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EUNDAMENTALS OF ENGINEERING MECHANICS

Definitions of Mechanics —

1. A branch of physical science that deals with energy and forces and their effect on bodies.

2. the practical application of mechanics to the design, construction, or operation of machines
or tools

Definitions of engineering Mechanics

The subject engineering mechanics is the branch of applied science which deals with the laws
and principles of mechanics, along with their applications to engineering problems .

Sub division of Engg. Mechanics
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Defination —

Force is an external agent capable of changing the state of rest or motion of a particular body. It has
a magnitude and a direction. The direction towards which the force is applied is known as the
direction of the force and the application of force is the point where force is applied.

The Force can be measured using a spring balance. The Sl unit of force is Newton(N).
Common symbols: F—,F

Sl unit: Newton

In Sl base units: kg-m/s?



Other units: dyne, poundal, pound-force, kip, kilo pond
Derivations from other quantities: F=ma

Dimension: LMT?

Classification of force system according to plane & line of action

System of Forces
When fwo, or more than two, forces act on a body, they are
called to form a system of forces, Following systems of forces are
important from the subject point of view
1. Coplaner forces. The forces, whose lines of actien lie on
the same plane, are known as coplaner forces.

2. Qullinear forces. The foroes, whose lines of action lie on
the same line, are known as collinear forces.

3. Concurrent forces. The forces, which meet at one point,
are known as conourrent forces, The concurrent forces
may or may not be collinear.

4. Coplaner concurrent forces. The forces, which meet at one
point and their lines of action also lie on the same plane,
are known as coplaner concurrent forees.

5. Coplaner non-concurrent forces. The forees which do not
meet at one point, but their lines of action lie on the
same plane, are known as coplaner non-concureent forces.

8. Non-coplaner concurrent forces. The forees, which meet at
one point, but their lines of action do not lie on the s ame

plane, ars known as non-coplaner conenrrent forces.

7.  Non-coplaner non-conourrent forces. The forces, which do
not meet at one point and their lines of action do not lie
on the same plane, are called non-coplaner non-concurrent
forces.




Effects of a Force

" t!\ force may produce the following effects in a body, on which
it acts :

1. It may change the motion of the body, f.e. if a body is at
rest, the force may set the body in motion, and if the
body is already in motion, the force may accelerate it.

2. It may retard the motion of a body.

3. It may retard the forces, already acting on a body, thus

bringing it to rest or in equilibrium. We shall study this
effect in chapter 5 of this book.

4. It may give rise to the internal stresses in the body, on
which it acte, We shall study this effect in chapters 12
and 13 of this book,

Characteristics of a Force

In order to determine the effects of a force, acting on a body,
we must know the following characteristics of a force :

1. Magnitude of the force (i.e., 10 kgf, 20 tf, 50 N, 15 kN,
etc.)

2. The direction of the line, along which the force acts (i.e.
along 0X, OY or at 30° North or East etc.). It is also
known as line of action of the force.

3. Nature of the force (i.c., whether the force is push or pull).
This is denoted by placing an arrow head on the line of
action of the force.

4. Thepoint at which (or through which) the force acts on
the body.

Principle of transmissibility

The state of rest or of motion of a rigid body is unaltered if a force acting on the body is replaced by
another force of the same magnitude and direction but acting anywhere on the body along the line of
action of the applied forces. In the following animation, two rigid blocks A and B are joined by a rigid rod.
If the system is moving on a frictionless surface, the acceleration of the system in both the cases is given

by,
Acceleration=Applied force/total mass

It is independent of the point of application



Rigiad rod
Rigrief rocl
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Principle of Superposition

This principle states that the combined effect of force system
acting on a particle or a rigid body is the sum of effects of
individual forces.

