + 3(0.1)% + (0.2
i = 0.05729 kg-m? ~ 0.0573 kg-m” 2.
i QmQM§ Calculat the mass mc m ‘ofmertmofthecylmde‘;:: 5
I: - “’o'smohﬂghtlmand denslty2400 kg/m® about the cent.rol .

{ ’ msFlg,z,zgl f.\ £

Title of PDF Document

2-42C (CE-Sem-3)

i Consider an element of ﬂnckness dy and radius r at distance y from the
"~ apexA. - .

Centroid and Centre of Gravity

e

We know that, I,= %M(3R2+L2)
- % prR2L (3R + L) . M= prRL)
= % x 2400 x 1t x 0.5% x 1_x(3x0.52+lé)
= 549.78 kg-m?

0-] Determine the mass moment of inertia of a right circular

sohd cone of base radxus R and height k about the axis of rotation.

[AKTU 2013:14 (D, Marks 10 |

Consider a solid cone of height k and radius R. If pis the density of the
material of the cone, then 3
Mass of the cone, M = Density x Volume )

M= PXg m:th

Mass of the elemental strip, dm = pr? dy fi
Mass moment of inertia of the elemental strip ‘about axis YY..
= (1/2) x Mass moment of inertia about polar axis |~

o

<
)
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; Mkt

Y
- [Fig 280,10

5. Since the integrationisto be done with respect toy within the limits 0 to

. h. !
In triangles ADE and ABC

%=%’ r=Rx—

9 i _ prRh
5, 10
3 r2
10 #
ion for mass

2-44 C (CE-Sem-3)

Centroid and Centre of Gravity

Mass of the sphere, M = Density x Volume

M=px % nR® .
YW ’ Iz?_:j:MRL
; a - <
y A |<— Izz: I!)(*'uﬂ
I R Iq_?— :IXK "‘Ixx
x- ol x‘ T 22
B ] I(Is:; I;";L
Yy = Ixxi Z
mmm =

centre.

Let us focus on a thin disc AB of thickness dx at radius x from the

( M= %npR’h)

t of inertia of 8

[AKTU 2015-16 (1); Marks 10]

. | of the n:gaterial of thg sphere, then

Title of PDF Document
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phere of radius R with O as centre. If p is the density

Radius of thedise, y = [g2_,2

Mass of thedise, dm =pxny*dx=pn(R2—x?) dx

Mass moment of inertia of this elementary disc about the polar axis ZZ’
=y*dm = pn(R? - dx x (R2—2?)
=pn(R2-x??dx=pn(R*+x*-2R?x?) dx

The mass moment of inertia of the whole sphere can be worked out by

integrating the above expression between the limits —R to R.

. Mass moment of inertia of the sphere about polar axis Z-Z’,

Iy=pn [ (R +x* ~2R%)ds

5 3
X 2 X’
Iy=px [R‘x+—5 -2R* L

16pnR® 4
= —— =— MR
12—’- 15 5

According to perpendicular axis theorem, the mass moment of inertia of *
a solid sphere about X-X' or Y-Y" axis is,
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2-45C (CE-Sg,
- m.3)
; s o Mechanics
Englneenng

ino the mass moment of inertia of unif,
ermi T

Q&m I Det: n about its centroidal axes.

here of rad:us 6e .
@ density sphere °1 . [ARTUZ0B14 00, Mariiaty)
o] . o MG, Oy i

A >l. Assume U umfonn dens;lty ofsohd Sphere isp. SO mass of snhere
S g - M= va PXg 4 R pXEXnXS“

=523.6 pkg
2 Mass moment of inertia about centroidal axis in terms of mass M,

r I 2 2
=T =-zz _Z MR
Ire D2 D

£l

ENEE

= 2 x5236px(5)2 5236 p cm*

000
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al members riveted or welq d
; made up of sever $
o 1 A structuré

: TuSS. . L
ogether is Know® ::) l:e“ ¢ the structure are hinged or pin-joineq,

Frame : If the m :
then t:e structure i known as frame

Following are the different types of frames :

\/ Perfect Frame: : ¢ )
1 The framewhichiscomposed of such members, which are just sufficient
to keep the frame in equilibrium, when the frame is supporting an

external load is known as perfect frame.

\/3 For a perfect frame, the number of j(;ints and number of members are

given by,
: n=2-3
where, n = Number of members.
. J = Number of joints.
j” Imperfect Frame :

than (2j-3).

&amejs known as deficient frame.

frame is known as redundant frame.

t e
write down the assumptions made in the analysis of frame.

Title of PDF Document

A frame in which number of members and number of joints are not
given by n = 9 — 3 is known as imperfect frame. This means that
number of members in an imperfect frame will be either more or less

" I the number of members in a frame are less than (2j — 3), then the

Ifthe number of members in a frame are more than (2j - 3), thea tb®

| What do you understand by the analysis of frame Al ;

R i ST 0N

.Engineering Mechanics - 3-3 C (CE-Sem-3)

a. wa]ysis of a Frame :
}/::aly_sis of a frame consists of :
A eterminations of the reactions at the supports.

57" Determinations of the axial forces in the members of the frame.

/g{' The reactions are determined by the condition that the applied loz_id
system and the induced reactions at the supports form a system in
equilibrium. : .

7~ The forces in the members of the frame are determined by the condition
that every joint should be in equilibrium and so, the forces acting at
every joint should form a system in equilibrium.

b. Assumptions made in the Analysis of Frame : Qhtor ‘:crce 4‘; Nevey”

7" The frame should be perfect. Ff M od
/ The frame carries load at the joints.

/3(‘ All the members are pin-joined and joints are smooth.
PO e e

Write down the equations for the equilibrium of a body
in three dimension.

{Answe

IREEGAS

/ T_here are six equations expressing the equilibrium of a body in three
dimensions. These are :

Sumofforces:ZF,=0,2F’=0andEF'=0
i Sumofmoments:WX=O,ZM,=OandZM =0

> above s1x e i ved In nts (Vi
2 I.he bo quations can be resolved into compone:
' PO! ts to solve the

i

Thisisthe subtitle of PDF, Use long text here.
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ik

&ue 84"

analysis. :

§A“swe. » d of sections is as follog;;; .

i edure of method of sect10; - ‘
SPrtg:) 1: The truss s split into two parts by passing an ‘M
Step2:The unagmary section has to be such that it doss Mt o o,

than three members in which the forces are to be determy, el lnul.e :

" Step3' The conditions of equilibrium ¥F_=0, 2F, =0, an
applied for one part of the truss and the unkmwn forces
is determined: - - S
Step4: While consxdenng ethbnum the nature of
member is chosen arbitrarily to be tensile or compressive,
i If the magnitude of a particular force comes out
assumption inrespect of its direction is correct.

ii. However, if the magnitude of the force comes out to be

hv
the actual direction of the force is opposne to that what hasm )

assumed.

Que 3.5 ~| A truss of 12 m span is loaded as shown in F]g. 351,

Bocw (g

of sections.

: Gwen'bength of truss = 12; m, an.a 5.1
& OFlnd ForeesmmembersDG DF andE
1 IntnangleAEC, AC = AE cos 30°
=4x0.866=3.464 m
Now length, AD=2xAC=2x3.464 = 6.928 m
- Ryx12=2xAC+1xAD+1xAE
= 2% 3.464 + 1 x 6.928 + 1 x 4 = 1785

Ry= Y1856 4 oy
12

Title of PDF Document

In the membe :
force in any‘

Positive, thg :

Determine the forces in the members DG, DF and EF, usmgmethod

lNow taking the moments about A, we get S \ ]

3 5C (CE-Sem-3)

Now draw the section line (1-1), passing th.foﬁéh members DG, DF and
EF in which the forces are to be determined. Consider the equilibrium
of the right part of the truss. This part is shown in Fig. 3.5.2.

Taking moments of all forces acting on right part about point F, we get

©)

7
4

D, ,'
\\ /
\\ 7

A FD

Fpe
G

" E £ 30° \B
) Fpp F 149kN4

Ry

g5z
Ryx4+F  xFG=0

149 x4+ F x (4 x 5in 30°) = 0 (+ FG =4 x'sin 30°)
P —l49x4 :
7 Lxsingos - 298N

No ) F,.=298kN (Compressiv: ve)
w akmg the moments about point D, we get
R, x BD cos 30° = Fz % BD sin 30°
R, x cos 30° = Fp, x sin 30°

1.49 x cos 30°
F.= _149x0.866

= 2.58 kN (Tensile)

Thisisthe subtitle of PDF, Use long text here.
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3-6C (CE-Sem) 2 Analyg,
- ts of all forces acting on the right
7. Nowtaking the momerE 0 Fert by
P“m;‘ B,:v;eg:pen dicular distance between Fy;, and B = 0
]

. F,, = 0( Perpendicular distance between Fi, and B cannot b ) |
. Fp i

Que
e

didimec
shown in Fig. 3.6.1.
G
1000 N b
E
Fsc  Fre
B dm
- 5

3
6=—=06
cos 5

and ) sin@= = = 0.8
2. Draw the FBD of the portion above section 1 — 1(Fig. 3.6.2)-
3. Consider the equilibrium of the FBD of the drawn portion,
IM.=0 ‘
~Fpex441000x3=0
Fyo=150N

Title of PDF Document
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3.6.%| Find forces in the members EC, FC and FD of the trug, |

' 3-7C (CE-Sem-3)

1000N

Fgc Frp

Fig. 3.6.2]
* Consider the condition of equilibrium at point F,
T, =0
Fc sin 6 = 1000
Fp % 0.8 = 1000
A Fpo=1250N
and Wy =0

Fpo+Fpp+ Fpocos0=0
750 + Fp, + 1250 x 0.6 = 0
Fpp=-1500N

'#p 1S opposite to our assumed direction hence it is
nature.

So, direction of,
compressive j

Simple Trisses by Method of Joints.

o D tbets

Procedure of method of joints is as follows :

Step1: Determine the inclinations of all inclined members.
Step2:
1

Look for a joint at which there are only two unknowns.

If such a joint is not available, determine the reactions at the

supports, and then at the supports these unknowns may reduce to
only two.

2,

LG o | ST TR S G Wt W € Vol S R W iy G s
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sscgpsemd |
Step$: ations of equilibrium for the forces Meet;
1 N°&"h,e:::§;wt:viquunknown forces. Hence, the unknowy, f‘“'l::i ;
at the )0 B . .
mined. e

can be deter - o of unknown fox:ce is'opposite, the

o Ifthe assun:ive Then reverse the direction and proceed,

% e 8

e nthiagl‘am of the truss, mark arrows on the members p,,
Step4:0n ;l;sed to indicate the forces on the joint. At the other engd

Valy

Lhejlzi:t:ea:rmws in the reverse direction. !
mar] 5 : Look for the next joint where there are only two s
::tre:s a;!d analyse that joint. : unkn, |
Step 6 : Repeat steps 4 and 5till forces in all the members are foung
pb: 3 . E
StepT: . N .
1 pDeuermine the nature of forces in each member and tabulgte X
9 Notethatifthe arrowmarksona member are towards each other, |
then the memberis in tensionand if the arrow marks are away fro
each other, the member is in compression as shownin Fig. 371

Tension

Compression

1

= ﬁsing method of joint determine the forces in each
rof the truss shown in Fig. 3.8.1.

[AKTU 2013-14, (IT) Marks 10|

} ; _ 7 {5

. L]
B (o]
|3m 4m . —»r-3m-—>|

10000N . 6000N

D
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: EF . _EF 4. 4
AAFE, tan@==< . SEEO 4 . %

Bo Fpameosss AF ABYBF 3+2 5
' 0 = 38.66> :

9. InABEF, ¢ ta.n¢=H_4 .

IF=0

Ry + Ry = 10000 + 6000 = 16000 N .(38.1)

4m
Py alli ¢ ¢ )
/1:// B F v N
3m—>‘<— 4m
Rp

-
3m
Ry 10000 N 6000 N _-1

Fig 182
et
3. Taking moment about A, IM, =0
10000 x 3 + 6000 x 7—R;, x 10 =0
_ 72000
™ 10
From eq. (3.8.1), we have
. R, =8800N
5. Considering equilibrium of joint A,

=T200 N
4.

Fyg

38.66°
A

—F,
*8800 N s

F 5 cos 38.66° + Fii’: o0
: )
F 4z sin 38.66° + 8800 = 0
- F,g =-14086.81 N(Compressive)
From eq, (3.8.2), we get

.(3.8.2)

Fyp=—F,g cos38.66° = 10999.92 ~ 11000 N (Tensile)

ol
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et aum of joint D ‘ . ’ :
A equﬂlb““mo 5
6. Considering F, :
D
Foc $az00
[Fig:384.
IF, = =0

- Fpgsin 38.66" + 72‘00  _11525. 57N (Compresswe)

5F, = o

[Figis o1
6° + F, . ] N v
Fp cos 38 6 D;C = -F 'pE €08 38. 66° | : N . . LAKTU:2014—15, TP 10’
F,..= 8999.934~9000 N (Tensile) -
7. Considering ethhnum ofjoint B, we have
. IF, =0 .
Fye ~|-FB,g cos 63.43° - FBA =0 1 e of
IF =0 ; i
Fggsin 63 43y =10000 - X ¥ 1. Consider the equilibrium of the entire frame,
FBE = 11180.82N (Tensile) , M, = 0
Fyo=—Fpgc0s63.43° + Fp, Rpx2-1735 x 2 cos 30°=0
= 5998.92 N (Tensile) , R;=63653N

: ‘ H,=-R,=—-63653N
F g 5in 63.43° = 6000 ' H, = -636.53N

IF, =0

.“ | Fog = 67085 N (Tensile) ’

Title of PDF Document
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/ R,-135=0

RA='735N

9. Considering equilibrium ofjoint A,

/ R,=T35N
| :
, e

. ! o ‘ 5m _|500N e
.H,=-eae-5wFN | D
o Fy ’ t | .‘

[AETU 2015716, Marks 10]
e
ZFy =0
Fy+F,cos 60“; 735 (391]
3F, =0
—636.53+Flsin50°=0 ’ !
= 88653 _ 735 N (Tensile) ] Ry +Ry= 500N =101
3. Fromeq.(3.9.1), we get
F3="T35-F; cos 60°
 ="735-135cos 60° Ve :
" Fy=367.5N (Tensile) T i e =
4. Consxdenng equilibrium of j Jomt c, | R"’#:E 5m D I 500 N ”L?;
A= m - e
) 1
[Fgsea
i ; 2. Taking moment about A, ZM, =0 )
Re ) 500 x5=Rgx 12
Figi8ed] | Rp=20833N
IF, =0 : ‘ 3. From eq. (3.10.1), we get
R;-F,cos30°= 0 : l R, = 500-208.33=291.67N ‘
636.53 =F,co0s 30° ! i 4. Considering equilibrium of joint A, \
= 735N (Tensile) . . 1 X
] 7 oo i ;
‘; ' n::‘ 8'8 sliO::T:‘;e the forces in all the members for the pﬂ"
3 : € 3.10.1. Distance between A and C is 127 \

Title of PDF Document
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| =

‘ zF,=0
R +Fypsin30°= 0

x 5in 30°=0 ]
291.67+F,3 Fop= 583.34 N (Compressive)

3F, =0
FAD+FABc0560°=0

Fupt= 583.34) cos 30° =0

Fyp= 505.19 N (Tensile)

quilibrium of joint C,
Fep

5. Consideringthee

|| ToFind: Forces in all the members

TUs:

sF =0 o . . - 1. Consider the equilibrium of entire truss,
- SF,=0

Foptin 30 6 =0 ' q : Ry + Ry =20kN (311.1)
Fpx8in 30 +208.33 = 0 )
F,, = 416.66 N (Compressive)
XF’ =.0
Fep + Fepcos 30°=0
Fgp + (= 416.66) cos 30° =0
Fp, = 360.84 N (Tensile)
6. Considering the equilibrium of joint D,

F ]
2. Taking moment about A,
IM, =0
6Rp = 20 x AE ' .(8.11.2)
3 InAABD, /B=90°
Fpsin60°=500 i o singer= AB _AB
Fpp = 577.35 N (Tensile) ‘ AB= 64£n 30‘9 =3m
.. |
Deter_mme the forces in all members of the truss s 4 InAABE, ZE=9%0°
wn in Fig. 3.11.1 BE =3sin60°=2.6 m
1
- : .

