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REPRESENTATION OF AFORCE BY ASTRAIGHT LINE
When a force acls on a body, the following thu
(1) its magnitude.
(12) s direction
(111) its puint of application

Since a straight line has both magnitude and direction, therefore, a force can be con Ly
represented by a straight hine equal in length to the mag

Thus a force can completely be represented by a straigh
line PQ in magnitude and direction as shown in fig. 1, where P

5 = oot

is Lthe point n]‘"ilppht';iliun and PQ represents the line of action

} | !
and direction from I to Q. QP giwves the opposite direction S @-_é

from () to V’ f&




EQUILIBRIUM OF TWO FORCES

T'wo forces acting on a body are in equilibrium if they

t) areequal tn magnitude
et ot i S

'.f-:'. ) act HEIH.*.T;E the SsUnme f'.' Tl
B —
(L) are tn opposite direction.

The converse 1s also true which states that. if two forces actir
equilibrium, they must be equal in magnitude and act along the same




PRINCIPLE OF INDEPENDENCE OF FORCES

Newton’s second law of motion states -

The rate of change of momentum is di rect(y proportional to the impressed for

L

place in the direction of the force”.

The second part of the law reads : “Each force, acting on a body. produces an
own direction, irrespective of the presence of other forces.

This 1s known as the Principle of Independence of Forces




PRINCIPLE OF TRANSMISSIBILITY OF FORCES
Statement. A force acting at any point of a rigud body may /
other pointin its line of action provided this latter point s etther on

r",l.fi'.-{fh' connected with the hody.

Proof. lLet a force F act at a point A of a rigid
body along the line AX. Take an} point B on the line AX
and introduce two equal and opposite forces each equal
to F at B, one along BA and the other along BX. The
force F acting at A along AB and F at B along BA, being
equul. opposite and along the same line of action,

neutralise each other and we are left with the force I

acting at B along BX

Hence. the force I' at A has been replaced by a

force I at an) gther point B on 11s line of action

Hj]ln,& - ‘-f'".iﬂ 'r';n‘-. olorees

From the above principle 1t
A and B on a body

Fl and F__, act at two different poinis A
respnctively along the line: intersecting at a point O,
then this point may be take
of both the forces F, and I,

n as te poml of application




CLASSIFICATION OF FORCES

There are three different types under which a force may
be classified, viz. :

(1) Action and reaction

(i1) Attraction and repulsion

(111) Tension and thrust

g f e
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Ti) Action and Reaction. Newton's third law of motion states
Wy ET}'I *'LH'}'I HTI]F'T. £ ACTH

ap equal and opposite reaction.”"Whenever two bodies are in contacl
exeris a force on the other at the point of contact. By action is meant the force exerted by on
body on the other and by reaction 18 meant the force exerted by the second body on the firs
These forces are equal in magnitude but gpposite in direction and act on different podies

d g

The direction of these two_forces depends upon
the nature of surfaces 1n contact. For example, when a "1
[vl i

mass m 1s placed on the table, the_mass presses the
table With a force mg downwards, while the tahle presses
the mass with a force R upwards and R = mg. Both R
and mg act along the common normal in opposite

directions.




(1) :\lll'm*liun and I{l‘PUIsion. Attraction or repuision I8 the force exerted by one ood'
|

.|I'-. |{|

on another without any visible or tangible means and without the bodies being necessar

contact. Ifthe two bodies approach or tend to approach each other, the force 1s called an aft

and the force is called repulsion when the bodies move away or tend to separat:
gravitational pull of the earth towards its centre and the force between two like MAENELIC POles
are the exaniples of attraction and repulsion respectively
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(ifi) Tension and Thrust. When a body 18
'1i'|’l""‘l l!zl:-'n[:_{';'l a 211n

i loroe 15 oxerted Such a loTee

siring or rod,
L:l“l't! FErSEcHr

oried by A legrit rnexiett ble string 1S the sanit
For example. it & weight W s ‘»‘.IH;II‘]HH"I. i

The lorce ex

t hroughout 1Ls length
s balancoi

LI

and the other end 18 attached to o Spru

reading W, whalever be the point o

one end ol a ightl string
the balance will give the same

which the balance 15 atiad hed
T in the string at all poin?