Consider two forces P and Q acting at A on a boat as shown in
Fig.3.1. Let R be the resultant of these two forces P and Q.
According to Newton’s second law of motion, the boat will
move in the direction of resultant force R with acceleration
proportional to R. The same motion can be obtained

when P and Q are applied simultaneously.
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Principle of Supecerposition



Action & Reaction Forces

1. A force is a push or a pull that acts upon an object as a results of its interaction with another
object.

2. Forces result from interactions but some forces result from contact interactions (normal,
frictional, tensional, and applied forces are examples of contact forces) and other forces are the
result of action-at-a-distance interactions (gravitational, electrical, and magnetic forces).
According to Newton, whenever objects A and B interact with each other, they exert forces
upon each other. When you sit in your chair, your body exerts a downward force on the chair
and the chair exerts an upward force on your body. There are two forces resulting from this
interaction - a force on the chair and a force on your body. These two forces are

called action and reaction forces and are the subject of Newton's third law of motion. Formally
stated, Newton's third law is:

For every action, there is an equal and opposite reaction.

The statement means that in every interaction, there is a pair of forces acting on the two
interacting objects. The size of the forces on the first object equals the size of the force on the
second object. The direction of the force on the first object is opposite to the direction of the
force on the second object. Forces always come in pairs - equal and opposite action-reaction
force pairs.

Concept of Free Body Diagram
Free-body Diagrams. To mvest:ga.ba the equilibrium of &

hzﬁ% we shall always imagine that we remove the suppﬁm m#
replace them by the reactions which they exert on the body. Thm;.




3.1. Free Bosdy
A body is said o be free body i it is isolased from all other conmected members,

3.2, Free Body Diagram
Free body diagram of o body is the diagram drawn by showing all the external foress and reactions
an the body and by removing the contact suifaces. =clis

Steps o be followed in drawing a free body dimgraim

i Izolate the body from sl other bodles,

2. Indicate the external foroes on the free body, s
(The welght of the body should also be included. Tt should be applied a1 the centre of

gravity af the body.) e
3, The magnitude and direction of the known cxternal forees should be mentioned.
The reactions exteried by the supports on the: body afoukd e cl!arlyiuihm
Clearly mark the dimensions in the free body diagram.

R |
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Resolution of a Force

‘A _
i/ The process of splitting up the given foree into s number of
components, without changing its effect on the body is called
resolution of a force. A force is, generally, resolved alorg two
mutually perpendieular directions.




_ Inm faet, tho resclution of a force in the reverse action of the
addition of the eomponent vectors. E

yl'ﬁ-dplz of Resolution
S~ It states, “The algebraic sum of the resolved po a number of
- Jfarces, in & given nhira;?:ﬁ, i eqmﬂﬂjm the rumé wﬂd{f their resul-

Ll"__,_ldﬂi in the same direction."

Froof

: Now consider for  aimpli-
city, two forces P and @ : which Y
aro represented  in magnitude -
and direction by the two adja- 7
cent sides 04 and OB of a 8
poasallelogram OACE as shown a H '
in Fig, 2.9 A
We kinow that the resul- |t =%
tant (R) of thesa, two forces P * @] » L M
and @ will ba represented, in
magnitude and direetion, by the
diagonal OC of the parallelo-
gram.

Y
Fig, &2 Principle of resclution.

Let OX be the given direction, in which the forces are to be
resolved. MNow draw 4L, BM, and ON perpendiculars from the
points 4, Band C on 0X. Bimilarly, draw J;i perpendienlar from
the point 4 on ON.

In the two triangles OBM and ACT, the two sides OB and ACQ
are parallel and equal in megnitude. Moreover, the two sides OM
and AT are also parallel.

