Ans: Beyond 2000 (statics-moment)
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& rule of thumb; If an object i in squilibrium, o
closed loop can be formed by joining all the farce-
vectors tip-to-tall.
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This is nol diffieult o understand: Suppose thers
are N forces acting on an objoct. When (N-1} of
these force-vectors are added, Ihe vector sum is a

ingle resullant force R, In order to balance this

Thus, a closed loop is formed by joining all these
forces and their vector sum is zefo.

) o

In the first diagram, the three forces balance. It is
cloar that when the 5 N is removed, the resultan is

S

NB. Beside lhe requirement thal the force-vectors
should form a closed loop, another
requirement for equilibrium is that the forces
are concurrent.




[image: image2.png](o} The resultont fores is.
Ri=16-12=4N in tha direction of the
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By simple geometry.

Ry =122 16 =20N
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Alteractive Method:
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From the 2nd diagram, by cosine rule, the
resultant force is

Ry = {125+ 16 ~2x 1216 xcos 45

=1L3N

H you are not familiax with cosine rule, you
can find the magnitude of Ry Observe that
F; is the hypotenuse of o right angled

triangle with sides 12 sin 45" and
16 - 12 cos 45"

onsider forces horizontally

and vertically tn the first diagram:

Fy=12c0s 45" -16=-75N
E =12sin 45" =849 N

JE+ B

R.

13N





[image: image4.png]“Uonslder forces horizontally and vertically:
£y =370sin 50" =283 N
{5, =450+370cos 50° = 688 N
The direction of the resultant forcs is given by
=224"
The direction of motion is N 22° E.

N.B. Usually, the di
from the  dire
motion. In this que
unidirectional and we assume Ihe block is

itially al rest. Thus, the block moves in the
izection of the resultant force.

of force.

of motion is different
g. Circular
tion. the resultant force is
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sule, the weight and the applied force. Th
balance sach other and the resultan! force is
zer0,

1n Fig.b, there are two downward forces, W

and F, and cnly one upward force, F,. For
squilibrium, Fy=F+W. Thus, F, is the

greatest.
‘Taking moment about the st finger,

Rh=wi.

Clearly <k, _Thus, W <F,.
Wo conclude that W < <




[image: image6.png]Since the melre rule is uniform, its weight acts at
the 50 em mark. The diagram below shows gli the
foeces acting on the rule.

1N

For equilibrium, the moment about the pivot s
zer0. The weigh! is given by
Wx02=14x03

W=21N




[image: image7.png]The force on the front shakt is W/2 and that
on each roar shatt is W/, Let x be the
distance of the C.G. from the front shatt,
Taking moment about the C.G.. we have

x13-0+ 2 <050

= z=70m
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Note that the reaction force on each shait
has two components, the normal reacton
and the friction.

Let the total riction be £ The moment dus to
friction about the C.G. is f ¥ anti-clockwiss.
Since the total moment must be zero for
equilibrium, we have

Rx=Rx(13-2)+ R, x(15-2) + fy

As, the slops increas
A will also increase. Thus, the rec
on the front shat. which is the resultant of #
and part of £ will increase.
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Alternatively, consider the diagram. The
distance of separation of the front shaft from
the weight is less than belors. In order to
have zero moment about the C.G. as bsfore,
the reaction force on the front shail must be
grealer than before.

The tension T, at P must batance the total
woight of the chain and the object.

Thus, Tp =10+20=30N

The tension T, ot Q just balances the
weight of the object. . Ty =20 N

The tension T} mid-way beiween PQ must
balance Ihe total waight below it.
5 Ty =5+20=25N




[image: image10.png]Assume the man walks to the right side through
ance x. The tesion of the right string
increases. Suppose the right string is about to
break, its teasion is 650 N. In order to balance the
downward force tweight of man 800 N and weight
of beam 100 N), the tension in the left string is
T=800+100-650=250N.

2500 2m x il

100N soon





[image: image11.png]Taking moment about the C.G. of the beam,
2x 500+ x 800 =2 x 650
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10m

10N SN

The shortest distance of P from the line of
action of the tension T s

s=1xsin30°=05m.

Taking moment about P, we have
05T=05x10+1x50

10N
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The vetical comporent of T is
T, =T'sin 30° =110 x 5in 30" = 55 N

The total dowawerd force F, includes the
weights of Ihs rod {10N} and the block
(SO N). Thus, F =10+ 50=60 N

Note that the sum of the weights of the rod
and the block is gredter than that provided
by the tension. The ouly possible balance
condition is that the vertical companent of
the reaction R from the hiage P provides the
rost of the upward force (5 K.

The hotizontal and vertical components of
the recction rom the hinge are

Ry =T c0s30° =110.cos 30° = 953N
Ry=F,=5N

~ R=yR;+R} =954=95N and

By 5 gem
ano= =gy 0<%

Thus, A acls at an angle of 3° above the
horizontal.
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It is clear that the plank exerts o downward
inelined forcs along the strul. Thersfore, the force
7 on the plank from the sirut acts upward along
the strut. As the plank is pulled to the righl, the
force R on the plank near the hinge must bs to the
Iskt. Let's assume that A also acts upward.




[image: image14.png](@} Taking moment about ihe hinge,
%xmo:lsinw“xT
s T=200kN
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The vertical and horizontal forces from the
hinge on the plazk ore

Ry =T cos 30" =173 kN
Ry =200-T'sin 30" =100 kN

- R=4R%

Ry _173
0= R, =10

The reaction from the hinge acts at an angle
of B0° to the vertical.

200 N

The 18l diagram shows all the forces acting on the
pulley which is weighlless).

ta)
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By symmetry, PQ should e along a line mid-
way between the two tensions. Hence, PQ
inclines at an angle 30° to the vertical.

Consider the 2nd diogram which represents
an equifibrium condition. The magnitude of
Tis

T=2x200c0s30° =346 N
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Resclving forcos on the load horizontally
‘and vertically, we have

{T c0s 45" =

1)

7 sin 457 =1000 (2)

- Tension along PQ s T= 414N

 Tension along RS is R =1000 N
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From the first diagram,
!
nf=—r =266"
2 26
Resoclving the forces again, we have
T c03 266" =
17 sin 266" = 1000

* Tension along PQ1is T'=

- Tension along RS is R’

000 N




[image: image18.png]From the diagram, f= 1 cos 30° = 0866 m
(@) Taking moment about K, we have

W 0866 =(05 +02) x 50

@) The minimum force £ should be applied as
shown:




[image: image19.png]Taking moment about K again, we have

4040866 =(1+02)x F
F=2902N