Title of PDF Document
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3-16C (CE-Sem-3) ; : |

0= BE
tan 60°= ;
AE= ;EEcotGO" 26xcot60
AE=15m ;
have
5. Fromeq. (3.11.2), WZ_ e 15
6Rp=30
..Rg= 5kN
(3.11.1), we get .
6. Fromeq. RA= 0-R,
=20-5
=15kN
7. Consider the equﬂlbrmm atjoint A,

| EETIRIT1 8l
Fig3arsl

T-F.', =0

15+ F,5c0s30°=0

-15

1
= =—17.32kN =17.32kN ive) |
Fu preTTr (Compressive) |

IF =0 -
FMcos(iO +Fye=0
F,¢=—F4pcos 60° =—(—17.32) cos 60°

= 8.66 kN (Tensile)
8. Consxder the equilibrium at joint D,
Fap Rp
, o
30 D
Fpg .
g
):Fy =0
. 5+Fp,sin30°= o
Fyp=—5/sin 30°= 10 kN (Compressive)
IF =0
+Fppc0330°= g

Title of PDF Document

- Engineering Mechanics

3-17C{(CE-Sem-3)
8.66 kN (Tensile)

Fpe=10c0s30° =
9. Consider the equilibrium at joint B,

~ 20kN
IFig’3

IF, =0

FM~0

g.3.12.1 and md:cate the magnitude and natnre of forces on the
agram of the truss. All inclined members are at 60° to horizontal

and length of each memberis2m. [AKTU 201617, () Marks 10
40 kN 50 kN

4

- Given : Fig. 3.12.1 lengthofcachmember 2m FEEE
- -ToFind: Magmtude and nature of all the forcesmthemembexsof 5
Consider the eq\nllbnum of the entire frame,

IM, =0

R, x4 40x1-60x2-50x3=0
R,=T15kN
IF, =0
RA+77.5_=40'+60+50

Thisisthe subtitle of PDF, Use long text here.
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l?n umatlom"A’ ‘ 7
2 considerinseq‘“h 2o '

3-18C (CE-Sem-3) - Engineering Mechanics
: =725KN . .

<0 60° + R =0 i
Fypsin® *.74 725 _ _g3.716 kN (Compressive)
F AB= " gin 60°
3F, = =0 e
5 + (-83.716) cos 60 =0 : -
F _ 41.858 kN (Tensile) e B

60° !
. Eig:.'s.:‘:ﬂ: 2] 1
' {

4. ConsxdenngethbnumoatjomtD
IF, it

Fpesin 60°+ R,J =0
= _ﬂ_ =89.489 kN (Compressive) .=
D™ §in60° i
IF, =0 ’ : | 7.
Fpp + (~89.489) cos 60° =0
; FDE 44.745 kN (Tensile)

Fpc. _ |

Rp
. g2
5. Considering equilibnum at joint B,
=0
BE sin 60° +FAB 5in 60° + 40 =0

-(-72 .
Fpp= M =37.528 (Tensile)

3-19C (CE-S_ém.a)

F BC = 60.622 kN (Compresswe)
40kN’

Considering equilibrium at joint C
ZF =0

F g sin 60° + 50 +Fpsin60° =0
F. o =71.5-50
CE sin 60°
50 kN

=31.754 kN (Tensile)

Fig3IzE]

Now the forces in all the members are known. The results are shown on
the diagram of the truss in Fig. 3.12.6.

40 kN 50 kN

X 41.858 ‘E 44.745

60kN
Ry=T25kN RD=77.5kN

| g3z

sin 60°
IF =0
Fac' AB 08 60° + F, g €0s 60° = 0
Fpo= (— 83 716 - 37.528) 0. 5

Title of PDF Document
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3| Write a short note on zero force members.
" : ’
Zero f ':‘ce men.xbers are the members in which there is no force,
.i::r :nowing the members of zero forces, they can be eliminated while 4
z calculating the forces in the members. ‘ i
0 0 . o
F‘L>F ﬁ::»—' o F 4-44 F
| mesias

joi , at right angles and if

ber that joins two other collinear members, ai
% ﬁoT:;-; isla;ct:ing'l at that joint, then it will be a zero force member (member
with ‘L’, “T" and ‘Y” shapes).

T e

PART-6

imple Beams and Support Reactions. = = . 3

Ernonma

Follomilg are the different typés of beams :
i. - Cantilever Beam :

| Abeam which is fixed at one end and free at the other end is known 25
( cantilever beam (Fig. 3.14.1).

At the fixed end, there will be fixing moment. Also at the fixed eadr

there can be horizontal and vertical reactions, depending upon the tyP®
_of load acting on the beam. i ’

Title of PDF Document
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iv. Fixed Beam : A beam wl:bse b;th ends

3-21C (CE-Sem.3)

I : pported or festin freely on th
supports at its both ends is known as simply supported beaix (Fig.ys.14.2;.

0 0
Fig: 3142 Sixiply Sipported beas:]
Overhanging Beam : If the end portion of a beam

. is extended beyond
the support, such beam is known as overhanging beam (Fig: 3.14.3).
Simply supported . ’
portion Overhanging

portion
v

are fixed or built-in-walls, is
known as fixed beam (Fig. 3.14.4). A fixed beam is also known as a built-

in or encastre beam. At the fixed ends, there will be fixing moments and
reactions. >

A.Fixed beam.|

oo

- Continuous Beam : A beam wixich is provided more than two ;upports

as shown in Fig. 3.14.5, is known as continuous beam. -

Following are the various types of supports :

A

R e L T i e Ve
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or Knife Edge Support : A beam sy, Eog™ 5 .

rt e SUPPorteq . ;lt-in Support : 3 1 Fif8 P
gimple SUPPOT. 0. s own in Fig. 3.15.1. The reactiong gy 4 . the ixed or Built-l s
knife edges4 and Bis 't will be normal o the surface of t}? ang By v g‘g‘ 3.15.5, shows the end A of a beam, which is fixed. Hence the support
case of knife edge SUPP 3 beam_ " - Jnown as 2 fixed support.

Beam 'I'hA fixed support prevents the vertical movement and rotation of the
e

B S 2. Hence at the fixed support there can be horizontal reaction and
A @ be:tni‘c'al reaction. Also there will be fixing moment at the fixed end.
ve .

d A )
LS R - ‘

e Fig. 3.15.5.
[Fig: 31517 5 l_ﬁs ] 5

% i

<

a ort : A beam supported on the rollers at points A anq B ‘:‘
il g';]ifiilgg 3.15.2(c). The reaction in case of roller supports Wi]l;:
normal to the surface on which roller is placed as shown in Fig, 31591

*| what are the different types of loading ? Explain.

2y 2.3 R

—— i |
Eﬁ é E ]B Following are the different types of loading :
4 (a) ' 4 ;. Concentrated or Point Load :
“ l 1. Fig. 3.16.1 shows abeam AB, which is simply supported at the ends A
r | 7 andB.Aload Wis acting at the point C. Thisload is known as point load
T (or concentrated load). . - . )
Ra ®) By ; "'\ 9 Hence anyload acting at a point on a beam, is known as point load.
iii. Pin Joint (or Hinged) Support : A beam, which is hinged (or pin . l
joint) at point A, is shown in Fig. 3.15.3. The reaction at the hinged end Af - B
may be either vertical or inclined depending upon the type of loading. | . . R . I
i n = A = B <
& (S | 4 TR ACA

| il Uniformly Distributed Load: -

'I If a beam is loaded in such a way that each unit length of the beam
: caljries same intensity of the load, then that type of load is known as
smooth surface. The reaction will always act normal to the surppm‘t,ﬂ? g uniformly distributed load which s writtenas UDL.

=

iv. Smooth Surface Support : Fig, 3.15.4 shows a body in contact witha |

showninFig. 3154, © .. % Fig.3162shows abeamAB, which carries a uniformly distributed load.
: Body v laed
i i B
| A
i | Ry Rp
e [Figia63]
smodtn, Al e | 1L U.nif""‘ly Varying Load: o
surface A e f‘;f 3-{16.3 s_howsabeamAB,whichcarries’ loadinrsucha.waythat th.e
E@Fﬁ ) b rllE : © of loading on each unit length of the beam varies uniformly. This

¥Pe of load is known as uniformly varying load.
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s-340 @psen? al to the area of the load
15 equ: e area o! e loa .
Thetaallosd 0 ot s ofgravity of the load dingram d"‘g‘anx ngieerig Mechazics 3-25C (CE-Sem-3)
Joad &¢
el —H A g <0 R,=2+6=8kN
THTH , ie Tk : Taking moments about A,
iy z M, =0
A LB R \ M,(%x3x4x§>(3) 7—2X4.5=0
M =21kN-m
E‘*‘g 2}"9‘34: ' - » So, the reaction at A, R, =8 kN
. v e e ' Moment, M = 21 kN-m
t ons at A for the cantil TR
Ques.ﬂ. l Determme the reacti eVerbey = 18| Determine the reaction at support A and D in the

subjecud to the dnstnbuted and concentrated loads Fig. 3,17,/

. gtructure shown in Fig. 3.18.1. .
v i

2 kN L e
foa |
- A TG
|«——3m —>|<—1 5 m"l‘-l W
fAK'lZU'zo;;;;ls;mM.: =

Consider the FBD of the given beam for the section AB and consuier 1ts
equilibrium,

' 1. Consider the equilibrium of the beam, “ ¢ 80N
2F,,=0 1 A ; . B - ’ i
RA—§x3x4'-2=0 : | . ?‘_3“1'—’“__1“‘_“?
\ ! ‘ . 2kKN ‘ . Ry Ry
6’: B C D .l =0 5
. 3m—se—15mpielbm> RA+R =80KN .
) Epitzes Fove Ry Tﬂhngmomentaboum IM, =0
Fig8172] ‘ ; 80x3=4xR,
: : ‘ i Rp=60kN
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26 C (CE-Sem-3) Basic Structirg A

e L Engineering Mechanics 3-27C (CE-Sem-3)
R, = 80-Ry=80—60 =20 kN f —

3 ;onsider the FBD of the given beam for section BD anq cOnside, ;
" equilibrium, N
60 KN

1. Considering the equilibrium of the beam,

sz:O

Ry +Rp=10x24+40410x 2420

’ 5 EY Ry+R, = , '
| c b :; s+ Rg=1001N.. - ., (3.19.1)
B i 2. Now taking moment about B, we have
‘<—- 05 4m i .
) { IMy=0
R¢ R, ; -10x2x1+40x2+10x2x5-R x6+20x8=0
Figaisal v | : )
s b eaius  [FIEENES] S| R, =5333kN
ZF, o ; 5 ' 3. Frofn eq. (3.19.1), we get
R, = —R.=
Ro+Rp=60kN p = 100-R;=100-53.33
4. Taking moment about D, we have i Ryp=4667kN
?‘MD =0 Que 320. | Calculate the support reactions in the given cantilever
R;x4=60x45 beam as shown in Fig. 3.20.1. :
. Ry=6T5kN
Ry=60-R;=60—67.5=—T5kN 40 kN/m 20kN
Here negative sign means that reaction will at C in downward direction i/mm 50 kNm
e ~ 3 A B
Que 3.19. | Determine the reactions at B and E of the beam, loaded a}_; A ; ,
as shown in Fig. 3.19.1 below. AT
Fig. 3.20.1,
40kN 20kN T
10kN/m 10 kN/m
1 < [AKTU 2015-16, (D Marks 10]
| — ] .
A B C D EX F
l‘im 2m __ 2m ;_ 2m |_ 2m _
] s -
Rp [Fig.319.1. Rg ' s

: AKTU 2016-17, G Marks 1! L
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Considering the equilibrium of the beam,
ZFy =0

1
RA‘E x3x40-20=0

R,=80kN
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2. Tnldnsmomentﬂm“tpomtA"mA:o : G e
MA_%x3x40x§.¥3—,5°‘.2°"5=° ' ; g
M, = 120450 +100 :: -
M, = 2T0KN-m o Review of Particle
soskN P 20 kN ! B Dynatnics

B pigsees 5
©0O v 1“ ; z g -Rectilinear Motion- ;-
E oy - . Sx
{ ] »Plane Curvxlmear Motlon
i . (Rectangular, Path and Polar
3 ; Coordmates)
| ;
‘ : . Work, Kinetic Energy, Power
o Potentml Enetgy :
4-1C (CE-Sem-3)
A
. —
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Review of Particle

Dynag,

CONCEPT OUTLINE

: .5 of Particle : The study of m9t_ion of a particlq ;
fnyo"ﬁ%;’amics of particle. It s further divided into Kinemgg."
and kinetics. = == ,
Rectilinear Motion : The motion of the body along a strajgy,
line is called rectilinear motion. It is also known ag ofie:
dimensional motion.

o

N T R e
g-Answers

dMediﬂ‘m Answer TYP(; Ques t

pars

motion of a particle 7

What are the parameters used for defining the rectilinear

OR

Define the following terms : .
i. Displacement. '

ii. Velocity.

iii. Acceleration.

i

Following are the parameters used for defining the rectilinear motion:
Displacement : It is defined as the change in position of the p.artide
during given interval of time. The displacement is a vector qua!}tlty and
it is dependent only on the initial and final position of the particle.

 Velocity : Velocity of a particle can be defined as the rate of chang® “f'
displacement with time.

Mathematica].ly; v= %

. f
Acceleration : Acceleration of a particle can be defined as the rate®

change of the velocity with time.

Mathematically, dv

a= —

Title of PDF Document
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Engineering Mechanics - 4-3C (CE-Sem.3)

{

g The equation of motion of a body movin,

s . g in a straight lin
derived by integration as given below : g 4 e may be

i, Derivationof s =ut+ _;_ AT Rt

1. Letabody is moving with a uniform acceleration a.

We know that,
LS _or i(;‘i) 2
dr dr\dr) %
ds
o(%) -
or & a df 5
3. Integrating the above equation, '
ds ds
Id(E) = Ia dt or e at+C, T .42

where, C, = Constant of integration.

4. But % = Velocity at any instant.

When ¢ = 0, the velocity is known as initial velocity which is represented
by u. ; ¢ o
A5 ds o8 H
& At,t=0, @ = Initial velocity = u
5.  Substituting these values in eq. (4.2.1), we get
u=ax0+C,

C,=u AR
Substituting the value of C, in eq. (4.2.1), we get
' ds 0
as _ at+ ~(422)
dt ¥ & 4ont 5a0E B4 -

6. Now, integrating eq. (4.2.2), we get
. 2 " ; )
s= % +ut+C, 5 ...(4i.2.‘3)‘ .
where, C, = Another constant of integration. =/ oot ;
7. When ¢ = 0, then s = 0. Substituting these values in eq. (4.2.3), we get
» i 3y y X '] 13553 i 3 - Az 1 "’ ug s
0=\% xI0+ux0+C,

c,=0
8. Substituting this value of C, in eq. (4.2.3), we get
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Review of Partic]e Dynami
Cy

1
. 's=ld+ -2-0"

af:
. Derivation ofv=ut
llh mmv:q. (42.2), webave

g ds

Z zatt+u (4,

Z 24)

; ds
g But 5 TepresT
iskmwnasﬁnal
fiamrﬁme‘t’d'iml"'e]“ity:"
dt
3. Substituting

velocity, which is represented by v.

the value of % =vineq. (4.2.4), we get
v=u+at

i Derivationof vi=u'+2as:
’]l..l. We know that, acceleration a 1s given by

i=Y dv
i T ds
.f vdv=ads -.(4.2.5)
i 2 Integrating eq. (4.2.5), we get
.f v
| =G .-(4.26)
| where, C, = Constant of integration.
3. Whens =0, the velocity is known as initial velocity.
~Ats=0, v=u
4. Substituting these values in eq. (4.2.6), we get ~
| : o }
i 2 =ax 0+C,
2
E % C=—
5. Substituting the value of C, in eq. (4.2.6), we get
. . .
) =as+ 2 orvi=u?+ 2as

o .- :| Acceleration of a ship moving along a straight curve
} 3 ml:‘ 7 a5 the square of it speed. If the speed drops from

ec to 2 .
15 m/sec in one minute, find the distance moved in this .

period,
[ARTU 2013-14; (1) Marks 10

Title of PDF Document

ts the velocity at any time. After the time ¢ the velocity '

Engineering Mechanics 4-5C (CE-Sem-3)

AL

15 misse, 72

Giventa wv2, v, =3 misec
o Find ; Distance moved.