’ OM — AT = LN

Now from the geometry of the figure, we find that
ON = OL+LN = OL4+0OM ... LN —0OM)

But ON ia the resolved part of the resultant B, OL is the
resolved part of the force P, and OM is the resolved part of the
force @. :

Hence resclved part of R along 0X

= Rosolved part of P along OX
+ Rezolved part of @ along 0X

Note: We have considersd, for the sake of gimplicity only, the two

forces P and i), But this prineipls may be sxtended (o any nomber of forees,

214. Method of Resolution for the Resultant Foree

The resultant foree, of & given systom of forces, may be fo
out by the method of resslution as disoussed below - ! und
1" Reaolve all the forces vertically and find the algebraic sum

of wll the wertical somponents (i.e., SF). .




iolve sll the forces horizomtally and find the algebraic
&1 all the horizontal components (f.e., EE“_I.
- e reaultant K of the given forces will be given by the

qut&un '
= {ZVPF-F(EH
4. Tﬁ& resultant l'uma will be inolined st an angle #, with
“_ - the horizontal, such that

b
tan # = H

Mote: The valus of the e @ will dapending npon the values of
EV and EM as dincossnd !‘.‘l:l.l.'ln' 1 " WS i 4

1. When EF is 4-ve, the resulfant mekos an sngle et ween §F and 1807,
Eﬂéjjtm EV 8 —ve, the resulient meakes an angle betwean 1850° and

I.. When EH s 4 ve, the reguliant makes an angle batwesen 0% and 0°
sud 290 to 380", But when SH is —ve, the resultant ales sn apgle
Il-l-'b-un ™ ba 2700,

«En-phia A triangle ABC has its sides AB = 40 mm

positive z-aris awi gides BO = 30 along positive” y-axis. Three

Imu lﬂbﬂ{h kgf and 30 kgf act along the sides AB, BC and CA
respectivaly. termine the resultunt of such o system of forces.

(Oemania University, 1985)
Solution.

The syatem of the van forees [5
shown in Fig. 2-3. From Igle geomet,

the figure, we find that the triangle H{J 50 kgt

is & right angled trisngle in which the
*side’ AC = 50 mm. Moreover,

" 320
Fem =" — )

T .

and nﬂﬂﬂ.nsh'-ﬂﬁ- s ezt
. . kg
Resolving all the forces horizon- Fig. 2.3

tally (i.e. along 4 B)
ZH = 40—-30cos § = H—30x08 = 16 kgl  ...(0)
and now resolving all the forces vertically (i.e, slong BC),
Z¥ v B0 —30 8in & == 50—30 < 06 — 32 kgf oo )
We know that the magnitude of the result ant foree,
»R = VIZHP LIV = {0 @ kgf




Ezample 2-4 ﬂ;fm 20N, 30N, 40 N, Eﬂl’i" uuﬂl-.db,"

nl:rdc.hﬁg on one a nis
the other five nngnhrq pmﬂ?tl:;:ﬂﬂ:u urdarnfﬂ mm
direction of the resullant force. " tﬂnmhldw Hﬁwnﬁm

Solution.

The system of the given forces is shown in Flg 24,
Magnitude of the resulant force

Resolving all the forces horizontally
(i.e., along AB),

ZH = 20 cos 0430 cos 30°
+ 40 cos 60° 50 cos B0°
+ 60 oos 120° N
= (20 ¥ 1)4-{30 2 0-866)

~+ (40 2 0-5) 4 (50¢ 0)
+60{—0-5) N

= 360 N
and now resolving the all forces vertically (i.e. st right angles to +
EV = 20 gin 0*<30 sin 30°4-40 sin 60°

450 ain 907 460 sin 120° N

= (20x0)+ :m&iﬂﬂﬂm x 0-866)
+(50 % 1) 4 (80 x 0-866) N
L .].-ﬁ']u"ﬂ H -----E.ll'i}'

We know that magnitude of the resulant force,
R = +(ZHY'+(ZF)' = +/[36:0)"(151-8)" N
= 1658 N Ans.
Direction of the resultant force

Let # = Angle, which the resultant makes with tha
horizontal (i.e., AB).

v _ 1516
v tan & " - . = 421
‘ ™ TH™ 380 :

or / = 78" 30° Ans.