__”1.|; ”il.' -.'.1q|g1=-|'. \

Lot A be the support and the tension
be equal to W, The string pulls the weight upards

;."ru:-.rn. |.'.H."H
e Li!!'t*lt]a'ln Ih;ii:n—'.‘.’l-' Ly T]1r-

Thus the tension in a strnng acts i
Similarly, the tension 1n o light string passing over a smooth p

L :HIL:Tn.--.JT 1L !L*I‘I_E_:I b

In fig. 6, a light string supporting a weight W is passing o
. _ By Pt r“ll'r : 2 ) N . -
required to support the weight 1s equal to W, the tension T in the st L OO pulley; thy

and acts alnng the string in the inward directionand P=T W FINE 1S Lthe sam N A




.H. l?:n-.-'m'm'. the string is knotted at
tensions in the string will not.

Thrust. When

dally Hf' ih ;mmh LO othel Lring |
> . o
In general, be the same in different portions ol |

a light rod is used to exert a pull, it behaves in the same way as a

string. However, when the rod is used to exert a push, the forces experienced by the hand and
body are directed towards the body and the hand and not away from them

Hence, the thrust in a rod acts always in a direction

convergingto the body-under consideration and is along
the rod.

Thus, if a rod AB is used to push the body at A by
the application of a force P at B, the thrusts are as shown
in fig. 7.




TENSION IN AN ELASTIC STRING

j o = g Vo aolhis on . ivil-uns i - "

When one.end of an e'astic st Ing (or spring) s fixed and a weight | |
then the string extends in length. The tension, in this case, is governed by Hooke's Law
which states :

“The tension in an elastic string s proportional to the extenston of |
original length.”

A

T

Thus T=A.

where v = extension in the string bevond its original length.

[ = original length of the string
and ). the constant, 1s known as the coefficient of Young's modulus o
upon the nature of the string.

Qtll_': Ifx=/( then T = A

Thus the modulus of elasticity is equal to the tension which extends |

its original length.




1.1. RESULTANT AND COMPONENTS

If two-ar_more forces act upon a rigid body and if a single force can b
ff)‘f“’ff f.-'f it hﬁﬂﬂ HH‘ J?Ud‘;' s the same as that of all the }':H‘H S ?‘rfrﬂt L toge ther - - :
H(HHFU’ ffh-_ rﬂbu_[tdﬂtnf the ff*frmmru qu‘ gioe f*j.”lfq;‘ﬂr. mselves are called t components

r.JfHuR resultant force.
Forces are said to be iy equilibrium Jf there is no resultant force.

Note. When we say that forces are acting on a particle,.it 1s meant that the forces a




1.2. PARALLELOGRAM LAW OF FORCES

!,r‘ Lwo forces, acting at a point, be ri ,”n'"'-ﬂ'r’-'?'1'~'fl
ﬂdf[“';_*”f ,ﬁ.';.ff{ N t_rf (1 ;Juruf,ﬁ .'T”;_“.M;.HH fﬂrJF'Hn'.lf.f[J f'r4'|":.lr}.rf:f q’,'fuj,.'ll.'}r’h'H;"JH.H_ ”.“ iy I ultant u
FL’!JF{'.#L'H.'{'H' by the diagonal of the parallelogram through that point

I r []
Lll:l -‘-:

Thus if two forces P and Q acting at a point O be
represented in magnitude and direction by the sides OA
and OB of the parallelogram OACB, then their resultant
R is completely represented by the diagonal OC.