Acceleration is given by,
a=Kv? ) ...(4.3.1)

Y _ Kat

v
2. Onintegrating both sides,
}5 dV K 60
_— dt
=Xl
241 B
DR

-2+1]

153
[il =Kx60
-V

[-id]

15 3|=60K
1
3= 60K

K=-555x10"3
3. Fromeq. (4.3.1.), we get
a=-555x103v2

YAV _ 555 %103v2
ds

% = —5.55x103ds

4. Onintegratingboth sides,
[nv])}® = [-5.55 x 10352

In15-In3=-555x103s
s=124.89 m

4.5 | Derive the formula for the distance travelled in nt

u = Initial velocity of a body.
a = Acceleration of the body.
s, = Distance covered in n second.

Thisisthe subtitle of PDF, Use long text here.



WWW.CIVILGURU.NET

Thisisthe subtitle of PDF, Use long text here.

Review of Partj ‘ ‘
4.6C (CE-Semd) “cle Dynamic |
{ 5 .= Distance covered in (n — 1) seconds; i

g led in the n® seconds 3

. vell
9. Then distance tra' _ Distance travelled in n seconds — t

Distance travelled in (n - 1) g, conds

=5,75,1
—— ravelledinn seconds is obtained by substituting ¢ = ,, 3, the
| 3. following equation, !
| 1
s=ut+ gat?

2

1 2
s =un+ 5 an
n

2
1 (n — 1)
Similarly, s, ,=un-D+ aln
4. Distance travelled in the nt seconds

=8,—5%5,1

= (un + %an’) - [u(n -D+ %a(u = 1)2]

1
un+-;-an.2 —[un—u+§a(n’ + 1—2n)]

1 1 1 1
un+Ean2—un+u—§anz—5¢1+§ax2n
= an+lu—}2-¢?fu+—g-(2n—1) .

%] Write down the equation of motion due to gravity.

Following are the equation of motion due to gravity :
i For Downward Motion :
a=+g
v=u+gt
s=h=ut+ lgtz
T TR
: vi-ul=2gh
ii. For Upward Motion :
a=-g
V=u—gt
‘ 1
s=h=ut- Egt“
vi-ul=-2h

!

Title of PDF Document
Thisisthe subtitle of PDF, Use long text here.

" 2. So,total time, t=t +ty=4

ineering Mechanics CE-S
g 4-7C (CE-Sem-3)
Que 4 A stoneisdropped into a well and is heard to strike .the

4 seconds. Find the depth of the well if the velocity of
sound is 350 m/sec.

;v;,f'ér after

[ARTU 201415, @) Marks 05]

h = Depth of well,
t, = Time taken by stone to strike water.

t, = Time taken by sound to r surf;
1 each fr
water to top of well. = s

s N ..(4.6.1)
3. Considering downward motion of stone and using the relation

1
s=ut+ 5 &gt?, we have

h=0xtl+% x9.81x ¢

h=4.905¢2

4, Considering the motion of sound, the time taken by the sound to reach
from surface of water to top of well is given by,

_ Depthof well h 4.905¢

2" Speedof sound 350 - 350

(- h=4.905:2)
5. From eq. (4.6.1), we have

. 4905¢
350

3502, +4.905 £ = 1400

t, =4

4.905¢7 +350¢ —1400=0
6. . Solution of the quadratic equation given as,

t == 350 + \’8502 +4 x4.905x 1400 _ -350 +387.26

. 2x4.905 B
Taking the +ve root ; ¢, = 3.798 sec

7. Depth of well, h = 4.905¢ =4.905 x (3.798)* = 70.75 m
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- Review of Particq Dmam’q
— Aweleration of particle isdefinedbya =21-9 h:,“ Y
jusics S is i tres. Th s

3 ; m/sec’ and s is 1n me € partic] :
ais mcele::‘:no:n etermine (.a) velocity when s =15 m,e(;;‘irh
wm-'ﬁr::twbere velocity is again zero, (c) the position Where &:
post . . T X

1. Velocity when s = 1.56m,
a=v i —o1-214?
ds

[ vav= j:‘ (21-215%)ds

3 y 518
L = [213_218 l
2 3

5P

vi= 2[21x 1.5-21 x—]

3

v?=15.76
‘ v = 3.97 m/sec
2. Position where velocity is again zero,
dv :
— =21-21s?
M ds
[vdv = [(21-21s*ds

2 3
e _v? 3 213_2133 e 41D
‘ Here C isintegration constant.
i 3. Ats=0,v=0, from eq. (4.7.1), we have
- C=0
Put the value of C in eq. (4.7.1), we get

i 4. Forv=0, we have
{‘ \ S 2l 215°

=80 0

5 i3 3?—83=0

Title of PDF Document

: ;
NI 3 [213 ui 2]: ) L Wi

s(3-s)=0 - . : ]

4.9C (CE-Sem-3)

Engineering Mechanics

) s=.0, s?=3 = s=%.3
Thevelocity will be again zero at s =1.732 m
5 On differentiating the eq. (4.7.2) w.r.t s,

2
g Y. 2(21-21><3%J

ds
dv _ 21-21¢°
35 - . ..(4.7.3)

) 6. For maximum or minimum velocity, % =

0=(21-21s2)
. s?=1 = s=x1
7. Ats=1m, from eq.(4.7.2)

v= 2|:(2l><1)—(2—31)} =5.29 m/sec

8. Now, again differentiating the eq. (4.7.3) w.r.t s, we get
d%v (d v)z 2 . s " e
[v e + Z =(-21x25s) . __.(4‘7.4)4
9. Ats=1m,from eq.(4.7.3) )

dv _ 21-21s* 21-21 _

ds v v 0

10. Now substituting ‘i—: =0and s =1in eq. (4.7.4), we get

. -
As :ii—: at s = 1 m is negative, therefore velocity is maximum at 1 m.
s

and accelerates at a constant tangential acceleration of 0.5 m/sec?.
Determine the distance and time which the car will travel before -
the total acceleration attained by it becomes 0.75 m/sec?.

[AKTU 2015-14; (D Marks 05]

'Given' R=200m, a,=0.5 m/sec, a = 0.75 m/sec?,
/To Find : Distance and time for which the car trave!

L. We know that,
_Final acceleration? = Normal leration? + Tangential acceleration®

Thisisthe subtitle of PDF, Use long text here.
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: Review of Partjq), Dy, -
106 (CESer9) Yoa,,

m |
ai=a" +a, ) ‘ R

©.TBR=a2+ (0.5
2= 0.3125 m/sec
; = 0.559 m/sec?
n
rﬁ:al acceleration is given by,

vﬂ

a. = —

9. No

n R &
vt=a,xR= 0.559 x 200
v2=1118
v =10.57 m/sec

v=u+a, t

1057 =05t °

10.57

(v TInitial velgg; :
3. We know that, 5 clocity,uxy)

'g=.__—=21.14sec o ) B

0.5
: that,
4. Algoweknown \;2=u2+?a,8

v:_(10.57)° ) -
°% 24, 2x05 Crusg |
s=111725m

An automobile is accelerated at the rate of 0,8 m/sec? gy

" station A to station B. If th.e speed c:'f the ﬂ“tf_)muhile
."f;t;;‘l:::xr:ﬁt pnsses%ﬁtion A, determine the time re‘quu'ed for
:mtomohile to reach B and its speed as it passes station B, The

distance between'A and Bis 250 m. |AKTU 2013:14, (1) Marks 0g)

ind : Time tgke'_x_;

RN e

. to reack
1 We know that,

B e

Band speed as it passes’s tionB. |

: 1
- s=f;t+§at’ - o
1 ) :
250=10!+EX0.8X$2 .

" 250 = 10¢ + 0.4¢2 ;
0.4¢% 4 10t - 250 = o

427102 JAOY - 4% 0.4 x (- 250)
G . 2x04

Title of PDF Document

' Eagineering Mechanics

4-11 C (CE-Sem-3)
-10+ ,/100+ 400
=
0.8 -
t = 15.45 sec
know that . 3
9, Also, we kno = s 20

v2=(10)2+2 x 0.8 x 250 = 500
v = 22.36 m/sec -

Tt e

2.
CONCEPT OUTLINE

/c/“m'linear Motion : The motion of a body in a plane along a
circular path is known as plane curvilir

ear motion,
Equation of Motion for Curvilinear Motion :.
P © =, + ot
©® = o2 + 200

1
0=ot+ 2 at?
where, ®, = Initial angular velocity (rad/sec)

® = Final angular velocity (rad/sec)
= Angular acceleration (rad/sec?)

0 = Angular displacement (rad)

t = Time (sec) i
Projectile Motion : Curvilinear motion with constant acceleration
can be considered as the combination of two rectilinear motions _
occurring simultaneously along two mutually perpendiculgr: andy
directions. This motion isknown as proje

ctile motion.
Example : Motion of a missile or a ball hit in air.

8&‘14}9; What are the parameters required for defining the
Survilinear motion of a body 2

. OR

Thisisthe subtitle of PDF, Use long text here.
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. Review of Particle i - : .

4-12C (CE-Sem-3) : Dynamieg Engineering Mechanics :  4-13C (CE-Sem3)
ing terms : . ,' - ;

Define t! Aea?g?:;mcement. _

li.i. Angular velocity. -

sii. Angular acceleration.

Following are the parameters required for defining the Curviling,,
motion of the body :

isplacement : The displacement of a body in rotatigy:. | '
:ilg‘:ll:gl\)ﬂl:r displacement, and it is me_as_u.red in terms of the :Eg{: :
t_hr:ugh which the body moves from the initial state.

Al Velocity : The rate of change of angula.r diSPlaCemeﬂt b
il c:ii‘i:; respect to timeis called angular velocity. If the body tray, em:
angular distance d0 over a time interval dt, then the average ap

velocity @ is given by, gular

e

do
; O=at e )
iii. Angular Acceleration : The rate of change of angular velocity of 3 |
body with respect to time is called angular acceleration. '
. _dm_d(ﬁ)._ﬁ ! . aid B
- Mathematically, o= o =5 .

dt =

sin30° ~ sin@

{] Write down the relationship between angular motion

K { 03 _ 06
and linear motion. ‘ 1/2) sin 0
7 C { sin@=1
: : v 0= 90°
ris the distance of the particle from the centre of rotation, then |

s=rb

\}/ The tangential velocity of the particle is called as linear velocity andis |
denoted by v. Then

So this is the right angle triangle.

v _ do
s 4 dt dt . . . s Gived
: j "l,';le linear acceleration of the particle in tangential direction ¢, !
dv_ d%
4= ———po
Ca e

) : ) 222 of
:] If crank OA rotates with an angular velocity °

= . ! Br
: : 12. rad/sec, determine the velocity of piston B and the angyl
elocity of rod AB at the instant shown in the Fig. 4.12.1.

Marks 1!

2. The length of the link,

AKTU.2014-15; (D OB = [AB*-0A*

Title of PDF Document
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o x : Review of Particle Dyp, .

m-3) i
4-14C (CE-Sex
-2 Joe 08 =0.5196m=0.52m B

Engineeri

ng Mechanics 4-15C (CE-Sem-3)

‘ oo 414/ | Discuss the curvilinear motion of a body in rectangular
8 e iy . iy :
3. Velocity °fp°mtA’vA =rogy = 0Ax 0p = 0.3 x 12 = 3.6 m/sec ] coordinates-

ity of rod AB,
Angularvelomtyo
= . '_1A=%'%=6rad/sec
AB~ AB 4 ) iy
 ocity at point B, Vg = OB X @04
the velocityat point B, Vp :
B Andthe — 0,52 x 12 =6.24 m/sec

| A wheel that is rotating gt 300 rpm attains a #peed n-f |
e 1o ' : )
: seconds. Determine the acceler_atmn of the flywhee -
mg it f.o2 ge uniform. Also determine the time taken to come o

i leration remains the gas;
a of 300 rpm if the acceleratio € same
‘::; g:lnn‘be:g:ergvoluﬁons made during this time. ¢

[AKTU 2015-16, () Marks 10 -
T O T :

N, =300 rpm, 0y = —60— e 3[1.41&")9 raf]/sgg 3 9
N=180rpm, 0 5-27[%182 =18.8495 rad/sec, f = 20 sec i
To i Acceleration of the flywheel. . * b 4
i Time taken to come to rest from a speed of 300 rpm. |

L Weknow that,

0=0y+at
18.8495 = 31.4159 + a x (20)
o= -0.62832 rad/sec® :
@ = 0, (for rest) then from eq. (4.13.0),
0= 31.4159 + (- 0.62832) x ¢

t = 49.99984 = 50 sec
Hence time taken to come to rest = 50 sec.
3. Alsoweknowthat, 2= 0,2+ 200

..(4131) ¢

0= (31.4159)% + 2 x (- 0.62832) x 0
0 = 785.395 rad )
by flywheel
_ 785.395
" 2n

4: . Total revolutions mage

=124.999~ 125

Title of PDF Document
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" Consider a particle moving in the XY-plane, Let its position at an instant

of time be A, whose position vector is 7 as shown in Fig. 4.14.1.
¢ .

e po— X
If x and y be the rectangular coordinates of the point A, then its position
vector  canbe expressed as

T e
Then velocity vector can be obtaine

i . ..(4.14.1)
1 . d by differentiating eq. (4.14.1) with
respect to time, i.e.,

- _dr_des dy

= ——=—i+
vV @ a Tad
“=v,itv,] (4142)
where v_and v, are x and y components of velocity ; (Fig.4.14.2).
%5 =
Y —
A i
o, 'x

v

I

[Fig 4142}
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Review of Partjg), § X ] . . ;
4-16C (CE-Sem-3) e . 1 Engineering Mechanics 4-17C (CE-Sem-3)
The magnitude and direction of instantaneous velocity can be { W -
* in terms of its components 2, . >, { and . a, = 6,0 = % =
v= Vi + vf, and 0, = tan~? {‘L’} { 9. Particle’s positionat ¢ = 3 sec, E
: v, } x(3)=2+332=29m
The direction of this instantaneous velocity is tangential to the Pathy - . VB =343P=30m ,
the particle at that instant. i km S 3. Magnitude and direction of position vector atz = 3 sec are,
uation of path of the pm.-tlc e is known in the orm, y = o, |
b }: E;gi:% proved that the direction of velocity vector.comcides Wiu:hen ! r= 'xz + ¥ = 297 1307 =417 3m
slope of the curve or tangent to the curve at that point. the f .
6. Similarly, the acceleration vector can be obtained by differentiq; , and 6,= tan“(%) Z tan™ (2_9) —4597°
" eq. (4.14.2) with respect to time, i.c., o i s
’ b 4. Particle’s velocity at ¢ = 3 sec, .
’ Z ot ﬂ:dv’f-f-dv’ 3 ‘ v,(3) = 6(3) = 18 m/sec
R | v,(3) = 33) = 27 misec .
_dx : " d’y 3 Z{ 5. I.VIagnitude of velocity at time ¢ = 3 sec is given by,
st T ¥ )
dt. lft ; ve VI +vE = 187527 =32.45 misec
= 6,i+a,j 6. Itsinclination with respect to the X-axis is given by,
wherea and g  are x and y components of acceleration. i § (v’\ (27 .
7. The magnitude and direction of instantaneous acceleration in termsof | _ 6, = tan kV_,J = tan™ (ﬁ) =56.31°
LA 7. Particle’s accelerationat # = 3 sec,

as= Jaf +a} and 0, = ta'n"{z—’}

; 8.
The x and y coordinates of the position of a partice

moving in curvilinear motion are defined byx=2+3t2andy=3+
Determine the particle’s position, velocity and acceleration at £ =3sec. i

3 \2 + 3",}'=3+ e i
¢ Particle's position, velocity and acceleration at -
1 Itisgiven that,

Th *=2+3andy =3+ o
o :r.efo;el,)th;; and y components of velocity and acceleration ¢8|
ained by differentiating successivel cxprossions ¥ib
* Tespects to time, 14 ssively the above exp! \‘ e
dx dy’ ' i
V.= — = ) . :

== gr =6t v, :

Title of PDF Document
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a(3) = 6 m/sec?

a,(3) = 6(3) = 18 m/sec? )
Magnitude of acceleration at ¢ = 3 sec is given by,

a= Jaf+a: = J6? +18? =18.97 m/sec?