Resulrandi Force

I s mumber of forces, &, Q, .. ..ebo ste actiog  simolaoe-
nn-.?n.r'l.h..lm it s possitde &0 find out n singls foree which
on thom ir which woold prodwce the spma offust &8

™
%uﬂﬂ‘ ¥ all the given foroes. This smgle fores is called pesulbomd

the El'rnn I'umﬁ-i .P'F E’. N -n-"l-f' wrw o dlad Wﬂ?ﬂﬂﬁﬂ

Dampositon of Forces

The process of Geding oot the rescitant foros of & somber of
given forees is callod somparition of firecs of compounding of forres.

Meiheds for the Resulitmnt Fares

Thoogh thers are many mobhads lof nding oot the resolient
forne of n number of given forces, yob the [slowing are lmportant
feas the wnhjeol point of view @ -

1 Amslytinnl methad, x: Gﬂl.ﬂlllul.'l mothod,

Ansiyrical Methad for Resuliont Foros

Tha Fesullant Forse, of 6 given syskem of fopess, may e foumd
wigh anslytioally by the follawing mathods

I  Perslislogram law aof feroen, 8 Matbosl of el

.I:""’l“!’lﬁtﬂnu Law of Forces
states “If two foroes, octing #i it necualy vt
r@fm;ﬁd '!n_mﬂ!pnﬂm rimal  dFarcclion by the oo q;_';m:an# liﬂ-::'-qu;
i ‘ﬂ'm ;HEW;:;HH&:I.I weagy  be rﬂpmemd in g riiliuade cnd
trect Hago porralbelogram, L pnu O
thtir point of interasction, o A Mathematically, resultant fare - 3

B o— PG -2 oom &

wril L R — _QI“!‘I L .
PO g con &
whore F and Q@ e F-u:u—- whomns resultent is reguiced to be found
L=y 1]

# — Angle between the foroes P and @, snd
o = Angle which the sesultant foree makes with one
of the foroes (say ).

Bricgin ;m If the wogle (=) which the Fesulinnt foros mokes with tha obher

Tiaal ® = _.i-“hn. *
G4 oon 8
T,
L If & e & d.a,, when the foross ast mlong thes meones ling, then
o I T T —
B EE e OO0 iLa, whan the forces ol st wighi angle, than
B o o PR (RS Sod S o i

2. IFf 8 — 100" &.#., when the forons aot slong Lhe soeooes -Irlf;'hb Limsa
Bmal virs ppeperide olireetion thang

B o e ip cosf@imien con T8 m= —T)
i dw thia cosa, the resilitant foros will ot i@ e direction of the grestsr
.
4. IN the twa forces ere oqual o, when P o

thwn - -.,—fn_ﬂ'ﬂ_i'— /TR (1 foos &)

= J I8 B oxaa® 'ﬁ' -"(-_- 1foon @2 sost _;:,}'
= af 4P%cowt o m 2P aos ;. ;

2-1. MMMGInnm T2H". The bi
jom i.-r..q,rd'-ﬁralﬁf auisrl'lu-rdu mmdnmimmq{u lhﬂmﬂﬂtrim
Find the smaller

#ﬂﬂﬂnn
Hiwven - P o aily W ;
£ AN = 120 ;
& BT = B0
S &L JAERT,
R = L
r— 'ln-“'l

Lat - @ = Hmaller foros,




We know that
B Qein b
flen& = prQocoa b

: @ sin 120° __Qein80°
tan 30" = 5 Gcos 120° ~ 40+ (— cos 60°)

;1- L m = m = or q = 3{" H -h.-.

« ‘Example 22. Find the magnitude of the two forces, such that
if they act af right angles, their resuliant is /10 N. But if they oct af

60°, their resultant is +/ 13 N. (Bikar University, 1986)
Let P and @ = Two given forces.