In vector notation, this law may be written as :

.~ —)> » »
OA + OB = OC /

Remark. If the diagonals of the parallelogram meet 1n
“ M. then M is the middle point of OC. The

resultant R is represented by 20M. In vector
notation*it can be written as :

]

* ]
OA +0B=20M -




Magnitude and Direction of the Resultants

i et the two given forces PP and Q acting at an angle « be represented 11
{ E s & , . 212 . l I . . 1
'rection by OA and OB respectively. Complete the parallelogram OACE, then
IS Troen TS 5 " . ' ¥ ; - '

presented in magnitude and direction by the diagonal OC.

R=P?iQ%2PQ cos a |

[{ & be the angle which the resultant makes with OA, then

Q sin o

)
P 4 (I COS (1

0=tan!




Cor. 1. If ¢ be the angle which the resultant makes with OB, then

P:iil’l 1

tan ¢ = :
Q + P cos a
: _ : e = ther
Cor. 2. If the two forces P and Q are perpendicular to one another t.e., o= —, Len
R= |P* s 2PQ cos i
_— \l +Q L ()} o
ittt
2 Sin
fooanisa s 2 ¥ Q
R=JyP*+Q and tant = e P

P + Q cos }
& - =
3 Fres 2 O +9°Xs) sas ¥
53 S 2 Lar 8 ( _5Lho;,mw"

¥ X < | Co -
P+Qcon . WG(J_ﬂ/ 3
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Cor 5. Maxi;num Value of the Resultant
RZ = P2+ Q* + 2 PQ cos @

We have
aximum. But maximum alue

. 01
From (1). R 1s maximum when cos a 1s m
Le..whena=10

RZ=P2+Q2+2PQ=(P+QF

=

R=P + Q.

r':,'i"'. (L

Hence, the resultant of two forces acting at a point 1s maxumum when |

direction and 1s equal to their sum.

Cor. 6. Minimum Value of the Resultant

We have R? = P% + Q“ + 2P( cos «

From (1). R is minimum when cos « is minimum. But minimum value of cos o
e, a= 180"

RE=P:+Q*+2PQ(-1)
(P- Q)
R=P-Q

Ill‘ﬂl.‘l.‘. the !'f‘h‘fh"f{HIf t!}'TIUH ﬁlri‘t’b‘ {H_‘ffﬂg at a pt'l”if LS minimum w .i’n'.'g thev et IN onnostt
: . . . . i) Wl M} SLLA
directions and is equal to their difference acting in the direction of the greater force




Example 2. Two forces P and 2P act on a particle. If the first be doubled and |
be increased by 10 kg.wt., the direction of the resultant 1s u naltered. Find the va

Solution. Let o be the angle between the forces P and 2P and 0 be the angls
resultant makes with P.

fomo > Qoinx p—> 2f
- P+d}mbﬂk — = Q+lo

Jane - (Q+2) Sth < —@ .

2P +(8+1°) Cop=x o
&0 ¢« R | p

o o= _ (Rt v S

P Qlerx 2¢+(QHY AT o

\ u"“( X - -~
G20 = 20 (ar+ Grngems) = )0 cca) [ (Pt

GI"M 2 4pry /Ad+ 2.»/ JPHDP.J—M'?M




Example 3. The greatest and least resultants of two forces are of magnitu
respectively. Show that when they act at an angle 0, their resultant is of magnitud

J

5 (P_}ﬁﬁ(?}i 2 \P+

QJ(P'Q) CopG—
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Example 5. The resultant of two forces P and Q is of magnitude Q. Sh
Q be doubled, P remaining the same

o, the new resultant will be at right ang!

magnitude will be \."-I{QE P< .

