





























Q=200 N

R =400 N
o i B=400N
L

200M

R = {P? + Q" + 2PQ cos u ._"_“_",E/\

400 = /2407 + 200% + 2 240 x 200 cos (0 + ¢ )

240N
Fip: 1.8
cos (B +g) = 0.65
f +tb=4948"
l;mimw ation of resultant force with P,

= sin (0 + ¢)
P
o8 (8 + —
cos ( ¢]+Q

8§ = fan

- sin 49.46

—_—

= tan
cos 49.46 + %—ﬂ
200

=22.3%,
Elﬂinslmn of resultant with (2,
6=4946"-22.33 = 27.13.
= 2713°

~ The resultant of two forces when they act at an
right angles, their resultant is 12N. Determine the magnitude of the two forces.

Wﬁ R=14N, a=60°

r. Ri=P2+QF +2PQcos

angle of 60" is 14N. When they act al

1 142 = P2+ OF + 2PQ. cos 60"

4 Q + PQ = 196 (i)
R=I2N, =50

RZ=P? +Q?

127 = P2+ Q2. Substituting this value of P*+ Q7 in edn (i),
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Module 1 RE

1.7, Equilibrium laws.
ﬁqulill;mun-nf:! body 18 the condition in which the resultant ofall the forees and moments
1g on the body is zero. Fora two force body to be in equilibrium the forces must be equal

in magnitude, opposite in direction and must be collinear. This is the required condition for

F=0and M- 0.

Figi1.12

: For a three force body to be in equilibrivm all the three forces must be concurrent forces
The line of action of the {orces should meet at a point. This is the required condition for
M=0. 1§ the three forees are not concurrent then one of (he forees will exert o moment
gﬁd{gﬁﬁpdﬂtnfinlerﬁﬂctiull of the other two forees. Refer Fig. 1,13, The magnitude of the
@hﬁg&fnmas._shﬂuld be such that the vector stm of any two (orees must be cqual and opossite
f.mmt'ﬂ_itﬂthmc. This condition is required to satisfy F = 0. Refer Fig. 114 17 this condition
_1" ed then the three forces can be represented by the three sides of o trinngle
~ Refer Fig. 1.15
3 iy

.!-F]g. l 13 IEH. 1.14 !'”.I_ 1.15
of triangle of forces.

ree coplanar forces acting at a point are in equilibrium then they can bie represenied
ude and direction by the side of a triangle taken in the same order. Fig. 116 shows
l‘éﬁF,, F,and I, acting ara paint O, ktl'!';fl'-‘il'}b' the point in equilibrivum I_.w.l.!_l L:.‘
d F. be represented in mugnitude and direction by OA and AB as shown in FIg
clt:'iﬂlng side of the triangle, BO), represents the foree F, in both magnitude il
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| Two cables AC and BC are tied together at the point C to support a load of 500 N at €.
A and B are at a distance of 1.3m and are on the same horizontal plang. AC and BC are

© {2mand0.5m respectively. Find the tensions in the cables AC and BC.
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Fig. 122 500N Fig. 1.23 500N

ACH+BC? =122+ 05 =1.69=1.3=AB

Bince AC2 + BC? = AB?, angle ACB =90"

B +¢ =90
13 cosb =1.2
f = cos” 12 _ 562
1.3

§=90—8 =90-22.62= 67.3¢"
Applying Lami’s theorem,
500 Te o T

sin(0 +¢) sin(180-0) sin (180 —¢)

500 _  Tae S
Sn00  sin (180 - 22.62)  sin (180 — 67.38)

5 a1 =22
500 sin (180 — 2262) _ 1459 N

] gl
) sin 90
= a = 3
g, - S0en (80 0% 4 54
sin 20









































































: the equilibrium of lower roller. Resolving the forces in the direction of R

R, — 400 cos30 =0 400N

R, = 400 cos 30
=346.41N.

R,.-200-400sin30=0  Re

- R - =200+ 400 sin 30
: —400 N yan

Fig 1.87

I b i =
Wyﬁgﬂw forces in the direction of R
.

e 1.25 [KTU Jan 2016]
y smooth eylinders A and B each of diameter 400mm and weight 200N rest in a
channel having vertical walls and base width of 720mm as shown in Fig L.88.

£ 2000 3N
sin 3687

ﬁ;rf;a&huﬁzunmliy,
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P G 0 A, poiit of application

N o 5_33"@5 / of force

» “Yuditln _-J 2 .

2o e Ling of action of force F
7B
h Figl 1. 16

'.'ﬁneparpmdicu}ar to the plane containing the foree and passing through the moment
called axis of the moment. When the force is expressed in newtons (N) and the arm
in metres then the moment of force will be expressed in newton-metre (Nm). The
t of a force has not only a magnitude but also a sense. Depending upon the relative
g the force and moment centre, the moment of a force will be either clockwise ot
. elockwise. The sense of moment of a foree is taken as clockwise when the force
es or tends to rotate the arm of force in clockwise direction about the moment cenfre.
v the sense of moment of a force is taken as counter clockwise when the force
tends to rotate the arm of force in counterclockwise direction about the moment
1f a clockwise moment is taken as positive then the counter clockwise moment
taken as negative.

he moment centre, A is the point of application of force F, OB is the arm of force, 0
nation of foree Fwith horizontal. Moment of the force F about O.
M,=F x OB=F x OA sin 0.

of a force will be maximum when the line of action of the foree is perpendicular to
¢ joining the moment centre and point of application of the force. Momient of a force

 zero when, (1) the force acis at the moment centre itself and (i) when the line of
of the force passes through the moment centre.

the line of action of the force.

atle the perpendicular distance of the line of action of the force from the moment

the force by the calculated perpendicular distance.












_ 866
Sin o

P

minimum, sin ¢ should be maximum | gy this o should be 90°
P=866 N

o the forces along AC,

.‘jéf‘,"ﬁmsa —W cosfi=0
R, = 866 cos 90 +1000 cas 60

=500 N
n's theorem of moments.

of force F. d, and d, are the arm of forces of F, and F, respectively. Sum of
of the components F, and F, about O is F d + F,d,. Itis to be proved that Fxd=
F, x d,.

4 0. Draw a line through A and perpendicularto OA. Let AG AJ and AE be the
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Fig: 1121

|35N

b 25N

\ .-'Jf 20N

\ il -
'\L 7 ﬁu/ﬂ‘,/
60%055 30° 15N

0
Fig.1.122

%ﬁugthz forces along y axis,
X F =0+ 20sin30+25sin 60 + 35 +45 sin 60=105.62 N

Resultant, R = (X F’ + IF’

1 — 4/22.32% + 105.62*

=107.95N Y|

‘I
%ﬁ resultant with horizontal, |
F
1

5 r. i
f = tan”’ }——"— ¥
3 F,
u 1
, 105.62 P X
22.32 Fig. 1123
= 7R.07°

out A is equal to the

3 to Verignon's principle, sum of moment of the forces ab