Its inclination with respect to the X-axisis given by,

0,= tan“{a—’) = tan-‘(E) =715
' a, . 6

| Write down the equations of projectile motion and

derive expression for the various terms associated with projectile
motion.

Equation of Motion for Projectile Motion : _
Motion along the X-direction (Uniform Motion) :

a,=0 .{416.1)

v, =v,cosa -(4.16.2)
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Sem-3)
4-18C (CE-Sext .
x=(vycos0)t ~(4.16.3) -

mon (Uniform Accelerated Motion) ,

s e Y-dire
4 Motion along tb . ey
v, =v,sin -8t ~(4165)
; = (v,sin ) -2y -.(4.16.6)
I
i Lo 4
y=(vsina)t= 38 (4.16.7)
¥
V, — V - V,
i
v, d
. Yo
Vo sina
vy
; —> X
B. Derivation of Various Terms :
i

Time Taken to Reach Manmum Height and Time of Flight :

L When the particle reaches the maximum height, we know that the

vertical component of velocity i.e., v, is zero. Therefore, from the
eq. (4.16.5), we have .

0-v°sina—gt

2. Hence, the time taken to reach the maximum height is,
Tt : t=YoSina .(4.168)
g :

3. Since the time of ascent i
taken for the projectile to return to the same level of projection i 1s,

7= 2Ysina
i haa gl i g
Maximum Height Reached :

Substituting the value of time of agcent in the eq. (4.16.7),

y= .vo sin a(M) —lg[vo sin a)z
g ) g

Title of PDF Document

1s equal to the time of descent, the total time ]
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. Eng-inee

_ Yosin’a "1 [”: sin’ “] o iy
TegEE 2 g
9. Hence, the maximgin height reached is, -
P sin’ «
2

h =

‘max

jii. Range:.

1. The horizontal distance between the point of projection and point of

return of projectile to the same level of projection is termed asrange.

9. Hence, range is obtained by substituting the value of total time of flight )
in the eq. (4.16.3),

R = (v,cos )T

=i a)[M]
R 4
3. Since, sin 2a = 2 sin a cos o, we can write,
R- Yosin2o
g

4.17.| A ball is thrown from the ground with a velocity of

20 m/sec at an angle of 30° to the horizontal. Determine :
i ~The velocity of theball at £ = 0.5 secand £ = 1.5 sec.
ii. Total time of flight of the ball. -

iii. Maximum height reached.

iv. Range of the ball.

Maximum range.

i

E.

-Gi;ren : ;- 20 m/sec a 30° 2
ToFind:  iThe velocxty of the ball at t

: . ii. Total time of flight of the ball
-iii. Maximum height rgached.

“* iv. Range of the ball.
Ve Mammum range‘ :

Thei 1mt1al velocity of the ball canbe resolved into homontal and vertical
components as,

o = Vo €08 & = 20 cos 30° = 17.32 m/sec

ad V4, = V, sin a = 20 sin 30° = 10 m/sec

Thisisthe subtitle of PDF, Use long text here.
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I

20 sin 30°,

2. Welkuow tha e bt ponent hvelonty vaties e
Thus, -

=v,sina—gt

=10-9.81(0.5) = 5.1 m/sec

3. The total velocity at that instant is obtained by,

|
Viossea = \}vi +v5 .
2 JA7.32F + (5.1%) =18.06 m/sec 4
And its inclination with respect to the X-axis is obtained by,

A%
9= e G

V05

: - tan™ (——5'1 7) 41°
b b= 17.32) = 1641,

: 4 Similady, vy, =10-981(15)=— 472 m/sec ,
‘.‘ v= Vv - v
J , = Ja732¢ +(—4.727 =17.95m/sec
(v,) 4.72
0= tan™'| x|=t 1(_) = 15.24°
Sl O BT X T
5.

We know that total time of flight of the ball is given by,

Te 2v, sina i 2(10)

\ i = 10)
., . 2 981 " Z04ses (v snaT
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5 M aximum height reached by the ball is given by,

vosin®a _ (10
h=YoSa (0 _
2g 2x981 >lm
7. Range of the projectile is given by, - ’

Yosin 2. _ (207 sin 60°

B = em ~®3m
Vo _(20y
g, Maximum range,R_ = —é‘l =r)1 =40.77Tm (> 2a=90°

8. | Discuss the curvilinear motion of a body in polar
coordinates.

Answer
‘Answer

. 1. Consider a particle moving in a curvilinear path as shown inFig. 418.1(a).

9. Letitbe at a point A at a particular instant of time. Its position is then
specified by the radial vector 7 and inclination or 3 with raspect Xegsi

i.e., 0. The instantaneous velocity v ofthe particle is tangential to the
path at that instant. :

This tangential velocity can be resolved into orthogonal components -
along the radial and transverse directions.

For tBis, let us consider unit vector é, and €, along the radial and
transverse directions reépectively as shown in Fig. 4.18.1 (a).

—>X

(@)

Asthe particle moves from point A to anothex: point in a smallinterval of
time, we can see that the directions of unit vectors also change. To
" determine this change in unit vectors, we proceed as follows.

5.
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6.

10.

| 11.-

.. Let the unit vec

Review of Particle D-Vnami
o

: with a common origin_as shown in Fig.4,
Draw the unit V:::(:iing the direction of radial vector at alatey 128132
£ time be €, and along the transverse direction & . As we let the s
o A
interval At — 0 then the angle A6 — 0.

In the limiting case, We have
pe, . dé,
im— = —— =€
alau-?o AO dQ
A, dé, s
im—- = —=-¢,
v ! Alﬂuﬂ' A0, do r
That is, in the limiting case, the change inradial u'nit vector pointsig &
direction of angular unit vector and the change in angular unit s
pointsinthe direction opposite to that of th.e radial unit vector,

The radius vector can be expressed as a Product of the radial distance
and the unit vector along that direction, i.e.,

- ~

r'=re,
Differentiating it with respect to time, we can get the expression for

" velocity as,

dr
dt

= o . .
vV =ré +rbg, .
Diﬁ”erelftiating the above expression with respect to time, we get the
expression for acceleration as,
a =‘;é,+i4+r"éé +rig +rode
dt i 4 dt

ws  odé do .. - . dé. do
rée, +r— — 8 5 Sy 5
20 dt+r9e6+r6e‘,+r0d6 dt

= ;é,‘+r"ééo+}éée+r§éa O
o h St Mo

Here single and doub : r(°)]e,+[r9+2r6]es
Tespectively, .
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kQ_E;» 4512" The motifm of a partiple is defined as r = 2¢? and0=¢,.

where ris in metres, 0 is i.n radians and ¢ is in seconds. Det i
the velocity and acceleration of the particle at £ = 2 gec. g

we have

r=4,0=1

.): =4, 9 =0
2. We know that velocity vector is given as,
) ; =r é, * ré E,
3. Substituting the values, we have
v=(48)e +@2t*)) e,
4. Hence, the velocity at ¢ = 2 sec is obtained by,

<

v = @x2)8 +2x(2F x (D,

=8¢ +8¢

o lvl= 87487 =11.31 misec
5. The acceleration vector is given by,
a = [r-r@r1& +1-6+2r 61,
= [(4) - 2621118, +[26%(0) + 2(4) (V)] &,

6. Hence, the acce}eration at ¢ = 2 s is obtained by,

a = [(4)-22)')& +[(8X2) ¢, = —48, + 168,
| a | = J(—4)* +(16)* =16.49 m/sec?

[ParT-3]
tic Energy, Power, Potential Energy

A e s AN S0
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discuss its special cases.
work done and dis! -
| Define T

n general is defined as a product of the

: w?.k g ?n?:hie direction of motion and the displacement,
the forc!

= 0)s )
el V;": g(‘)::: in the direction of motion.

where, - = Displacement.

Special Cases: ) .

Wp:::l the Displacement (8) is Zero: ) . ‘

Even though forces ‘Tmay act ona particle, if tl}ere is no displacement of
the particle then no work is done on the particle. : .

9 Considerablockresting on atable. Inits ftge-body diagram, we see that
eventhough its weight W and normal reaction R are acting on it, they do
1o work on the block as there is no displacement of the block.

- e

:u_—»ﬂ%

g A0
ii. . Whenthe Motion s at Right Angle to the Direction of the Forces:

L When the motionisat right angle to the direction of the forces, we see
ey that 8 = 90° and hence, cos 0 = 0. Thus, work done is zero.

Consider a block moving along a horizontal plane as shown in

the forces, namely, its weight and normal reaction, the two forces do not
work on the block.

“’

r{—‘——>P
R

" iAo,
iii. When the Motion isin the
L Inthiscase, 0=(

W=Fs

Direction of Force :

(*+ cos 0°= 1)

Title of PDF Document
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oddl A block of 10 kg mass resting on.a rough horizontal

ane is pulled by an inclined force P as shown Fig. 4211, at a

nnt,inc velocity over a distance of 5 m. The coefficient of kinetic
co.n:mn petween the contact planes is 0.2. Sketch the free body
a?:grﬂm of the block showing all the forces acting on it. Also,

ine (i) the work done by each force acting on the free body
g:ff}}?;‘:he total work done on the block. ,

O

{Answer

{sbeer

Given:m=10kg,s=5 m.9¥30‘;'ﬁ 02
To Find :

i. Work done by each force acting oﬁ tixé'free body.
ii. Total work done on the block."+ = i

1. The free-body diagram of the block is shown in Fig. 4.21.2. As there is
motion along the Y-direction,
5 IF Pt 0
R+Psin30°-10g=0
: R=10g-Psin30° -(4.21.1)

2. Slince .the block is moving with constant velocity along the horizontal
direction, its acceleration in that direction is zero. Hence, we can write

no

IF, =0
"Pcos30°-F=0
Pcos30°~pR=0 (*+ F=pR) «(4.21.2)
P sin 30°

10 I v P

- ———>Pcos 30°

R e
FigAsa)
i“bﬂmutmg the value of R from eq. (4.21.1) in eq. (4.21.2), we have

€08 30° - 1 (10g - P sin 80°) = 0

Thisisthe subtitle of PDF, Use long text here.
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#8801 10 : 10(0.2)(9.81)

? /—,-"‘;' = o 9) si

L p= [c0530°+l-*5m3°]_ [cos 30 +(9 2) sin 30°)

-2031N -
. . 400 is given DY,
4, Force ofﬁmctf;ljoi‘;;o 5031 cos 30° = 1759 N .
i; the horizontal component of P, i.e., P cos 8s,
> Worl;‘dv(;ne 00,31 cos 30° x 5=87.95 J
'Peos®

. o piven by
ictional foree is given by,
X done by the fric
o W, =—17.59x5=—87.95J
F

Since the other forces
" perpendicular to the d !
done by each of them is zero.

{ he
total work done on t
. : g:h of the forces acting on the block. .

W=8795-87.95=0

. block moving with constag
i we could say that as the —
iﬁ:;n:g’esultam force acting on it is zero, hence, the work done o

the block is zero.

i

Kaswer

A Kinetic Energy . The energy that a bod'y possesses by the virtue ofits

motion is known as kinetic energy.
Mathematically, KE = %mvz
.‘ B. Mathematical Expression for Kinetic Energy :

becomes v.
~. Initial velocity, = u=0

2. Now, vyork done on the body = Force x Distance
=Fs
3. But, Force = Mass x Acceleration
2 F=mq

- 4. Substituting the value of Fin eq. (4.22.1), we get
: - Work done = m x (gg) v

3ut from equation of motion, we have

Title of PDF Document

ting on the block, P sin 8, mg and R e,
diizctifu of displacement of the block, the v 0?;

block is the algebraic sum of works done by

E-T__._] Define Hnetic energy and also derive an expression for

* 1. Consider abody of mass m starting from rest. Let it be subjected toan
accelerating force F and after covering a distance s, its velocity

Amjeg

i .»';ToFipgl;Ifow;ar. ."‘vi s

Mechanics

ineering v 4-27C (CE-Sem-3)
0| :
§ i v2-ul=2as or v'-(?=2g5’ O Cr u=0)
v2 B .
as= —
- 2
SUbstituting the value of as in eq. (4.22.2), we have
B ;
v
Work done =My

" - But work done on the body is equal to KE pogsessed by the body.

.1 -
- — 2
KE = 2mv

't-e a short note on power.

1“ Power is defined as the rate at which work is done. The capacity of an
5 gine ora machine used tq do work is normally expressed as its rated
power. . .
9. IfWisthe total work done in a time interval ¢, then average power is
given by, :
=€~ Timetaken ¢ PRSI

3. The instantaneous power, i.e., power at a particular

" instant of time is
given by, . . :

pP= aw _ d(Fs)
dt dt '“(4'23"2)

The force can be assumed to be constant over this infinitesimally small
time interval d¢. Hence, we can write the above expression as :

Fds

P= 5= Fv e -(423.3)

5. InSlIsystem of units, the unit of power is Jouie per second (J/sec), also

called watt (W). . .
Qued.24.| A

ESakiail

car of 2 ton mass starts from rest and accélerates at a
uniform rat

Preies e to reach a speed of 60 kmph in 20 seconds. If the
lonal resistance is 600 N/ton, determine the driving power of

ne when it reaches a speed of 60 kmph.

Answer.

the engi

£ Givéri:ut—lb \
5= 600 N/ton

¢, m = 2 ton = 2000 kg,

Thisisthe subtitle of PDF, Use long text here.
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‘Mechaﬂics
(PE), + (KE), = (PE), + (KE),
(PE) + (KE) = Constant

we see that the total mechanical energy, i.¢., sum of potential and
jc energies remain constant. This is known as principle of
ion of mechanical energy. )

. " 4-29C (CE-Sem-3
D eeflﬂg m-3)

Eogit

Thus,
kinet
consewat

T64.26.

Pget A
AN

Aballis dropped from the top of a tower. If it reaches the

‘ Review of Particle % =
4-28C (CE-Sem3) : , - :
& Welnot thet v=u+at i

Tv-u_ 16.67-0 = 0.8335 misect
e= 20
v - . . by )
i . of motion of the car 1s given by,
: e kinetic equation ‘
9. Th pn
i F = Driving force.
e f = Force of friction.
F= f +ma
= (600)(2) + (2% 10°)(0.8335) = 2867 N
Driving power of t.hé engine when the car is moving at 60 kmph g o
3 ‘ .
by,

P=Fv:

- (2867)(16.67) = 47792.89 W =478kwW

Defin
; }vaéion of mechanical energy.

¥

;.) d;otential Energy: It isdefined as the capacity tp do work by virtued
its position. There are many types of potential energies such a
gravitational, electrical, elastic{ etc. :

Mathematically, PE=mgh

w

e potential energy and also give principle 4 ‘

b= andwitha velocity of 30 m/sec, determine the height of the tower

g"" the conservation of energy method.
by

2

To Find

S

By

i

S edd

the principle of conservation of energy, we know that the total

L mechanical energy remains constant. Hence, the total energy at the top
of the tower must be equal to that at the base of the tower i.e.,
(KE + PE),,, = (KE + PE),
9. Since the ground surface is taken as the datum, the potential energy at

the top is mgh [where A is height of the tower] and that at the bottom is
zero. If v is the velocity of the ball at the base, we can write

0+mgh = -;—mv2+0

Principle of Conservation of Mechanical Energy :

Ifabody s subjected to a conservative system of forces, (say gravit.a?iunfﬂ
force) then its mechanical energy remains constant for any positionin l
the force field. . 4 . 0w !
Consider a body either sliding down a smooth incline or freely fallitg :
Sinceit is initially at rest, all of its energy is potential energy.

‘ ! . Asit accelerates downwards, some of its potential energy is converte
into kinetic energy.

1,

_ At the bottom of the incline or at the ground level, the energy will l
purely kinetic, assuming the bottom of the slope or the ground levele ]
the datum for potential energy.

By the p_rinciple of conservation of energy, we see that the lossinpo

energy is equal to the gain in kinetic energy.

Mathematically, ’

(PE)J-(PE),= (KE),~ (KE),
On rearranging, we haye

i
WAl
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CONCEPT OUTLINE

S

=

uﬁfomentum : The product of mass and velocity of a body is known as
momentum. Mathematically, p = mv

Pulse : The product of the force and time is known as impulse.
Mathematically, I = F¢

s °§:§wnﬁon of Linear Momentum : When no external forces act
ln dies forming a system, the momentum of the system is conserved

':;" the initial momentum of the systemis equal to final momentum of
€ system,

here.
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: Answer Type and Med‘ ;Answer Type Q“e"‘“’ns

Derive impulse-momentum equation. .