L fanf&» > f é/q =) ': (’-H}. AJPQGO))R

C e o 3 a ng,f
R =G &ur R=§ 9{ mﬁmﬁg&
6209 5 gleyfrersen | T -®©

) P2 2P s & ) &@ Hroi= = ©,=5%
2 (P_}qu.\ﬁﬂ"b

=) (P+zqcasﬂ ~%/@P To_fod ot reatlr

Y \
ﬂc‘-’”&”“ﬂ b @“"a 5 ——— <9 fi‘: J Pt @G)L—P 2 P(2g) Cor ™
Lk ﬁi LE n o TﬂSUJJtGM} é( @ %) o C{hﬂ« :J

MQ&L'EJF{'“”H\P ¢l —3




Example 6. Two forces P+ Q and P - & make an angle 2o with one another and thet

-

resultant makes an angle 0 with the bisector of the angle between them. Show that

Ptan 6 = Q tan o

Z\;{f (_’M (x-0)= (P-8)snZ=
(Prg) +0-8) Cos 2=

k) ””"5“:’“‘* AT

Sin 2008 cn e gun LCR
BcC 0 C O & >
S Sin ('=4'—-<9) Sin(1go—2%) _ s (¢10
P g R P“SJ =120 — ((180-2=) —(-6)
Cf"'f’m‘ﬂ O 4Q frackm .  sthix-g) _ Lo — o +2t—4+Q
L"“’Q)@""“‘“* O-~Codaesing) 2 @’-Wswcomij ) = SOLG

o) F'l"m@'-' Q%‘F CD ('03




Example 7. If the greatest possible resultant of two forces P and Q is n times

show that the angle between them when their resultant is half of their sum is cos

478 >”"?"W‘?

P48 = nP-nQ
P=n) = —(t+v)
P = Got)) ]

=
New &;

P +q _urd’)mnm XUV

L..-@ ca.[]l_lkm

D

E;

LP-F@)?: P4Q _H,PC? Cor = -
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1.4. RESOLUTION OF A GIVEN FORCE IN TWO GIVEN DIRECTIONS

Resolution of forces is the converse of the composition of forces. When a force 1s gn

are to find the component forces in given directions. GGiven a resultant force in magnitude and

direction, we can resolve it IIllH‘[‘-'-’IhHHH[HII]L'I"I[H]H an infinite number of w AVS, ¢ SiNce on a g

line as diagonal an infinite number of parallelograms can be constr mh d ﬂrF/Dblyj 5‘*\”’/?““

1.5. COMPONENTS OF A GIVEN FORCE IN TWO GIVEN DIRE(‘TIONSGL"F sinl  Stn ((8e

et I be the given force represented in magnitude 2 P~ Sih ] @

and direction by OC and let OX, OY be the given LSLW('W-IV

directions mukmg angles a, [ respecti ely with OC along

Whith L‘i'rl]llllll‘ll'nlﬁ are Lo be found

Through C, draw CA and CB parallel to OY and
OX respectively to meet OX and OY in A and B. Then
OACHE is a parallelogram and OA, OB are the required
. \ o _ q:;h
f:umpurmnts of the force F in magmtude and direction - @‘1 |

Now, AC is equal to and parallel to OB 1.5 O(+F 9o -
Thus, both represent the same force in magnitude and direction @ f—gn—]{ Go— F)-“




A = ZCOB= P
Now.in AOAC, ZAOC=a, « OCA = £L

JOAC =1 — (o0 + P

| | q. we have
From AOAC, by using sine formula, we ha

:ﬁin 2 OCA sin 2~ AOC

OA AC A
7 — ain 2 CAO

OA A B

5110 [_7- :-Zin (it

OB

Sin O sin (o + |

i I}_ and OB =

sin (a + [3)

. e —

: : : : F < sine (other rle)
In words :|Components in any direction = angle

\

sine (sum of angles)

Note. By other angle we mean the angle which the other direction makes with th
L i EhA . N 11 | 1--,.:Ir-'-"'




1.6. RESOLVED PARTS OF A GIVEN FORCE

Definition. If a force be resolved into two components, which are at right a-

other, then these components are called the resolved parts of the force.