First of all, consider the two forces acting at right anglea. We
know that when the angle between the two given forces is 90°, then
the resultant force (&)

. 410 = JPR@
or 10 = P24 QF ...{Bgquaring both stdes|

Similarly, when the angle between the two forces ia 60%, then
the resultant force (R)

| TE = (PP oo 60

£t 13 = P"-FQ‘*'}-EPQ}EQE weot SguArIng both sides)
= 104-PQ _.{Substituting P14-Q% = 10y
ar PQ=13-10=3
We know that (P4@) = P*+4@*42PQ = 10+6 = 16
25 PiQ = 16 =4 o)
Bimilarly (P—Qp =P+ QP—2PQ = 10—-6 =4
P—Q=1+/4=2 -..{i1)

-

Solving equations (i) and (i),
P=3Nand@Q = 1N Anms.




General Laws for the Resultant Force

The resultant force, of a given system of forces, may also be
found out by the following general laws ; -

1. Triangle law of forees. 2. Polygon law of forces.
Triangle Law of Forces

It states, “If tug Jorces acling simuliancously on particle, b
represented in mognitude and directipn by the two sides of g riangle
Iaken in order-, their resultant may b represented § : '

, i ‘
direchion by the third d1de of the triangle, taken in W mﬁﬂ ™




Polygon Law of Forces

It is an extension of 'l'rinn;_vlp Law of Forces for more than two
forces, which atates, '‘If @ number of forces acting simullaneously on
a particle, be represented in magnitude and direction, by the sides of a
polygon taken in order ; then the resultant of all these [orces may be
represented, in magnitude and direction, by“The closing side of e
polygon, taken in opposite order."

Graphical (Vector) Method for the Resultant Force

This is another name given to the method of finding out,
graphically, magnitude and direction of the resultant force by the
polygon law of forces. Tt is done as discussed below :

1. Construction of space diagram (position diagram). It means

the construction of a diagram showing the various forces
(or loads) alongwith their magnitude and lines of action.

Use of Bow's notations. All the forces in the space diagram
ave named by using the Bow’s notations. It is a convenient
method in which every force (or load) is named by two
capital letters, placed on its either 'side in the space
diagram,
3. Construction of vector diagram ( force diagram). It means
the construction of & diagram starting from a convenient
point and then go on adding all the forces vectorially one

by one (keeping in view the directions of all the forces) to
some suitable gcale,

Now the closing side of the polygon, taken in opposite order,

will give the magnituide ~of the resultant foree (to the scale) and its
direction.

bo

Example 27. A particle is acted wpon by three forces equal lo
9 N, 10 N and 13 N, along the three sides of an equilateral triangle,
taken in order. Find graphically the magnstude and direction of the
resultant forces. (Maduras University, 1985)
Solution.

0N

Y

iy
ASN
/  a
3
IN

(e) Space diagran,

o) Vector di N
Fig. 27 (e) or diagran

First of all, draw the space diagram for the given system of
forees (acting along the sides of an equilsters! txiag:glo) un{! name
the forees according to Bow’s notations ss shown in Fig. 27 (e). Tha
5 N force is named s AB, 10 N foroe as BC and 13 N force as CD.



Now draw the veotor diagram for the given system of forces as
shown in Pig, 27 (5) and aa discussed below :

L. Belect soma suitable point a and draw ab squal to 65 N to
some suitable soale and parallel to the force 4B of the
space diagram. 1

2. Through b, draw be equal to 10 N to the scale and paralle]
to the force BC of the space diagrem.

3. BSimilarly, through ¢, draw ed equal to 13 N to the acals
and parallel to the foree 0D of the apace dingiam,

4. Join ad, which gives the magnitude as well as direction
of the resultant force. ‘

5. By moasurement, we find the magnitude of the rmglt-a:mi
force is equal to 7 N and acting at an angle of 200% with
ab. Ans.

Exampl 5 e 2-8. The following forces act at @ poind @
i (i) 20 N inclined at 30° towards North of East.

{ii) 25 N towards North.
(i) 30 N tewards North West, and
(#e) 85 N inclined al 40° towards South of West.

Find th nitude and direction of the resultant force.