: Iet F Net force actingona ngld body in the direction of motion
through CG of the body.

m = Mass of the rigid body.

o = Acceleration of the body. -

é, We know that,

v ' : (._.hg]
F=ma= mdt R . di) b
th—mdv

3. Integrating the above equation, we get
["ras = [
LY )
=m(v,-v,)
Impulse = mv, —mv,
thal momentum — Initial momentum

hlch move with a velocity of 20 m/sec at an angle of 30° with
ect to ground level Fmd the force exerted by the player on the

~ Given':m =200 gm =0.2kg, ¢ = 0.02 sec, 6 = 30°
. To Fmd* Force exerted on the ball.

Engineeri’é Mechanics 4-31C (CE-Sem-3)
0.2 x 20 cos 30°
Fo= G0  =1732N
U, Yy
20 m/sec
- v‘
u

e /3”30‘ ‘
(b) Final position of ball.
Ball moves with a velocity of 20 m/sec
(v, =20 cos 30°, v,=20 sin 30°)

(@) Initial position of ball.
Ball at rest
(u = 0,u,= 0)

ey

[Fig.428.1

i, For Y-direction,
Fyt =m (vy - uy)
F x 0.02 = 0.2 (20 sin 30° - 0)

F= 0.2x20sin30° 100N
v 0.02 %

4. Hence, the resultant impulse force exerted by the player on the ball,
F="F?+F? = 1732 +100° =199.99~200N
Qu;.29. | A bullet of mass 50' gm is fired into a freely suspended °
get to mass 5 kg. On lmpact, the target moves with a velocity of
7 m/sec along with the bullet in the direction of ﬁnng Find the
velocity of bullet. .

/Answer l

Given:m =50 gm = 005kg,m, 5kg,u =0, m-‘5+005—w“”“
V= 7m/sec

To Find : Veloclty of bullet.

Inmally the ballis at rest. Hence, u, = 0 and u, = '. ‘ '1- Total initial momentum (ie., momentum before 1mpact)
2. The ball leaves with a velocity of 20 m/sec at an angle of 30 = mu, + myu, = 0.05 xu, +5x0

(Fig. 4.28.1(b)). =0.05u,
3. Writingimpulse-momentum equation along X- and Y-directions, weK° 2. Total final momentum (i.e., momentum after impact),

i For X-direction, = Total mass x Common velocity =mv

‘ "Ft=m(v,-u), . = (5.05)x 7
F, x0.02 = 0.2 (20 cos 30° — 0) - According to conservation of momentum,
B
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Final momentum :

Initial momentum =
0.05u, =005 7

L _5_0_5L7_ =707 m/sec
h="0.05

erive an expression for angular momentum,

A’l"he roduct of mass moment of inertia and angular velocity of a rotating
- bod; is known as moment of momentum or angular momentum,

2. If « = Angular velocity of a body rotating about an axig,
1 = Moment of inertia of the body about the axis.
Then, angular momentum = ® I
3. Consider a body of mass ‘m’ rotating in a circle about its centre 0,

4 let, dm=Massofthe elementary strip.
r = Radius of the mass dm.

" o= Angular velocity of the body or angular velocity of th

mass drm.
v = Linear velocity of mass dm.

Y.
. Fig 43011
5. Now momentum of elementary mass

= Elementary mass x Velocity =dm x v

. =dmxor (
6. M " Of 3 N -
{ um of ary mass dm about O
! = Elementary mass x Radius
=(dmxaor)xr )
] =dm x or?
'i

Title of PDF Document
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gogineering Mechanics 4-33C (CE-Sem-3)
e momient of momentum of the entire mass about O is obtained by
7. gratingeq. (4:30.1. _
Moment of momentum of the entire mass

= [dmxort = [ ridm -(4.302)

But I 2 dm = Moment of inertia of the whole body about O =1.
gSubstituting the value in eq. (4.30.2), we get
Moment of momentum of the entire mass = o

Ql! 31.| At a given instant the 5 kg slender bar has the motion
PR .
; ,I,;:.p in Fig. 4.31.1. Determine the angular momentum about point

[AKTU 2014-15, (1) Marks 10

l

G, = 2 m/sec).

OA =45in30°=2m
OB = 4 cos 30°=3.464 m

W [
Velocity of point A, v, =2 m/sec

Thisisthe subtitle of PDF, Use long text here.
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gl 9= 2 =1rad/sec
©a8= DA 2
: ; =Y
3. Velocity at point B, ©ap = OB
_ Vs
1= 3464

vg= 3.464 rad/sec
4. Angular momentum about G .

CONCEPT OUTLINE

irect Impact : During collision, when the direction of motion of
‘each body is along the line joining their centres, the impact is called
direct impact
\ lique Impact : During collision, when the direction of motion of
either one or both bodies is inclined to the line joining their centres,
the impact is called oblique impact.

o Qﬁe_sti@ﬁs;Ans;zé;s ;

_Long Ah#wer Typennd Medxum Answer Type Questions

1 Conm:d.er ‘two smooth spheres of m:
velocities u, and u, respectively.

asses m, and m, moving with initial

2 -
llj;t :h:nn; coli’xde w1.th each other along the line joining their centres and
1a0d v, be their respective velocities after collision.

Title of PDF Document
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Uy v,

&2

Before impact

3. Asthe impuisive force exe.rted by each body on the other during the
collision is equal and opposite, we know that the total momentum of the
system is conserved. Thus, we can write

myy + Mty = MV, +m,v, ..(4.32.1)
4, We know that,
—e= T ..(4322)
. e
where, e = Coefficient of restitution.

5. Solving for v, and v, from eq. (4.32.1) and eq. (4.32.2), we have
o o Tttty ~mge (@ — )

(432.3)
! my+m, (

and v, = Tt ¥ Mgty ¥ e (C) (4324)

my +1my '

. The above two expression shows the final velocities after collision.
6. Ifwe assume that the collision is inelastic then substituting the value of
the coefficient of restitution e = 0 in eq. (4.32.3) and eq. (4.32.4), we get
mth + Myl

LMy m, =
Thus, we see that if the collision is inelastic then after imp_act. the two
bodies coalesce as one body and move with the same velocity.

7. If we assume that the collision is elastic then substituting the value of
the coefficient of restitution e = 1 in the eq. (4.32.3) and eq. (4.32.4), we

¥y ==

get ;
o (ml.“mz)"l*‘zmzu‘z
! my ey
- 2my +umy )
27 +m, 2
8. Further, if the masses of the two colliding bodies are equal,i.e., m, =My
then we get >
0 v, =uand v, =u,

Thus, when the collision is elastic between two equal masses, the two
bodies exchange their velocities after impact.
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—-»!‘e'mi‘l Ifaball overtakes 2 ball of twice its mass moving 17 .,

- itution between them
- . i coefficient of restitution 1 m ig 3, 4,
Oit; vel::;ttytha:dlf“]’;n after striking the second ball will remain, 5
show first ball a7 )

; . > s g i : § .:j
1. Itisgiventhat the velocity of the second ball is 1/T* of the velocity of the
first ball. Hence, applying the conservation of momentum equatj o,

Before impact

‘ig. 4.33.1.
My Uy + My Uy = My ¥y + M, ¥y

mu +2m %:mv‘ +2mv,
Su
v, + 2, = T . -.(4.33.1)
2. Coefficient of restitution is given as,

¥~ Vs, ==V,
hL-u u-ulT

—e=
Vi—Vy=——eu
1 2

7

93], o
= u:_l—(u ...(4.332)
From eq. (4.33.1) and €4 (4.33.2) solving for v

s »We get
=

» | Discuss in brief about oblique impact.
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© 5 Letv,andv, be the respective velocities immediate

. cering Mechanics . 4-37C (CE-Sem-3)V
»L Consider two sn',o‘oth spheres of masses ™, and m, approaching each
other with velocities v, and u, such that their direct:

ith i c ir directions are inclin
vtheﬁnepmmgﬂ,eucentrmattbemstantoﬁmpactatﬂandebr;uped:iev:l:
lyaﬁerimpactand

their directions be inclined to the line Joining centres at @ and B

respectively as shown in Fig. 4.34.1,
' Uy . g

P

2. 4.34.1. Oblique impact] :

3. Asthe spheres are smooth, there is no impulsive force acting on each
body along their common tangential plane during their time of collision
thus, there is no change in momentum of individual bodies in that
direction. . :

4. Hence, we can write,

v,sina=u, sin@
and v,sinB = u,sin ¢ -

5. As.the impulsive force exerted by each sphere on the other in the
direction ofline joining their centresis equal and opposite, the momentum
of the system is conserved. Thus, we can write
m,(u, cos 0) + m,(u, cos$) = m,(v, cos a) + myv,cos B) .

6. We know that,

Vv, cosa —v, cos f
u, cos0—u, cos ¢

e

shown in Fig. 4.35.1 collides with another th sphere of doubl

'| A smooth sphere moving at 10 m/sec in the direction

its mass and moving with 5 m/sec in the direction shown. If the

coefficient of restitution is 2/3, determine their velocities after
collision.

10 m/sec e i




WWW.CIVILGURU.NET
Thisisthe subtitle of PDF, Use long text here.

Review of Particle Dynamics

4-38C (CE-Sem-3)

= To Fmd Velocltxes aﬁer colhsxon
1 We know that,
Covsina=y sin 6 = 10 sin 30° (4351
v,sin p = u,sin¢= 5sin 60° -.(4.352)
9. According to conservation of momentum,
m, (u, cos 8) +m, (u, c0s §) =m, (v, cos @) +m, (v, cos B)
m(10 cos 30°) — 2m(5 cos 60°) = m(v, cos a) + 2m(v,cos B) .
v, cos a + 2v, cos p =366 | .(4353)
3. Also, we know that, :

v, cos 0.~ V, cos B

SRR il e L ce=
10 cos 30° — (- 5.cos 60°) Gre=2/3
" v,cos a—v, cos p = —7.44 ) ..(4.35.4)
4. From eq.(4.35.3) and eq. (4.35.4) solving for v, cos e and v, c0s B, we get
v, cos o = —3.74 m/sec i ' ...(4.35.5)
and v, cos B = 3.7 m/sec ...(4.35.6)
5. Fromeq.(4.35.1)and eq. (4.35.5), we get v, = 6.24 m/sec in the direction
opposite to that of the initial velocity at an angle of o =53.2° to the line

joining their centres.

Sum]arly, from eq. (4.35.2) and eq. (4 35.6), we get v, = 5.7 m/sec at an
angle of B =49.49° of the line joining theu' centres,

©00©
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CONCEPT ODUTLINE

xx/n i ineering mechanics which deals wq
: o+t is that branch of engineering mec: c swith
the E:cc:s:;:t‘:m which produces acceleration and resulting motion of

' ion: body is at rest or moving i
7 n’s Laws of Motion : Whex{ a ving in 5
> s::;gt line or rotating about an axis, the body obgys certain laws of
motion. These laws are called Newton’s law of motion.

of rigid body.
{Answer;

Follo;ving are the some terminologies related with the kinetics of rigid
body :

vi{/ Force :Itis defined as an agent which tends to change the state of rest or
motion of a body to which it is applied. The SI unit of force is Newton (N).

- \)(‘ Mass : The quant_ity of matter combined in a body is known as the mass
of t?mebody. Massis ascalar quantity. The STunit of mass is kilogram (kg).
\Ati. Acceleration : It is defined as the rate of change of velocity of a body.

Its ST unit is m/sec?

Acceleration = Change of velocity _ dv

" Time dt :
'\'/"‘/‘We‘g“t : Weight of a body is d y : :
attdB Koy the y is defined as the force by which the body is

body is given by,

g\
1
g
E .
g
B
n
=2
B
w
X
z
&
e
&
£
g
=9
=
&
g
3
=
=
<
[}
u§ *
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centre of the earth. Mathematically weight ofa

. Eog?
’ /2‘ State the various Newton’s law of motion,

4, Rate of change of momentum =

chanics 5-3C (CE-Sem:3)

ineering Me

o5.

ous Jaws of motion are as follows : : 3
art . y : Fy 0
V wton’s First La.w of Mot'lon': It statgs that a body continues in its
5 t:te of rest or of uniform motion in a straight line unless it is compelled
; an external force to change that state. o b
;e “+ton’s Second Law of Motion : I statcs that the rate of change of
i/ nomentum of a body is prop ortional to the external force applied on the

?ody and takes place in the direction of the force. :

s . "

wion's Third Law of Motion : It states that to every action, there
7 isilways an equal and opposite reaction. :

7] Discuss in detail about Newton’s second law of motion.

At 3

Koot

1 Newton’s second law of motion enables us to measure a force.

9. Letabody of mass m is moving with avelocity u along a straight line. It
is acted upon by a force F and the velocity of the body becomes v in the
time ¢, i ) _, . .

3. Initial momentum of the body = Mass x Initial velocity = muy .-
Final momentum of the body = mv ‘ ) e oty g

Change in momentum = Final momentum - Initial momentum A

) =mv—mu=m(v-u)

Change of momentum ° m(v —u)

Time 1

o
1 .=(8.3.1)
5. But we know that, :
ve-u
t

=a ’ (i.e., linear acceleration)

6. Substituting the value of (y-t—_u) ineq. (5.3.1), We get -

Rate of change of momentum = ma . i

But according to Newton's second law of motion; the rate of change of
glot:imentum is directly proportional to the external force acting on the
A : ’

F « ma or F=kma (532)

k = Constant of proportionality.

where,

Discuss the various types of plane motion.

Thisisthe subtitle of PDF, Use long text here.
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Introduction to Kineticg of Rigid

B

a body undergoes the following three types of plane i hon
oty |

Generally
: /' Translation 3 i .
. tion, the particleshave the same velocity ang aceq

and a strai .
original position atany time.

1 ght line drawn on the moving body remains pal‘all:ﬁ?;t ]

P

(b) Curvilinear translation " -

[Figsat] 4
2. If pathtraced by the particles during motion is a straight line, then the
" motionis said to be rectilinear translation (Fig. 5.4.1()).
3. Ifparticletraces acurved path, the motionis called curvilinear n-a;:;]aﬁm
(Fig.5.410).
ji”” Rotation :

(a) Rectilinear translation

1 Duringrotation, the body rotates about a fixed point and all the particks |

constituting the body move in a circular path.

2. Thefized point about which the body rotates is called the point of rotatim 4

and the axis passing through the point of rotation is called the axisof
rotation.

Title of PDF Document

ath Path
.- \.‘

. cering Mechanics 5-5C (CE-Sen;.g)
= Geit ral :qnne Motion (Combined Motion of Translation and
e jon) 2 A
Rotati®

both translation and i i
A body posses§ h 'an rotation motions
L W taneo usly at a particular instant, tl_xe motion s called general plane
1 moﬁon' ‘. 1 i
ple : () Motion of roller without slipping, motion of wheel of a

tive train, truck and car etc., (if) A rod sliding against a wall
:;;l:zd floor at the other end. 2 awall at one

GetE 7| A particle of mass 1 kg moves in a straight line under
:.ht;:ﬁ‘:;nce of a force thich increases linearly with time at the

to of 60 N per sec. At time £ = 0, the initial force may be taken
ra %0 N. D etermine the acceleration and velocity of the particle
:ch after it started from the rest at the origin.

£
g
S i S : 3 it
1. Forceisincreasing linearly with time. Hence applied force on the particle
is a function of time.
Let, F=At+B ..(65.1)
where, A and B are constant. 3
2. Whent =0, F=50N. Now eq. (5.5.1) becomes,
50=Ax0+B=B
& B=50N
3. Differentiating eq. (5.5.1), we get
‘;—Ft‘ =A+0
But ‘fi—f = 60 N/sec
A =60N/s
4 Substituting the value A and B in eq. (5.5.1), we get ‘
F=60t+ 50 (5.5.2) -

b dv)
R ( T dt

& :
Substituting this value of F in eq. (5.5.2), we get

We know that,

Thisisthe subtitle of PDF, Use long text here.
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o % = 60t + 50 ---(5.5‘3)
',1,‘(%}=60lf50 ('.'m:lkg)
' Y _got+50 (554)
dt 1

ng the eq. (5.5.4) w.r.t time, we get -
| [&v - [0t +50)dt
v [lGor+500d :

6. Integrati

- [ﬁ%‘i ¥ 50;]: =30x4%+50x 4 =480 +’200;:

v
= 680 m/sec :
7. From eq. (5.5.3), we have . o
- 9¥ 60450 \ T
dt . d;i 3
=60t +50 ( E“’]

8.+ Acceleration after 4 sec, @ = 60 x 4 + 50 = 290 m/sec?