.. Resolved part of a force in any direction

= f'::'_r_f__qp x cosine of the angle which the force makes with that direction
L

Cor 1. The resolved part of a force F in its own direction

I cos ()

Cor 2. The resolved part of a force F in a direction perpend

dicular to
I'.||;-=, il )

Hence a force cannot produce any effect in a direct

Cor 3. The resolved part of a given force F in g given diry

of the force in that direction.




Example 2. The resultant of two forces P and @ is R. The resolved pari
is of magnitude Q. Show that the angle between the forces s

direction of P

Lt @ bfw A vcey P A i X,
e dfe T e T A dic
C Giron K o n muquné) 5 |

;(Lf, P+ @Q'—sz’q Copx
Resslves part R in Hue olarectim )

U ¢
«Jf p = RcCor® | F){w .}ﬁmﬂ;ﬁ

d T@ R Cop® :y 1@ - LJ?E@'L’@
Q

0069\:% , E_G:_/f
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Example 3. Two forces P and @, acting on a particle are inclined at the angle 6. If
of their resolved parts in a certain direction be X and that along a perpendicular direction ! e

prove that

[ “E: _: v

H = cos

Mndl‘b-i:‘uﬂl'ah mnd&bji’

‘(@_sﬂutd r‘«l' P aLuhj 0 - feob %
Resihes! park of § odory 0F = Gean(tre)]
%ﬂued i'uak 0"[ P ﬁb*j oR = P Cop (9o~ Psomt |[5) Kz“"T

Restbved past of Q@ absly 66 = § cor(90-f )

ﬂ—j—q;_ = {:mm{-p-q cn,g(uq-e)_;@q{bﬁ) ] =

_: s e Psinot+ Qsin @:@) ‘@
O+H&) = 5%yt P olurgias () + 2Papcaskid)
4 plstiait @ sint(ectB)F 2PQ st aiivie)







1.Z-TRIANGLE LAW OF FORCES

_ Iffﬁrﬂi?.fﬂf?f'ﬂ, acting at a poinlt, be represented in magnitude and direction by the
sides of a triangle, (taken in order), then the forces are in equilibrium.

/ §

A = SpP3

= e ios

()_t.f'K =0

= fﬂ-gr(‘%r _ R,
AD 180 — r‘jrf

Iftwﬂ forces, acting at a point, be represented in Hfzugm'tudy and dn'r'-:*r_n_we by two sides -
triangle taken in order, their resultant is represented in magnitude and direction Dy the third
side taken in the opposite order.

M. It should be noted that the forces must act at a point and they are represented by the sides of the
triangle in magnitude and direction only and not in the line of action

Hence the triangle law of forces can also be stated as :

0o sides quu'




1.8. CONVERSE OF THE TRIANGLE LAW OF FORCES

If three forces acting at a point be in equilibrium, they can be represented by th

sides (taken in order) of any triangle which is drawn so as to have its sides respectively
parallel to the directions of the forces.




The resultant of two forces acting at a point O in direction OA and O5 and
represented in magnitude by ). .OA and . .OB is represented by (). + ). 0C, where €
point in AB such that +..CA = .CB. — i

Proof. Let the two given forces 2. 0OA and p OB
act at the point O in the direction OA and OB

respect ivel h
Take a point C on AB such that . CA =p CB

From the AOAC, by the tnangle law of forces, using
vector notation, we have

Similarly, from AOCE,
w. OB

Adding (1) and (2), we have

» —p
LLOA + 0. 0OB

Hence the result

Cor. 1. The resultant of two forces OA and OR
point of AB.




Example 1. If D and E are the middle points of the sides AB and AC of a triangle AB
prove that the resultant of the forces represented by BE and DC s represented itn magniti

. 3
and direction by — BC.
9




9. Find a point O inside a quadrilateral ABCD such that if a particle placed at 1

'Y |

{' < l : ] ’ . ' .