' e " (fiwajs University, 1986)
*Solution

South

(d) HApace diagram

(£} WVector dingran

Fig. &8

: First Pf all, ﬁr&w the space diagrnm for the given aye.-m of
forces (acting at point 0) and name the forves according to 1 w's
notations as shown in Fig. 28(a). The 20 N foree is named as FUY
the 26 N force as @R, 30 N {orve as RS and 36 N foroe ns 8T




Kow draw the vector disgram for the given system of forees 83
shown in Fig. 2-8 (B) and as discussed below :

1. Select some suitable point p and draw pg equal to 20 N to
somne suitable scale and paraliel to the forea PQ.

2. Through ¢, draw gr equal to 26 N to the scale snd porallel
to the force QR of the speee diagram.

3. Now through r, draw r3 equal 1o 30 N to the posle and
parallel to the force RS of the space diagram.

4. Similarly, throngh s, drew a¢ equal tc 36 N to the seals and
parallel to the force 8T of the space dingram.

5. Join p¢, which gives the magnitude es well aa diroction of
tha resultant foree.

. By messurement, we find that the magnitude of the
resuitant fores is equal to 456 N and acting at an angle of
132° with the horizontal i.e. HEast-West line. Ans.

219, Realation Between Mnss and Weigh?

(The term *mass’ is defined as the matter contsined in a body
whereus the term!/’w-a_ighh* is defined as the force with which & bod
is sttracted towards the centre of the earth? From the sbove
mentioped two definitions, it ie _glear that the units of mass are kg,
tonnes um} whereas the units of (weight are M, &N and kgf at'é:

It will be interesting to know that thers isan Important
relation batween the masa and weight of a body, which will be
diseussed in detail in chapter 23 of this book. But for the time being
it may be taken as ¥

HR =g =98 m e
where P =" Weight of the body in newions,
f l_nd_.__m"'ﬂ;ﬂﬂ!‘ﬂf the body in kg, and
g = Gravitational acceleration whose value | ke
. _::,,!" 8 Bumoch, ue &8 teken as
i
*_,_Eluunple 29. A machine shafi BC 15 m tong and of mass 100

Eﬁa_wm by two ropes AB and OD as shown in Fig. 2-9 given

Fig. 20
Calewlate the lensions F\ and Py in the rope A and CD.

(Leomidon L mives ity




Solution. Given : Mass of shaft = 100 kg
We know that weight of the mass
= mg = 100x98 = 950 N

Resolving the forces horizontally (i.e. along BC)and equating the
ST
-Fl vl b | ﬁﬂ'n == Flﬂﬂﬂiﬁﬂ

) 707 -
F o= %%FKF, - %-%:u:f‘-, = 1414 Fy  ..(5)

and now resolving the forces vertically,
F; sin 60°-+F, sin 45° = 980
(1-414 F,) 0-866 4 F3x 0-T07 = 880

1-93 Fy = 980
. Fy = 980/1'93=5078 N Ans.
and P, = 1414 x078=T18 N Ans.

Moment of a Force

- It is the tyrning effeet produced by a force, on'the body, on
which it acts.” The moment of & force is | | of the

force and the perpendicular distance of the point, ahout which the
Tmoment 18 required, and the line of action of the force. Mathemati-
cally, moment,

M =Pyl
where P = Force acting on the body, and

i = Perpendicular distance between rhe poiii.
‘thout which the moment is required and the
iI'IH“' l,lI' ui*““ll ”f t:h_ﬂ" fg"f'{'-




Graphical Representation of Moment
Consider a fores P repr i i nd di ion, by
& : represented, in magnitude and direction, by
El: line A_Bmm 0 be & point, about which the moment of this
BT u o be { ' . . y
in Fig. 3rfq e found out, as uhw i
From 0, draw 0O ondicular to
AR, Join 04 and OB, P

Now moment of the foree P ahout O
= PxOC = AR % 0C

But AR x0C is equal to twice the A
area of the triangle ABO. Fig. 3.1

Thus the moment of o force, sbout Fepresentation of moment
sny point, is geometrically equal to twiee the area of the triangle,
whose base js the line repressnting the fores and whose vertex 18
the pointy, about which the moment is taken.