PART-2
nstantaneous Centre of Rotation in Plane Motion and.
: «{ Problems. G

A@A::stantaneous Centre of Rotation :
- Instantaneous centre is the point about which motion of a body haviog

both rotatory and translatory motion s assumed to be purely rotation
It is also known as virtual centre, il risdut

¥ 2030 ndy i3S

Title of PDF Document

the procedure for locating the position of instantaneous centre of
rotation.

‘neering Mechanics . 5-7C (CE-Sem-3)
ngl : i
E g gular velocity of any point about instantaneous centre is given
2. v 4

b}'1

'~+V:IU

.4
S 7

here « = Angular velocity. . :
) S
v v = Linear velocity.

I = Instantaneous centre.
Locating the Position of Instantaneous Centre of Rotation :

If the directions of the v'elocities of t‘fvo particles P and Q of the body are
known and if they are fhfferent, the instantaneous centre is obtained by

' drawing the perpendlcu.lar to‘ v, through P and perpendicular to Vo
through @. The intersection pom_t of these two perpendiculars is known
as instantaneous centre of rotation. ;

g, Ifthe velocities v, and ) of two particles P and @ are perpendicular to
" the line PQ and the magnitudes of v, and v, are known, the instantaneous
centre of rotation can be found by intersection point of line PQ with the

line joining the extremities of the vectors v, and Vor

3. Ifthevelocitiesv, and veare parallel and have different magnitude or if
the velocities v, and v, are perpendicular to line PQ and have equal
magnitude, the instantaneous centre O will be at an infinite distance
and o will be zero and all the points of the body will have the same

velocity.
Il
70
Al
11
71
/o
/
N
(a) S Ll
[Fig.56.1]

| A compound wheel rolls without slipping between two

parallel plates A and B as shown in Fig. 5.7.1. At the instant
efl: oves to the right with a velocity of 1.2 m/sec and B moves to the
With a velocity of 0.6 m/sec. Calculate the velocity of centre of

Wheel anq th -
i 120 mm an
73= 360 mm, e angular velocity of wheel. Take r; = :

Thisisthe subtitle of PDF, Use long text here.
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A

vp as shown inFig. 5.7.2.

A V4 = 1.2 m/sec

(ry +rg—x).

2 E’u’yvectiur on the wheel
centre I with an angular velocity o.

B izl
(’1‘”',—:) -

appear to rotate about the mstanw

T N TR~

8

Title of PDF Document

ing Mechanics 5-9C (CE-Sem-3)
ogin®®
. 12
R
(480 - x)
D N
. eq. (5.7.1), We 8¢
g BONEES x = 160 mm
IB = 160 mm
1A +1B =480 , )

IA = 480 — IB = 480 — 160 = 320 mm
gular velocity of the disc, ’
Va 1.2

0= —=

IA ( 320)

08

-(5.1.1)

Also

4 Now an

=3.75rad/sec

- \1000
IC=x-CB

= 160-120 =40 mm
6. Veloc{ty of the centre C,

5, From Fig. 5.7.2,

40

ve=0IC=3.75x 1000

v = 0.15 m/sec

k @; e5.8. l A slender bar AB slides down a circular surface andona
horizontal surface as shown in Eig. 5.8.1. At an instant, when
8=45°, velocity of theend A is 2 m/sec. Determine the angular velocity
of the bar and the velocity of point of contact on the circular surface.

Thisisthe subtitle of PDF, Use long text here.
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5-10 Jis obtained by drawing perpendicular o, i

L Instantaneous centre

Ve i x c =v, X c0s 45°

" 9. Now,

;-

‘ =%
o, 74
From AICA, IA = 2042 cm = 28.28 cm = 0.2828 m
; by edsdin t (-: CA =20 cm)
Hence o, = .2 =17.072 rad/sec

CONCEPT OUTLINE

‘Alembert’s Principle : It states that the net external forces acting
on the system and the resultant inertia force are in equilibrium.
Mathematically, F—ma =0
where, -

F = External force.
ma = Resulting inertia force.

Title of PDF Document

5-11 C (CE-Sem

Illustrate D'Alembe;-t’s principle with respect o

Fj;;.ng cases can be considered forillustrating D’ Alembert’s principle :
o

Ke weight of lift plus persons in the lift.

Considering upward motion of the lift (Flg 5.9.1(a)).
2.

tion of 8 Lift: : d . .
/ M‘: :he tension in the string be T, acceleration of the 1ift be @ and W be
L

w
_W-—a =0
4 g

T;w[uﬁ]
g
T=m(g+a)

where, m = Mass equivalent of weight W:
3. Considering downward motion of the lift (Fig. 5.9.1(a))

G W= mg)

W—T—!V—a =0
g

rerf-

T=m(g-a). '
ah|T ay iT
W w -
(@) ) :
Fig: 591

_b/mn of Two Connecting Weights over a Smooth Pulley :

1,_Let m, > m, and the acceleration of the sy’sten_l be a,'m, obviously
moving downwards. According to D’Alembert’s principle,

For block of mass m,

9.1

e e 591

For block of mass m,, _ : Eiy G (5.9.2)
T-m,g=m,a R

2. Adding eq. (5.9.1) and eq. (5.9.2), we get

T= 29(™im)

Tt hp o

el
o =0,

e,

Thisisthe subtitle of PDF, Use long text here.
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IntroductmntoKmehm of 2
- d o cs
§-12C (CESesd Rigi Bodlu gagineerio Mechani
(my — m,)g s rani : . ] 1 ; 31t d_ e
&= "(my +my) i : smafuw?a—g_o
\ . 5.9.1) from eq. (5.9.2), we get R . :
I a3 Subtractinged:( a _ ¢ » : G netmd
’ T _g"—"ﬂ- - cos ¢
| S whetts ¢= Angle of friction.
( 5 Ifthe weﬁaents of friction are different for A adB,ie., p, and p,,then
d Wa
f T+W,sma—uzwz_°°s“‘7-°
f Wa
; andW,Bina-T—thsta—'?*o
4 Whichon simplification gives .
a _ (W, +Wysina (W, +p,Wycosa
] g . - W+W,
c. Motion of Two Interconnected Bodies on an Inclined Plage : WW(
Tlnsmotxoncanbedmdedmtwocases & and T= z;z+;1°°ﬂ“)
Casel:
it st ol A e b ::T: N :f two connected masses, one of which moves on the inclined
ite 1. Motion of two co Y
e rnarad don the kgl witha by e - plane, while the other falls freely being connected to the former by a
string running over a pulley.
For block B' i 2 Let the two masses accelerate with aceeleration a in the direction of m,
X v . as shown in Fig. 5.9.4. Considering no friction,
T+Wsma - W, ma-z For block of mass m,,
g =0 (593) | o
Forblock A, mg—T-m,a=0 =
For block of mass m,,
Fisina =T -, “a-%a 0 i .(594) % Fr:g sina-T-m,a=0 ~(5.96)
m
2 Fromeq(593)andeq(594) 22 : e‘l(595)andeq (5.9.6), we have
W, +w, = o = Eim -mysina)
+W,)si L a=EMTTTT
no—p(W, +W)oosa—_(w +W) =0 N ""1“_":
p o 2emmysina
my+my
! <

Title of PDF Document
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Introduction to Kineticg of Rigig Bo .
dieg

> .sun-‘” s
5-14C (CE :
Motion Of Two Connected Bodies Oneon ea chof the Trg smooth
5 lanes
nclined P! ' '
Let the motion be 0B the m, side of the body as shown in - o
2 Thenby D'Alembert’s principle, ‘ )
S For block of mass 7y, o
ngsil'{a,—T-mza =0 )
For block of mass 71,
T-m,gsino,-m,a=0
3 Fromeq (59.7)andeq. (5.7.8), we get

:~-(5~9.7)

v (598

i glm,sina, —m, sina,)
my+my

T= mym,(sina, +sina,)g
iR my+m;

mog sina,

I S

o it

Two bodies of masses 80 kg and 20 kg are connected by
O a thread alo;

ng a rough hori ’
force 400 N applied tg rizontal surface under the action of a

) o the first body of mass 80 kg as shown in

f‘ﬁg :-:3;;’21;; co]:fic:ient of friction between the sliding surfaces of

A s paneis 0.3. Determine the acceleration of two bodies
1on in the thread using D’Alembert’s principle.

® . (©)

Al 20kg B

80 kg

400 N

anired
Fig 10,17

1 % . i

[ARTU 2014:15, () Marka 10

<

Title of PDF Document
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o : 5-15C (CE-Sem.3)

1. Acceleration of tw

o Find:i./
Let;s consider, b9th the bl?cks are
tension developed in thread is T. |
Considering FBD of Block 1 (Fig. 5.10.2 (a))
Using D’Alembert’s principle,
400-T-pR=80a
400-T—-0.3x7848=80a
164.56 - T=80a

: - .(5.10.1)
5 Considering FBD of Block 2 (Fig. 5.10.2(b))
Using D’Alembert’s principle,
T-pR=20a
T-03x196.2=20a
T-58.86=20a e i02)
4, Onsolving the eq. (5.10.1) and eq. (5.10.2), we get
a = 1.057 m/sec?
and T=80N ) =
L& i 1u R ‘
—»s800 Al e,
T4 400N - . l
- MRy
" MR 7848 N ¢ 196.2 N
© ey
ue 5.11;

o€ 9.11. | A system of weight connected by string passing over

ulleys A and B shown in Fig. 5.11.1, Find the acceleration of three

weights, Assuming string is weightless and ideal condition for
Dulleys,

Thisisthe subtitle of PDF, Use long text here.

s 7]



WWW.CIVILGURU.NET
Thisisthe subtitle of PDF, Use long text here.

Introduction to Kinetjes “mﬁd% .

paso(cgSen? L by
i

s Considering FBD for pulley A,
) . T=2T,

root,- 1:000

2 x 4800 = 15000

9.81

Nega_tive sign of accelerations indicates
the direction as shown in Fig. 5.11.4.

5-17C (CE-Sem3)

From eq. (5.11.1) and eq. (5.11.2), we get: o
1 _ T,=4800N ,  a,=1962m/sec’

T a2+l5000

a, +15000

that the directionis opposite to

Tz ~4000 = ._4000

: le1
2 Considerj o . ¥
‘ermgFBD for block ¢ kN (Fig. 5.11.3) .

6000 7 _ 6000
TZ = m“l . ! .“(5,111)

Title of PDF Document
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of Rigiq Bogi,

. le states that th
t : Work-energy princip! o changs
tatem:f‘: body during any displacement is equal to the 50 1121;{ e,
:g:;gey; force acting on the body or we can say that work g

One ig ne by
ange in Jinetic energy of the body. i8equy b
\)A’broof : : :
1 Weknowthat, ~F=ma

| 6.

‘ F =Resultant of all forces actmg on abody, 12
m =Mass of the body.

a = Acceleration in the direction of resultant fore

- dv’

— /

aey ds

4 Substituting the value of a in eq. (5.12.1), we get

A

where,

dv)
F=mx(va) orFds=mvdv_— (5122)

z/ But Fds is the work done by the resultant force Fin displacing the body
by a small distance ds. The total work done by the resultant force F; in

displacing the body by a distance s is obtamed by integrating the
eq.(5.12.2).

A Hence, integrating eq. (5.12.2) on both sides, we get
I'Fda = jvmv dv
0 u
27" 2 2
Fs=m [v] =— i?] = B mi
2, e Yk S

Work done by resultant force = Change in kinetic energy

:|A body of mass 30 kg is projected up an incline of 30°
with an initial velocity of 1 toreeh
the contacting s ty of 10 m/sec. The friction coefficient betwe

urfaces is 0.2, Determine distance travelled by the
body before coming to rest, [ARTU 201514, (D) Marks 03]

Title of PDF Document
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Engil

Fig.513.1]
Resultant force acting on the block,
F=mgsin0-puR
=mgsin 0-pmgcosh

= 30 x 10 x 8in 30° - 0.2 x 30 x 10 cos 30°
F=98.04N

9. Using the work-energy balance equation,
Work done by the block = Kinetic energy of the block

Fx= %m(uz ~v?)

=

98.04 x x= = x 30 [102=0?]

[

x =15.30 m

Que 5.14 » The speed of a flywheel rotating at 200 rpm is uniformly

mcreased to 300 rpm in 5 seconds. Determine the work done by the
driving torque and the increase in kinetic energy during this time.

’;‘ake mass of the flywheel as 25 kg and its radius of BYN'-“W as
0 cm.

:Gwen N,= =200 rpm,m A 2"_’”‘20_0 -6671:rad/sec,
'5sec,m 25 kg, k= 200m < 0.2m,N = 300tpm,
2% 3

B n;\xoo 10 nrad/sec

T° F“‘d ¢ i Work done by the driving torque.

ll- Increase in kmetxc energy. . i o SE
Ma“ moment of inertia of the flywheel about its centro:dal axisis,
I=mk?=(25)0.27=1 kg m’

Thisisthe subtitle of PDF, Use long text here.
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4 t‘ . /.f

f 2 since_the angular acceleration is uniform, we can use the kineu,ar
A equation, . i

o=0,+at :

a=2"%
t
_ 10z —56.67 " 209 rad/sec?

* 4. Sincethe angular acceleration is constant, the drivi

. Onacylinder at rest, who,

. Also we know that ‘
v oA o7 = 01 + 200
1_ 2
_ul-o
2a

(107)* - (6.67 n)*

" aop - 10M07nd

0

NG torque is congtay

and hence applying the kinetic equation of motion about fixed axjg We

have
M =Ia = (1)(2.09) = 2.09 N-m
6. Work done by the driving torque is given by,
‘ W= M©,-0,)
=(2.09)(131.07) = 273.94 J
6. The increase in kinetic energy is given by,
A(KE) = (KE), - (KE),

1 1
= Elm’ —Elmg

= %I(m’ -o})

1
= 5(1)[(10 ) - (6.67 n)*] = 273.94 J

ut9x | A constant force of 1

Se mass i . . 10cmf0"
Determine 58 is 50 kg and radius is )

ts centre of

d;stance of 5 m,
the ve], _
- o mass. Assume that there is no slip:

s =80kg, =10 om 2 0.1 1n, s
8ular velocity of the cylinder.
A i@&?f_c?ﬂ'tre of mass, |

Title of PDF Document
Thisisthe subtitle of PDF, Use long text here.

00N is applied as shown tange‘?ﬁ‘“y :

the angular velocity of the cylinder and

y
o

ing Mechanics . 5-21C (CE-Sem-3)

. o the applied force is horizontal and the displacement is in the
S}ﬂcetion of the force, the work done by the force
g;::lcmment sisgiven by, -

W=Fs 3

@ 100 N

Fig.5.15.1,
lying the work-energy principle, we have .
Work done = Change in kinetic energy

Eogine®

1 n causing a

2. App
Fs= %mvz + %Im"_

2 2 2

Fs= %mrz ?

4Fs  4(100X5)
= —5=————=1333.33
O = Bmr® - 350)0.1)
K2 o = 36.51 rad/sec
3. Velocity of the centre of mass is given as,
V. =T0

= (0.1)(36.51) = 3.651 m/sec

PART-5]

- Kinetics of Rigid Body Rotation.

85?‘ ; 16. Discuss and describe the laws of motion applied to planar

tl'an!lation and rotation,

[AKTU 2014:15; (1) Marks 08 |
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Introduction to Kinetics £
Of R;

. lgi
Laws of Rotation : Following are the laws ag applie e

B. dto iy

~ +/ First Law: It states_tha§ a body continueg in itg & g gy,
rotation about an axis with constant angylay vy :ite of rey oy,
compelled by an external torque to change the state ¥y \nﬂe“t;:o(
) i

\ﬁ/éemnﬂ Law:Itstates t.hat_ the rate of change of an,
of a rotating body is proportlo.nal to the externa) torque oy
body and takes place in the direction of the torque, 2ppligg on\&:

\y Third Law: It states that to every torque there j5 alw.