{ pfji:iﬁr ?ﬂ' forces represented by OA, OB, OC, OD, it will be in equilibrium
e act . . e :

Afb 0 de &hj U;i‘iwf' nwide t.luﬁu ﬂbﬁp &7

I LS assume E ard F ar wad ]wn‘u)
BT hE K cCD TEQfEOEdeZ. ‘T{J— @
Lk |

Cr' (& ol ]m,‘ub ”f E EH-*PEE?*UC"'UJ
el =

jﬂ a GJ_G..’___.,/ Lj _
moA - Aok = (A+r) oF
=) l.ﬂ«ﬂ-l.ﬁ z -{E:_E?- —® gmcx =Y f’_ﬂ""%o L;EF




l:t .lm - -
. T I]l[‘ . JI‘:,T -F-IH‘ » -y 8o o A . e
f xl;!t— IF?? fiﬁ ;}{}r _FE r:ﬁ: {-‘}f r;If'* (fffi‘:[;r{}rfuzs -"'Ii (_‘ (‘I!?rf B!) {};lf. r ‘I' =jl II'-!I f .|' I ‘f IJ.- ] I|'I IJ 'r "l =i / 1

!f(; (S ;j“ 1711 1’_ . .Y T
a-pownt of EF, show that the forces represented by GA, GB, GC, G are in equul :

@&n a__ﬁ_j"- p 57 A-d Jhoover .

LGRS 1L.GC= (+)Ge
D Gr+ac= 26 —O




# {. L = - - r - . )
b ___j:r,\dmplp 6. A transversal cuts the lines of action of three concurrent forces P, Q, K
M, N respectively. If R is the resultant of P and @, show that

P QAR
OL OM ON

where O is the point of concurrence of the forces.




1.11. LAMI'S THEOREM

Statement. If three coplanar forces acting at a point are in equilibrium, then
each is proportional to the sine of the angle between the other two. (M.D.U. 2010)

—

S]F\f ){J}

1.12. CONVERSE OF LAMI'S THEOREM

If three coplanar forces acting at a point be such that each is proportional to the
sine of the angle between the directions of the other two, the forces are in equilibrium.



Example 2. Find the greatest weight which can be supported by two li ght strings n
angles 60° and 45° with the vertical; it being known that either string will [”-{:-”;-I
tension of W kg. wt. L







Example 3. Three forces P, @, R acting at a point O are in equtlibrium and the angli

between P and Q'is double the angle between P and R. Show that R° = Q (Q - P) (K.U. 2010)

Py
1 . g B
Gin (3Ge-3%) 8N St
- gind X N s%{m
_ _(‘SSLH‘-{—*'{SEHQR) . Q: i K
] GlvioL : 7 QGMG{C&A&
P = —*3q-|' l‘quiht&( s LQ\@’}Q{ ~ l)
_ — oA 3 2L YR
P,.}g.q - !-1())& mbn-d) f+38 %K%?_ " 3

P38 = uq (- &) g (+20)= YR 2 A =828







Example 4. AB and AC are two strings 9 m. and 12 m. long attached to pegs B and (

a horizontal distance 15 m apart. Find the tensions in the strings when a werght of 10 kg ;
suspen d ed ﬂ"r} m A.

@) Loenils  Heorem, wmﬂ' 60'3“"'“??:%
o _ T e

Sin g S(I8e=%)  gin(Jo+¥)

-I—E: j_ o l‘ S =T = P =25
b Con Cop < = UDHG) (1)

b‘ﬂ —l-|: ID S[:Ul“'{
T loxY - g
. 74

T, = 6 8
2-
T..«rlﬁ?‘-g-:ﬁ/







_ ;ﬂmple 7. ABC is a triangle and forces P, @, R acting at a point O along t/
OB/0C are in equilibrium. Prove that
IJ'

(@) If O is the incentre of A ABC, then MGl Pl -
A B
COS COS
2 2

(b) If O is the orthocentre of the AABC, then P:Q:R =aqa :