Units of Moment

Since the moment, of a foree, is the product of force and dis-
tance, therefore the units of the moment will depend apon the units
of force and distanee. Thos, if the force is in Newton and the
distance is in metres, therefors the units of moment will be Newton-
metre (briefly written as N.m). Similerly, the units of moment may
be kN-m (1.e. kN xm), N.mm ({2, N x mm) kyfom (kgfxm) cte

4]

Types of Moments
Broadly speaking, the moments are of the following two types :
1. Clockwise moments. 2. Anticloclkwise moments.

Clockwise Moment

1__’ o 4 ! 0 . t

fﬂ'.l f..']nr:kwiﬂﬂ et “ﬁ] Anticlochwiss moments
Fig. 3.2 >
- . nt of s force, whoss effect is to turn or rotate
ihe bj;;?iﬂmﬁhﬁﬂzﬁ“ direction in which the hands of a clock move,
a8 shown in Fig. 32 ().
Anticlockwise Moment .
It is the moment of a foree, whose ;ﬁﬁﬂ ]i: t.; t;lrn ?r rotate
the bady, in the opposite direction in which the hands of a clock
S o Tlg. -

move, a8 showr 32 (8). . |
Noge. Tha Hm;nl gonwen Lion i/ S taks closkwise fhoment as posai-

tive ana mgsiolockowiss ook pe negetite.
Vdrignon's Principle of Moments (or Law of Moments)
i states,  If a number of coplanar forces are acling simultaneo-
usly om o pariicls, the algebraic sum of the moments of all the forces
ﬂbgns any poinl is equal to the moment of their resultant force abowt

the same posnt."




H’_E/ﬂunph 31. A force of 15 N iz applied perpendicular fo the
of @ door ('8 m wide as shown in Fig. 3-4 (a). Find the moment
of the force about the hinge .

15N -
ﬂ@l ﬂ@nﬂ/‘z‘r
le—oam — T e—

(@) (%)
Fig. 34

If this foree is applied at an angle of 60° to the edge of the same
door, as shown in Fig. 34 (b), find the moment of this force.
¢ (Guiarat University, 1984)

Solution. Given: P = I6N;[=08m
Moment when the force acls perpendioular to the door
We know that the moment of the force about the hinge,
= Pl = 1508 = 120 N-m Ans.
Moment when the force acls at an angle of 60° to the door

This part of the example may be solved either by finding out
the perpendicular distance between the hinge and the line of action
of the force as shown in Fig. 36 (a) or by finding out the vertical
component of the force as shown in Fig. 3-4 ().

.n ﬂm I FI JH
E-p f; O= : mrﬁ-mﬁ (7
~ f 7 8
351" 'J L-——Erx:m -—-—-]
""'.:rél
: . b
(2) niien (&)

From the geometry of Fig. 3:5 {a), we find that the perp id* :
lar distance htg'ﬂn the line of action of the foree and h:in!;;?nn ion

- Moment = 1600803 = 104 N Ans,
In the second case, we know that the vertical component of

the force
= 15 8in 60° = 16x 0806 = 130 N

" Moment = 13 <08 = 104N Auns,




Esample 32. A uniform plank ABC of wesght 30 N and Zm
WQW' af as::::.{iA ,i;.mi at a point B 14 m from A os

w‘
o 1 _
A
" ol ", ! : HH'I—J
Fig. 3-8
Find the mazimum weght W, thal can be placed at C, so that
ihe plank does not topple. ( Patna University, 1986)

Solation. Qiven: W = 30 N ; Length ABC = 2 m

. We know that weight of the plank (30 N) will act at its mid-
1t, as it is of uniform section, This point is at a distance of 1 m
from A4 or 0'4 m from B,

We also know that if the plank is not to topple, then the re-
action at A should be zero for the maximum gpﬁt at C. Now
taking moments about B and equating the sams,

4 30%04 = Wx06
30 004

# s
i, H =13
LI = i

= o6 = 20N

Law of moments

+4+— Distance 1 #+»+—— Distance? ——»

A5 pivot o~

Force 1 Force 2

When an object is balanced (in equilibrium) the sum of the clockwise moments is
equal to the sum of the anticlockwise moments.