- a
opposite torque. F Yean e%alm

1 Consider arigid body rotating about O as shown in Fig, 5 17.1

2 Let, ® = Angular velocity of the body.
- dm = Elementary mass of the body.
r = Radius of elementary mass from 0.
; v = Tangential velocity of elementary mag;,
3. KEofthe elementary massis,

1~ : 1 S
=% x Mass xvelomty2= 5 dmv:  _(511)

4. KEofthewholebody is obtained by integrating the eq. (5.1
KE of the body, N Y A

n

I%dmvz =%]'dfn..(mr)z (wv=awr)

_-l 252, 1., z' A £
= mer dm.=§m Ir dm (- o isa constan!)

’ﬁ'

5. But

B KE 70 £ the bod 1 . . : )
; y = =2 s

Title of PDF Document
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frrm =12 Moment of inertia of the body about‘a-”' :

|

oring Mechanics 5-23 C (CE-Sem-3)

Engin®

4—‘ A uniform homogeneous cylinder rolls without slip aleng
e 015 . .

‘guu = ;;ht al level surface with a translational velocity of 20 cm/sec.
’,‘?fxeight 15 0.1 N and its radius is 10 cm, what is its total kinetic
I )
energy

Taaswer.

"

: Gi;en sy=20 cm/sec = 0.20 iﬂsec, w

; 4,-=10cm='0.1m s
| o Find : Total kinetic energy..

o e

1. We know that, I= >

¥
r
— 1,.,.1
2. Total kinetic energy = Elm +Emv1
1

=3 xo.ooooslxzzf%x%xz’

= 0.000102 + 0.0204 = 0.020502 N-m

which weights are attached to the two ends of a string which passes
over a rough pulley. h

Que 5.19. I Derive an expression for the acceleration of system in

L Fig.5.19.1 shows the two weights W, and W, attached to the two ends
of a string, which passes over a rough pulley of radius R.

As pulley is rough and having certain weight, the tensions on both
sides of the string will not be same. If W, > W, the weight W, will move
downwards whereas the weight W, will move upwards with the same
acceleration, -
3. Let, &

a= Acceleration of the'system.
T, = Tension in the string to which weight W,is attached.
T, = Tension in the string to which weight W, is attached.
R = Radius of the pulley.

T A ———

B o —— i o SRR

\
-y

H\

-1

e

==k VIS (B e b

Ve
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1C8 of ;..
I= Momentofinertiaof the pulley aboy; ¢ Sy i
o =" Angular acceleration. < s of Totyg
W, = Weight of the pulley. 3
4. Considering the motion of weight W letitj .
an acceleration a. v etILis moving d°ana,.d8 g
The net downwards force on weight W,=w - T) "
1 1
Massof weight, m, = e
5. We know that, .
Net force = Mass x Acceleration
W,
‘(wx = Tx) =—Llg s ? ;
6. Gonsidering the motlomof weikh A
. Considering the motion of weight W,, let it i i
acceleration a. g S Oving upwards Vithy
Net upward force = (T,- LA
T,
T,
“f ‘a
W,
W, 5
. Fig. 5.19.1 '
7. Using, net force = Mass x Acceleration 5
N i (T,-W,) = .%m ; : ;.-:,(5.19.”,
W . . o . <o with®
8. Now considering the rotation of the pulley, let it is rotating ™
angular acceleration o, - fibe
s . s ortia 0
9. Ifthe pulleyis considered as a solid disc, then moment ofinert?
pulley is given by, : v
: i e ider
o gomB (- Solid disc islike 2
1o B ( )
g 2 :

———————

Title of PDF Document
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— 5-25C (CE-Sem-3) \\ |
The torque o7 the pulley is given by, :
0 - PRI AV [ a =1) . .(5193)
= g 2 R R

4 torque on the pulley = Torque due to T - Torque due to T,
1. B = T,xR-T,xR=R(T,~T)
Subéﬁt“t'“‘g the value of torque in eq. (5.19.3), we get
32.

L B e
R(TI—TZ)—_-—E 2R
Wo .(5.19.4)
T,-T,= EE a ;
13 Adding eq. (5.19.1), eq: (5.19.2) and eq. (5.19.4), we get
W oW W =£[W W, +m)
W,—Wz-'- _l.a+—;-a+ 2ga, 7 L+ W, 2
a= gW, - Wy)
W, + W, + ——21

the ends of
Qae5:20, | Two weights of 8KN and 5 KN are attachedat the

i e
aflexible cable. The cable passes overa pulley ?f dxar:;t:' albl:;'{;s
weight of the pulley is 500N and radius of gyration ;ised e
axis of rotation. Find the torque which mus_t be aplfz o gtecr
to raise the 8 kN weight with an acceleration of 1 3

the friction in the pulley.

[(AETUZ01E (D Marks 10|

5 i ;  then
1 Asweneed to raise 8 KN weight withanacee ‘evrﬂ:;tang?‘fr:f al:’*“’
we must apply a torque on the pulley whic!
Torque = (T, - Ty r +Io.
t
Applying equilibrium equation on block of 8 kN, we ge!
- 8000 .

T,—-8000 = 98l

8000
= 2= x1.2+8000
Ty= 581 %2

d to pulley.

TS S

el
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Introduction to Kineticg of Rigiq Bo
dj
T, = 8978.59 N =

Fig. 5.20.1
3. Applying equilibrium equation on block of 5 kN, we get,
5000
5000-T,= ——
Y T

T, = -

| T,=4388.38N
4. Torque applied on the pulley = Io.

x 1.2

Io=mk? 2
=

500 1.2
Ia= (—) (0.5) x—=_
081 Y @iy
To= 30.58 N-m
5. Now total applied torque = (T, =T)r+Iu

( I= mk’,u:%)

= (8978.59 - 4388.38) x (5 +30.58
= 2325.685 N-m

and Energy Method, Virtual Displacements,
iple of Virtual Work for Particle and.. -
“ Ideal System of Rigid Bodies

/X CONGCEPT OUTLINE
rtual Disp] . ;
A bOinnequsﬁ,;cen.'em : The displacement of a particle or a rigid
imaginary displﬂcemls notat all possible. However we can assume a1
constrained, ghg dise?t to ocour, particularly ifthe systemis partially
frtual Work ;y, acement is known as virtual displacement.
the virtual disp.la : mtal.w"’k done by the system of forces causing
®ment is termed ag virtual work.

——

Title of PDF Document
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Ensineeﬁ

TAnswer . )
ﬁrk Done on a Particle: _— ) .
i ichi nstrained to move, it
~When a force acts on a particle, w'hlch is not cons q 3
- mses a displacement of the particle. The force is then said to have

done work on the particle.

i duct of magnitude of
 We then define work done on the particle asapro gnitud
= thi force and the displacement. Mathematically, we can write this as

W="Fs
Bet
f——>

S
[Fig. 5211
3t”” Work Done on a Rigid Body :

1. We know that a rigid body is subjected to moments in addition to the
forces. Just as the forces cause linear displacements, moments cause
angular displacements. : ) _ )

2. Ifamoment M acting on arigid body causes an angular dxsp]acement; (*]
then work done by the moment on the rigid body is defined as the
product of moment and angular displacement, i.e.,

W=Mo

Give the principle of virtual work for a particle and a

Answer. |
\%Fm' the particle or rigid body to remain in equilibriug\ in t::ei :li;;l;cz
position also, we know that the resultant force a?unﬁl odis mast b
zero. Thus, we say that work done in causing thxsvxrt\;‘ . P! i
\)/_iﬁ' also zero, This is known as principle of vxrtualwt:tr )) g
" . For a system of concurrent forces Fy, Fy, « F,, the virtual wor : ane s
Blven by, : « e
U=F8r+Fr+.. +F or

Thisisthe subtitle of PDF, Use long text here.
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: ineering Mec 5-29C (CE-Sem
=(F,+Fy+ .. +F) 5r diey Engineering c( o
= Y Fsr

3. Asasystem of concurrent fcfrce can be replaced by 2 sing]
force, the virtual work done is equal to the work dong by ti::es“ltﬂnt
4. For the body to remain in equilibrium in the displaceg f!s.‘ﬂtan ;
know that the resultant must be zero. Hence, virty al wp"s‘tlon, o
causing this virtual displacement is also zero, i.e., ork dopg N

8U= (X F)ér=0

5. Thenecessary and sufficient condition for the equiliby;
s zero virtual work done by all external forces aCtin:‘::: :}fﬂ Particly
during any virtual displacement consistent with the constra te Partigly .
on the particle, ) nts impogeq
Similarly, for a rigid body, we can write the principle of virtua]
Wi

' Gt
U= Y For+> Ms0=0 ork ag B |

9. Let 0beinclination of the ladder with respect tio the' horizo;:;al‘; F;;mé
| A unif . ) ometry of the triangle, we see that the ocatnfn x of the e
against ‘ “:;1 or: ]‘::d" e e Welght W Jeang ‘;l::igt;e location y of the centre of gravity of ladder with respect to the
a smooth verti . : R
shown in Fig, 5.23.1.e Bylcf.hew;agl::: o: :i,:tt::lhwl;::zgn:m floor g4 i origin are :
horizontal force P required t ? Cetermine the h (5.23.1)
position. quired to keep the ladder in equilibrium | . *= tano -
A
{ y= geind (5232

3. 'The virtual displacement are obtained by differentiating eq. (5.23.1)
and eq. (5.23.2) as,

1
§x = — h cosec? 0 50 and 5y=§ cos080

i also decreases but x
4. From Fig. 5.23.2 we see that as 0 decreases, y a1so0
‘ ] increases. Hence, considering only positive virtual displacements, the
above expressions reduce to

1
8 = hcosec? 050 anddy = 5 cos 650

5. Now applying the principle of virtual work, we have

U=0
“ —P&+Wd=0 ~
i do no work, as the virtual
' mweigh, L - ! 6. It should be noted that reaction R,and R¢ Ssrievhivp
1' Pnder v e Iad‘ ‘ displacement of the contact points B and C are perpen |
orce Pholdg it s de

18 adder tries to glige g, oo al direction of the forces. Therefore
10°dsit in eqyyj), e down, but the horizont!
shown in Fig, 5.23.2q, orium. The free body diagram of the ladder is |
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5.90C (CE-Seni -9) Introduction to Kineticg ofRigi 4 Bod,
- ey

_ P[h cosec? 0 80] + W[_i cos @ 89] -0

wi cos 6
P= 91 cosec? 0

P= g—sinzecose

;| Using the principle of virtual work, determine the ang
e

(] for;vl;icix equilibrium is maintained in the mechanis;
given values of forces P, and P, applied. Length of the ]
1 and that of the shorter links is //2.

: o Py

m Shown for

onger linkg is

hinge point as the origin, the point

forces P and p are ' -a}‘aphcatiuon of the
andy in'termg by 0, :Z‘gi:espectwely - Expressing these positions x
=-oose+£cose+£ 3

2 2 2088 = Slooso (624D

and !

= 2X=8in @ =7«
2 e a2 sm6=1Ising (5.242)
o and e e diSplace i

andeq; (5.24.9) as, g - are obtained by differentiating eq. (5.24.1)

3
b= -Jeinogg

\\'\ 81’=lc05959
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. . hile y
ig. 5.24.2, we see that as 0 increases, x increases Wk
3. From Fg considering only positive values of virtual

Hence
decreases. ’ 3

displacements, the ab
&y = EsisineBe and &x =1 cos 830
2

4. Applying the principle of virtual work, we get
Py-Pgx=0

p,(% sin® se) _P,(lcos030) =0

%Lsine =cho§9
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e

~" Law of cons! .

created nor er by

: other form. o ¢,
pz./;:] can also be stated as the total energy possessed by a bo

constant provi

ervation of energy states that the energy can

destroyed though it can be transformed from Deith,

One fo;

P2z ey

ander the action of an applied force 300 N acting paray
inclined plane. The coefficient of friction, y is equal to 0.2 ;lll to the
moves from rest. Determine : 5 3 eb(,dy
i Acceleration of the body.

ii. Distance travelled by body in four seconds.

ijii. Velocity of body after four seconds.

jv. Kinetic energy of the body after four seconds.

v. Work done on the body in four seconds.

vi. Momentum of the body after four seconds.

vii. Impulse applied in four seconds.

WT--AiS»G.’ZN,'m: %';__‘-_

0=30° =02 " i
To Find: i Accelerationofthe body.
: ii. Distance travelled by body in 4 sec.
. iii. Velocity of body after 4 sec. -,

‘%"'iv. "Kinetic energy of the body after 4 sec. e
‘v, -Work done on the body in 4 sec. :
Momentum of the body after 4 sec.

vii. Impulse applied in 4 sec.

1. Asbody moves from rest, hence initial velocity («) will be zero.

u=0
2. Fig.5.26.1 shows the free body diagram. The net force in the direction
of motion is given by,

F = Applied force — Wsin 6 — pR
=300-196.2 x sin 30° —0.2 x Wcos 6
(- R=Wecos )}
= 300-98.1-0.2 x 196.2 x cos 30° '
’\ =300-98.1-33.98 =167.92N

Title of PDF Document

ded no energy is added to or taken from jt, dy Temajp, |

’Qﬂb 5.25. I A body weighing 196.2 N slides up a 30° inclined lan
= plan -

ng Mechanics 5-33C (CE-Sem-3)

Engineeri

F=mxa
167.92 = 20 xa
_ 167.92
20

3. We know that,

a = 8.396 m/sec”.

4. Distance travelled in 4 sec,

1
=ut+ = at®
s=ut+oa
=0x4+%x8.39€x4’=67.168m

5. Velocity after4sec,v=u+at
— 0 +8.396 x 4 = 33.584 m/sec

6. The kinetic energy after 4 sec is given by,

KE = —;-mv’
= % 20 % (33.584)2 = 11278.8 N-m

7. Work done on the body in 4 sec
= Net force x Distance moved in 4 sec

=167.92x 67.168 = 11278.8 Nm

8. The work done on the body is equal to the change of kinetic energy of

the body.

: 1 2
Change of KE = —12— mvi— 32 mu*

Thisisthe subtitle of PDF, Use long text here.
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Sem-3) Introduction to Kinetics of Rigiq Bodle
Y1182 A =
: 3

puoesemd _————————

- ineeri ics (2 Marks Questions) $Q-1C (CE-Sem-3)
= —;— x 20 x (33.5842)% - 3 X 00 (.. = Engineering Mechanics (2 Marks Ques
1) o
-11278.8-0=11278.8 Nm. IntrOductlon to
. of the body after 4 sec 'nee .
9. Momentu O v =20 x 33.584 = 671.68 kg e Enl‘,fl ; l'l.l] g
. ' CS
10, Impulseapplied in4sec 2 ec an1
’ — Net force x Time =F x 4 (2 Marks Questlons)
=167.92x 4=671.68 N sec :
o /
of momentum of the body L =~
11. Change =mv-mu=20x33584-20x0 \/4 What do you understand by a particle and a rigid bod: ?h
TN rticle : A particle is a body of infinitely small volume and the
. 671‘:;2 1;13 e j A nP):ss‘:f :he pgrticlfeeis‘s : "yred to be rated at a point.
= 671. sec

B | Rigid Body : A body which does not deform under the action of
365 | external forces is known as rigid body.

12. Give the effect of force and moment on a body.

AN The force acting on a body linear displ 1t while t
causes an angular displacement.

\Mhat are the steps in making of a free body diagram ?
|AKTU 2013-14, (I) Marks 02|

The steps in making a free body diagram are as follows :

A sketcﬁ of the body is drawn by removing the supporting surfaces.
Indicate on this sketch all the applied or active forces, which tend to
set the body in motion, such as those caused by weight of the body

e T e
-Answers -

] r~E

or applied forces, etc.
iii. Also indicate on this sketch all the reactive forces, such as those
=l caused by the constraints or supports that tend to prevent motion.
L Equilibrium is a state of a system which does not change. ¢ iv. All relevant dimensions and angles, reference axes are shown on
2. Anequilibrium is considered stable, if the system always returnstoits " the sketch. :
initial stage after small disturbances. If the system moves away from
the equilibrium after small disturbances, then the equilibrium is 14. Def'ine resultantf of forces. .
unstable. R Ang A single force which can replace a number of forces acting on a
s . dy and gives same effect is called resultant of forces.
- l;:‘ﬂexamp]e, the equilibrium of a pencil standing on its tip is unstable
W

e the equilibrium of a i . ble. : 15 eresultant of two forces 3P and 2P is R. If the first force
a picture on the wall is (usually) sta. 0: e is doubled the resultant is also double.
: angle between the two forces.

