1.A.Define force & write its unit.

Force is defined as an external agent which changes either state of rest or state of motion of
a body.

Unit: SI-Newton (N)
CGS-Dyne
B. Define coplanar & concurrent force.

Co-planer forces :

It is defined as lines of action of forces lie on the same plane, known as co-planer
force.
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e.g : The lines of action of forces F|, F,and F' lie
on the same plane.
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Hence these forces are called co-planar forces. VF

3
Concurrent forces :

It is defined as lines of action of forces pass through the common point, known

as concurrent forces.

e.g. - The lines of action of forces F,, F,, F, F,
pass through the common point ‘o’. Hence
they are called con-current forces.

c.State principle of transmissibility.

The principle states that “The condition of equilibrium or motion of a regid
body will not be charged if a force acting on a body at a certain point is re-
placed by a force of same magnitide and same direction but applied at a
different point provided the two forces act along the same straight line”.




D.Define free body diagram & rigid body.

Free Body Diagram may be drawn jfor the single body or for a sub system or for
whose structure irrespective of whether the system is in equilibrium or not. All
the internal as well as external forces must be taken into consideration.

A body i$ said 10 be rigid if i does not undergo deformation whatever lorce may be applied to
the body. In actual practice, there is no body which can be said o be ngd in true sense of
lerms

E.State triangle law of forces.

Srarement © ff two forces acting simultanceousiy on a body, be represented
irr magnitude and direction by hwo sides of a rriangle take in order their reswultant
may be represented in magnitude and directin by the third of side of the tringle
talken in opposite order:
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f.State polygon law of forces.
POLYGON LAW OF FORCES

It is an extension of Trangle Law of Forces for more than two forces, which stales, "Il a
number of forces acting simuitaneously on a parucle, be represented in magnitude and
direction, by the sides of a polygon taken in order then the resultant of all these forces may be
represented, in magnitude and direction, by the closing side of the polygon, taken in opposite
order.”

Define moment of a force and write its units.

Moment of a force about a point may be defined as the turning effect of the force
about that point.

Moment of the force is expressed as the product of the force and the perpendiculr
distance of the point, about which the moment is to be jound.

Mathemeticall,
Where, I = Force acting on the body

L = Perpendicular distance berween the point, about which the moment
is to be found out.

Units - In ST — N-m or N-mm
In C.GS = dvne - Cm

Clockwise moments are +ve moments

Anticlockwise moments are -ve moments




2.3

Example 1.7.The following forces act at a point :

(1) 20 N inciined at 30" 1owards North of East,

(1) 25 N towards North,

(ni) 30 N towards North West, and

(iv) 35 N inciined at 40* towards South of West

Find the magnitude and direction of the resu'tant force

Sofution.The system of given forces is shown in Fig 1.26
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Magnitude of the resuftant force
Resolving a!l the forces honizontally /e . along East-West line,

IH=20¢0s 30°+ 25¢c0s 90° + 30 cos 135° + 35¢c0s 220* N
=(20x0866)+(25x0)+30 (-0707)+35(-0766) N
=-307N ..(}
and now resolving all the forces vertically Ji.e., along North-South line,
ZV =20 sin 30" + 25 sin 90" + 30 sin 135" + 35 sin 220° N
=(20x05)+(25x10) +(30x0.707) + 35 (— 06428) N
=337N ..(#
We know that magnitude of the resultant force,
R=J(ZH) + (EV)? = J(=307)° + (33.7) =456 N Ans.
Direction of the resultant force
Let 6 = Angle, which the resultant force makes with the East.
We know that,
tan0) = IV/EH = 33.7/-30.7 = -1.098 or 0 =477
Since IHis negative and I Vis positive, therelore resuitant lies between 90° and 180°. Thus
actua angle of the resultant = 180" — 47 .7° = 132.3" Ans.

2.b.i.

T forcey are acilag of an arle of T200. The greaser foree (s 40N and thae resnl-
arr s acting ar 20 po e smerller force. Find the maguinede of the smaller foree 7

Here, © = JNF
ax =W
a o= I . W - 3
= J0N

g=7

-

0 = N




2.c State and proof Varignon’s therem.

VARIGNON'S THECREM

Vangnon's thecrem siales that the aloetrac sum of the moment. two forces about any point In
their plane S ogual to the moment of the, resutant abcut the save pont




Let P and Q be any two dorcos actng at a pont O akng knes OX and OY respecively and let D
bo any point in thew place a5 shown i Fig 1 44

Une DC 1s drawn paraliel %0 OX to maet OY at B Let n some sustable scae, kne 0B represent
the force Q in magnaiudo and drection and lot » the same scalo, OA roprasant the oeca P in
magniude and drecton

With OA and 08 a3 the adacent sdes, paraielogram CACE s compieted and OC is joned Let
R be the resutant of forces P and Q. Then, accorcing to the “Thecrem of paratelogram of
forces”. R is represented in magniude and deecton by the dagonal OC of the paralelogram
CACS.

The pont D s joned wih ponts O and A The moments of P, Q 2 R sbout D are grven by 2 x
area of AA0D. 2 x area of JOBD and 2 x wvea of HOCD respecavely

With refecenca 1o Fig1 44{a), the pant D 8 oursde the <A0B and the moments of P, Q and R
atout D are al anticiockmss and honce these moments are troaked as +ve

Now, the aigebrac sum of the moments of P and O about
D » 20AC0 + 20080
= 2 (BACO + HOBD|
= 2 (BACC + HOBD] (See note beiow)
= 2 |80BC + HOBD|
= 240C0 = Moment of R aout D
{Note. As AOC and AQD arg on the same 2as2 ang hawe 1he same aitlude AA00 = JOBC,
Agan, As ACC and 0BC have 0wl bases and equal alttuces. 4A0C = 408C)

With refierence 1o Fig 1.44 (b), the pont D s wihin the <AOB and the moments of P, O and R
about D are respectively ant-clockmss, clockwse and anti-Clockwise.

Now, the aigebrac sum of the foeces P and O about

D = 28A00-2 SOBD » 2 (AA0D-L080)» 2 (AADC- HOBD)»2(408C - A08D)
= 200C0 = Moment of R sbout D

Case (ii) : When the forces are paraiiel
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Fig 1 45

Let F and O bo any heo bop pasrailed forces [ie e paralie] lonoes whose Bes of achon ane
parailad and which 301 in the sams sansalk and O ba By posst Bn Lhesr plana.

L=t R b the resullond of P arsd O
Thaes, RePel

Fram 0, e OWCH = drasn parpondicouiar o e bies of acton of dorces P O and B
b sgatineg Thaem o &, B and O respaoctesilhy a5 shosn in Fag 1 405

Morw, Bigebeisc sum of the rmorrsents of P e OF et O
= Proc O e o8 oo (80

= P ox POC - AC| + 0 = (DS = BE)

=FolE - Pals O+ Ox BE

Bl P = AL = O = (BT

Sigebraikc sum of e moments of F and O about O

w FooTH e

] P | e P = Morman of R st O

In cass of undien paralid fonces. ko il can be prrsed ot the algebesec sum of the maments of
tees unbiba paraiel foscos (0. T lorces whoss bnes of acton ans pasailbed bod whech acl =
rEwverss Senses] sbout amy poin in theer places i sgual 10 the recament ol Sees nesuker about the
EEITHE Ol