Force 1 x its distance from pivot = Force 2 x distance from the pivot

Fidi =F>d>



COUPLE

Definition — Couple, in mechanics, pair of equal parallel forces that are opposite in direction. The only
effect of a couple is to produce or prevent the turning of a body.

- The turning effect, or moment, of a couple is measured by the product of the magnitude of
either force and the perpendicular distance between the action lines of the forces.

Hrm of a Counple

The perpendicular distancs {a), between the lines of action of
the two nqﬁmpl and opposite parnllel forces, in known as arm of the
cowple as shown-in Fig. 412

Moment of n Gouple : B
The momeni of & eouple is T

the prodoct of the foron (1.e. one Do
of the foroes of the two sgual 4—-— a
]

and opposite parallel forasm) wn
the arm of the couple. Mathe- :
matically : Fiag 413 Couple

Momant of o conple — P g
wheroe P = Force, and
a = Arm of tha coupla.
Classification of Counples

The couples may be, broadly, alassified into the following two
categories, depending upan their direction, in which the eoupls tenda
to rotate the body, on which thay aet :

I. Clockwise couple, and 2. Anticlockwise couple.
Clockwise Couple

{
n__u.,.__l“ “; . !

fr) Cloockwise conajple th]  Ancicloslewins gouple
Fig. 4-13

I

A couple, whose tendency is to rotate the body, on which it
aohE, In o “henii g Jiﬁdlr.ln, in known na & clock wine Qﬁ“p_lg.*'
shown in Fig. 413 (a). BSuch a couple iz alad called positive couples.

Anticleckwise Couple

A eoyple, whose tendeney is o rotate the body, on which it
sota, in an  asbiclockwise direction, is known  as an anticlockwise
coupls a8 shown in Fig. 413 (7. Sach a vogple is  also called a
nagebies aouple

Characieristics of a Couple

A oaufile (whelher dloaliwise or wilgolnekwiso) has he [n'llu.'n'ing
chnractarislios

1 Wl alpmbirwin swm of e fiarvms, aonstdaiting Lhe ""-""'F'h"-
M Firi



https://www.britannica.com/science/force-physics

2. Tfhﬂ algebraie sum of the ﬁamaam of the forces, constitu-
ting the couple, about any point is the same, and equsl to
the moment of the couple itself,

A couple cannot be balanced by s single force, but can be
balanced only by a couple ; but of opposite sense.

Any number of coplaner couples can be reduced to B
single _unupie. whose magnitude will be equal to the
algebraic sum of the momenta of all the couples.

e 46. A square ABCD has forces acting along ils sides
as shown in Fig. £:14. Find the values of P and Q, if the system re-
duces to a couple. Also find magnitude of the couple, if the side of the
aquare is I m, (Allahabad University, 1R85,

Solution. Given: Length of aquare = 1 m
Values of P and Q

- We know that if the system reduces to s couple, the resul-
tant foree in horizontal and vertical direc. 2

tions is zero. Therefore resolving the foreas Of e A
horizontally, .
100—100 cos 46°—P= 0 o -
S P o= 100—-100 cos 46° N
= 100—100x 070 N & 100 8
= 20-3 N Ans. ]..— A il
Mow resolving the forces Fig. 414
vertically,

200—100 sin 45°—Q = 0
Q= 200—100% 0707 = 1293 N Ams.
Magnitude of the Couple
Wa know that moment of the couple iz equal to the algebraie

sum of the moments about any corner. Therefore moment of the
eouple (taking moments about A) i

= (=200 1)4(—Pxl) = —200—-203%1 N.m

= —2393 N-m Ans.  _ Minos pign due to anticlos lowine
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