[AKTU 2018-14, (1) Marks 02|

d, determine the

000

'Given:P=3P,Q=2P, P =GP, R'=2R
To Find : Angle between the twg forces

Title of PDF Document
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; ame

m law of forces, i

logra
L From patalle ‘}g PP+ @ + 2P@Q cos 0
e 1T p- J@PP+@P)+2x 313517@;‘5

R= OP? + 4P* +12P" cos (15? |
|1)

dmg to changed values, A

L et @ +2PQcosG <, |
= J(BP)* (2P)2+2><6P><2Pcosﬁ s, -

gps \[36P +4P* 4 24P cos 61
)and eq. (152) wehave o7l

2 Now accor

gl .”‘(1’5.2)
) 3. Fromeg. (151 X sy
i - 9JoP? +4P* +12P% cos© = \/3? 2+4P2q_24pz cose
4(9P? + 4P% + 12P2 cos 8) = 36‘»P2+4P2+24P2 I
19P2 + 24P? cos 6=0. R
- 19P%1+2cos ) =0
4. Since, 12P%=0, 1 +2 cos 8=0
A [0t R CHLESEO cosB:-—_]jZ“ av oid eopede Holl IR |
Tag S 0 = 120° )

| 1.6. at is statlc equilibrium ? Write down sufficient condition
of static equilibrium for a coplanar concurrent and

non-concurrent force system.

OR

concurrent forces

s & - a]l
AwE Static Equilibrium : A body is said to be in static equili bnumlf

jsat
the forces acting on the body are:balanced Whether the hUdY
. rest or in motion. nncuﬂ'tm

Conditions of Static equhbrmm for a COI’lfmar ¢
Force System : or 3
e ZF = 0 and ,
Conditions on Static Ethbrmm fOl'
Concurrent Force System

; ‘a Coplanal‘ st |

Z-Fx—o, i
ZFy=0,and
IM =0

force system ?

Title of PDF Document
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‘Eﬁgineering Mechanics (2 Marks Questions) 8Q-6C (CE-Sem-3)

rest of system by properly incorporating the effect of forces. ’I:ha
diagram of the isolated element or a portion of the body along with
the net effect of forces is known as free body diagram (FBD).
Example:.

Body

FBD

t Figo 1014.1-

efine parallelogram law of forces.
- [AKTUZ016:17, (D) Marks 02|

aAnE Parallelogram law of forces states that if two forces at_:tmg
simultaneously on a body at a point are represented in magmtud-e
and direction by two adjacent sides of a parallelogram, their .
resultant will be represented in magnitude and direction b.y the
diagonal of the parallelogram which passes through the point of
intersection of two sides representing the forces. |

»
©O0O
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i

gravity? 299701 1o il

termcentre of gravit
v 'l‘Th Iy 0id appliestolines, p anes, areas and volumes

vl owrd 3 dad) motots sagsul oo

Deﬁneansofsymmetry Yo ghind 5y e i

F o} e tknowna.éansofsymmetryu‘w

[ Yo senog adi duieal wveszeg o

Cenfrmd and Céhtr,

s f Gravity
(2 Marks Questlons)

—

apphes to bodles w1th welght ;vhlle

o

“'The'liné"abbut which' the figur can be ‘cut mto equa.l halves s

23. Detemme thelcentmxd iof a cu'cu.lar arc, havmg radxus

20 mm and central angle 18
[{

|AKTU 2018-14, (I) Marks 02]

" Given: 2a = 180°, o = 90
To Find : Centroid of circ =
1. Position of the centroid for circular arc is given as,
- Rsina _ 20sin (n/2)
a T

o |8

=12.73 mm

¥ =0(due to symmetry)

24. What is the centroid of segment of a circular dxsc of l“*'l""‘l

5 cm and subtended angle of 120° ?

Title of PDF Document

Epgineer;ng Mechanics (2 Marks Questions) SQ—7‘9: (CE-Sem-::))r‘

T Centrmd of circ ularlamma isgivenas,

=0 "ue to éyﬁﬁ:etry)

:‘9/Explmn polarmoment ‘of inertia. 77 7

rAKTU‘ 2013-14, aI) MukLl

Ans Moment of inertia about an axis perpendicular to the plane of an
area is known as polar moment of inertia.

/6. Find the polar moment of inertia of a circular area of
diameter 5 mm. [AETU 2013-14, (D Marks 02|
Ans

s
l

Given:D=5mm
~ To. Fmd Po]ar mo_mc_ant of mema.
1 Polar moment of inertia of a circular disc is given as,
mD* mx5*

J= —=——_=61.36 mm*
32 32

2.7, What do you understand by radius of gyration ?
[ARTU 2015-16, (D Marks 02|

AN dius of gyration is the distance which is when squared and
‘multiplied by area gives the moment of inertia of that area.

State perpendicular axis theorem.
[AKTU 2015-16, (D Marks 02|

OR
State and explain perpendicular axis theorem.
rAKTU 2014-15, 2016-17, (II) Marks '02,‘]
Ang: Perpendicular axis theorem states that the moment of inertia of an
area about an axis perpendicular to its plane (polar moment of
inertia) at any point O is equal to the sum of moments of inertia
about any two mutually perpendicular axis through the same point
.0 and lying in the plane of the area.
Mathematically, I, = Iy +Iyy
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9, State pan;llel axis theorem. AKTU‘2016-17,'(I),M31'.1‘§02
29. :

tates that the moment of inertia aboyt %
ea is equal to the sum of moment Ofinertii !

allel axis theorem 8
A P ihe planeof anar
about a parallel

¢ the distance between the two parallel axis.
0

2.10. Define mass moment of inertia.

inertia

Mass moment of ine
AnE sum total of produc d
distance from the axis.

©00
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Centroid and Centre “Gravi( i
¥

centroidal axis and the product of area anq Square

of a body about an axis is defineq
t of its elemental masses and square o

8Q-9 C (CE-Sem-3)

Engineering Mechanics (2 Marks Questions)

Basic Structural
Analysis
(2 Marks Questions)

3.1, Write the different types of support.
Following are the different types of support :
i Simple support or knife edge support,
ii. Roller support,
iii. Pinjoint or hinged support,
iv. Smooth surface support, and
v. Fixed or built-in support.

s=eal L

\ﬂ List the various types of loads to which the beam can be

subjected. [AXTU 2016-17,71) Marks 02|
ARE Following are the different typesofloads to which the beam can be
subjectenf : ]

" i Concentrated or point load,
ii. Uniformly distributed load (UDL), and
iii. Uniformly varying load (UVL).

8.3;/I')iffe. tiate between perfect and imperfect truss.

[ARTU 2015-16,(D Marks 02|
AT
S.No. | ‘PerfectTruss’ = Imperfect Truss
1. | Prefect trusses always Imperfect trusses cannot retain
retain their shape. their shape when loaded and
7 get distorted.

2. | Number of members in perfect| Numbers of members are
truss are equals to (2/ — 3), where| either more or less than 2j-3.
J is number of joints.

/
3.4.”What do you understand by point of contraflexure ?
\/ [AXTU 2015-16; @ Marks 02|
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;r BasicStructural Analygjq

int whxch represents the section

isapo
" anm The P‘J“‘t of °°ntmﬂexure ’ ent is zero or bendmg moment

on the beam where bending mom
changesits sign. ‘
crdarpete 0 5. »f&mﬁe upofﬁvemembers I“hen“mbe,.

Jﬁ{t\ﬁsgﬁ:ggﬁsg is four then state the nature of trugg, |
<ot joi '

/e sy d
AT P <,|A_,_KTU2°13 14, (I1) Marks 02 |

f‘*{) 1ie :xyj.; 28

‘l

= Mgiveuvhr"ﬁv T 7 & 1
To Find: Natul‘quW““'m Lo ynmamﬁ m..n S Ly e

e

1. Nature of truss can be detenmne by tha fcllowmg formula, v

m =9 =817 vab reps

m=2-3 ' o
=92x4-3=5"¢ i

1HS = RHS Brvws daeg 1 i

So, the given trussis a perfect truss.!’

M What arb the different methods of analysing a frame ?::
| . Aframeis p.naIysedby the following methods : i

1 Method of joints, ) _

i Method of sectionyand @ wac 1 ot oo e il

iii. Graphical method. (il Betond
isolllaiy =t e y M

3.7. What assumphons are’ made w}nle determmmg sttesses in
a truss ? IAKTU 2014-15, (IT) Marks 02|
m Fcllowmg are th"assumphons madé‘while’determining stresses

i~The frame should bela perfect frame.
ii. The frame carries load at the _]omts . walidy
iii, .. All the members are pm joined, -

Ba) T Yoarsiogatl o3

iscuss tl:e condxtmns under whu:h the method of sectlon
“is preferred over method of joints in analysis of truss. |

: { . [ARTU 2013-14, (D Marks 02|
nder, the Tollowing |
“preférred over the mgetl::(é :? ;:gl‘xttl: B the method Of Sec“‘m ‘5

i_Inalarge truss in which forces in only few 'Tembers are reqlm'ed |
i, In the mtuatwn where the ot]

method of joints fails to start/proceed
ol brustenn s o av afy sl B0

ke 3.9 Deﬁ;xé zeroforce i:ile:'lllxbers.
AWE The members of a trus

s in which n 5 as
zero force members, et force is zero are known

Title of PDF Document
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1/8.10.0 With neat sketches descnbe in brief different types of beams.
e 3 (' 1 /! -
' [ARTO 2014-15. {II) Marks 02

Ang: Following dré the dxfferent types of beams ;'
8.No. | Type of beam | :

.~ Diagram ;_

i | Cantilever beam

i, Simply supported beam

iii. [Overhanging beam

iv. | Fixed beam

V. Continuous beam

3.11. Determine the mﬁmum Bendixig moment m a simply

ported beam having span of 5 m and carrying a
uniformly distributed load of 10 kN/m throughout its span.

[AKTU 2013-14, () Marks 02]

v v

" Given':l=b5m,w=10x10°kN/m |
- ToFind: Manmumbendmgmoment. Gl

1. We know maximum bending moment for sxmply supported beam
carrying uniformly distributed load is given as,

2 3 2!
(BM), = U _10x10°x5

= 31250 N-m
8 8

3.]2 Determine‘ the maximum bending moment in a simply
supported beam of span § m, carrying uniformly
distributed load of 2 kN/m over its entire span.

[AKTU 2013-14; (N Marks 02]

—




WWW.CIVILGURU.NET

Thisisthe subtitle of PDF, Use long text here.

" BasicStructural Analygis

C (CE-Sem-3)
sQ-12 . simply supported beam can-ymg

mom
imum bending & ed load is givenby a8,

1

distribut

by wlt _ 2x8" _25 _ 625 kN-m
(BM)pas ™ -8- s 8 4

000
g= pt rotiHat?
L2 %
=%

Veﬁnadd-
=R 64 = 6‘&

ok, NE /&+éxz*éx‘f’

R L
=" A= {2
"3%; 6 m)ge

= O 6X) -2t
3‘ = 96 — [-2x2:
% = R4
:‘_‘ébz& ==& me™

Title of PDF Document
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7 r»Rev1eW of Particle
2 Dynamics
*-,,,,,(2 Marks Questlons)

. Define recti ear mohon.

AnE: ~The motion of abody annga st;axght line ulmown as rectilinear
- motlon

massof3kgls tromahﬁﬁtb‘nmmst.l"mdthe
“ dxstance travel]ed in"S‘ypconds. .

[mu“zols-u,mm.oq

1. We know th,at;'s~= ut + %gtz
But, u = 0 (body is initially at rest)
5= %gtz; %x 10x52  (Using,g= 10 m/sec?)

=125m

. The equation of motion for motion of a particle is given by
8 =18t + 3t - 23, Find leration and velocity at £ = 2 sec.

|AKTU 2014-15, () Marks 02|

ANE

'(aiven 5= 18t+3t’~2‘ :
- T¢ To Find Acceleratmn and velouty at t:

1. We know that, v= 3—=18+6t 662

Velocity at, t=2sec
v=18+6x2-6x4

= 6 m/sec

Thisisthe subtitle of PDF, Use long text here.
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9. Also, acceleratlon,a— 7 tz
lerntxon at,t =25€C. ;: ; 2 5 m/secz

R -
i s

| _ tand by plane curvxhnear motion -,

4 g 25 (‘%What do you “n(tier:n a plane along 2 cncular path % know-n s

‘ {208 Bh;;nohonof e Jody in.2 pre i ;

| G it 3

g Ly Define relatwe o moti et e

| \)/ fa moving body with respef_u b body er g b to

i mlgnl:;t:n othe relative motion of the |
i is

second body-

. A8.. Deﬁnewor
- m Workis defin
oule (J)

il
4z-n

edas the product of force &

d@gplépémgnt. Its unitis

= o=

l mean by energy ?
. :‘,; &W;a; ::cﬂ‘;‘:’f d omgW°"k is known as energy. It is the product of

werandtlme iy . .,,‘.\ ({ 0\

byl

& tial energy.
Define kinetic energy and poten
.e etic Energy : The energy possessed by a body by virtue of its
notion is known as kinetic energy. Iti is given by,
i KE = % mv2 Yy N
f ' .Potentml Energy: The energy by vxrtue of position of a body with
. ‘ g respect to any given reference or datum is known as potentxal
! ] energy Itls ngen by,

! #6t5; - Impulse ¢ The product of force and time is known as impulse.
| Momentum : The product of mass and velocity of a body is known
|

\/ momentum.
10. What do you \mderstand by angular momentum T

| ang The product of mass moment of inertia and angular velocity of
| rotating body is known as ang'ular momentum

4 4.1l State the law of conservatlon of energy.

il Law of conservation of energy states that the energy can neither

| : : be created nor destroyed,” tho ne
H, o g @ther ot ugh 1t ‘can be converted from o

| | J)‘»Yu}.& =Rt v©©©l‘

momLdon = Gy v
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) D0l s

v Introductlon to

K1net1cs of Rigid
Bodies

(2 Marks Qﬁestlons)

sinitwnd w04 EBA

5.1. State Newton’s second law of motion.
Ang Newton’s second law of motion states'that/the rate of change of
momentum of a body is proportional to the external force applied
body and takes place in the du'ectxon of the force.

©2

Latod

(SRS .'u

ATBIIG L B o 335
.52, /Define mstantaneous centre of rotatlon.

"The point about which motion of a body having both translational
and rotational motion is assumed tobe pu‘re rotatxonal is hwwn as

instantaneous centre of rotation. ‘7 -

A 'Me and explain D’Alembert’s prmc:ple. 5 i
[AETU 201415, () Marks 02|

OR
State D-Alembert’s principle.[AKTU 2015-16, (D) Marks02|

AnE: D’Alembert’s principle states that the net external force acting on
the system and the resultant inertia force are in equilibrium.

’\/Eéﬁat do you understand by work-energy principle ? o
|AKTU 2015-16, (D Marks 02]

ATE Work-energy principle states that the change in kinetic energy of a
body during any displacement is equal to the work done by the
bod;

5.5, Write D’Alembert’s principle for rotary motion.
According to D'Alembert’s principle, when external torques acts on
a system having rotating motion, then the algebraic sum of all the
torques acting on the system due to external forces and reversed
active forces including the inertia torque is zero.

Give the expression for the kinetic energy of rotating bodies.
AN KE = % ol
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Where, ® = Angular velocity, and \\

I = Moment of inertia.

.7. Define virtual displacement.
-AWE The displacement of a partially constrained body which g oce

only in imagination but not in reality is known “1T1ng
displacement. - — o Vlrtua]

Write pnnclple of virtual work for a part ""
\//od e particle and £, ari d i

AfE; For Particle :
U =ZXF8r=0 -
For Rigid Body :
8U = SFsr + EM80 = 0 —

59. Write the d.lfferent types of motmn.

ATE; Followmg are the different types of motion : V
v 1. Translation,

""h. Rotation, and
Géneral plane motion (combined motion of translation anq rotation)
on

©0©
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