(¢) If O is the centroid of AABC, then _P_ Q R

OA OB OC
C . T i =
L9,-' o 08 w}gl"fv ﬂk%f'p’f rw.gg]lvj |76Luu{ st esdiar
BO0C+ B C -:__,].Eu‘ & ‘?1 ~ C%*'\P':]o{
2 2
 QocC -
Qoc - %o —( am) & .
T 1%e—( IR otk o
= ( 1Re—#) fh “h— e —
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1.13. POLYGON LAW OF FORCES

Statement. Ifany number of forces, acting at a point, be

represented in magnj;,
ﬂfl . e " i & L] - * " 1 " " - .-‘ : " '
d direction by the sides ~fa polygon, taken in order, the forces will be in equilib, 'a--l

S
(BB DE)+EA
B Lt s
Hence the Polygon Law of forces can also be stated as

|
d W
o

Ifany number of forces, acting at a point, can be represented in magnitude and d;
the sides. taken in order, of an open polygon, their resultant is representi d tn magnitud
direction by the closing side of the polygon in the opposite order




1 14. THEOREM OF RESOLVED PAARTS

Statementl. The algebraile sum of the resolved pavts of two concurrent forces in
any direction in their plane is eggtical to the resolved pact of thee respadtaand in the s
glireciion.

PFroof, l.ot P and Q be the two given forces reprosented by o ned 40
Complete the parallelogram OACB. Their resultant R is repress a1 by the d

P Cos ®

(-1

et OX be parallel to the direction in which the

Ibraw Al.. BM and CN 1's to OX and AK | CN. Cles
OM - AK
M = LN

Now, resolved part of I? along OX
= P cos ZAOI
= (}A OL _ (3l

(B F
Similarly, the resolved part of Q along OX = OM
e the resolved part of R along OX = ON
The Slgebraic sum of the resolved parts of P and Q along
- = 0L % OM = OL + 1L.N

= ON = Resolved p

Hence the theorem.
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Hesols Ing along OX. wy have
Reosth = p

Ciks Xy 9 f"'.. COEs @, » VP

L1}
- - 1

Xisay)
h'.t-.'mh'im: along OY, we have
Reing = I‘I &in a, + P, sin &, + P, sin 0y + + P

* Y (say)

Squaring (1) and (2) and adding, we have

R* = 1,.; + Y'.‘

R =yA +Y*" » which is the Magnitud, of the resultant
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/ﬁlmplo 1. Forces P - Q' P. P+ Q act at a pUHII in direction Ig'.n.*.?‘.f'u’f'r'ﬂ' to the sides of ai

equilateral triangle, taken in order. Find their resultant.
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y-Xxample 4. ABCDEF is a regular hexagon. The forces represented in magnity,

df’fﬁ'!fr‘uz 4’_1‘1- AB 9

<AC, 3AD, 4AE, 5AF act at A. Show that the magnitude of the re

LT1ilt
1‘!_-|.Il|

B ¥ : . . -
V391 AB and its direction is inclined at an angle tan ' — to AB.
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b 2 ber of concurrep
4 Working rule for solving problems on equilibrium of a numkt
forces:

: ~ . : o i S e figure as axe
1. Choose two convenient directions at right angles to each other 1n th
usually horizontal and vertical

<. Resolve the forces along each of these directions and equate them separately equa
Zero.,

3.

Solve these two equations and obtain the r
Note. For problems where there are
desired result

equired result

only three forces acting on a particle. use Lami’s Theorem t




Example 1. A

string ABCD is suspended from two fixed points Aand . It
of 30 kg and W kg respectively at two points B and C in it. The inclination to

is 30° and that of CD is 60°, the a ngle BCD being 120°. Find W and the ten
pa rts r_'}f' the stri ny.
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anice a apart. A ring of weight W can slide on the string and a horizontal |
that it is in equilibrium vertically below B. Show that
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1.18. EQUILIBRIUM OF BODIES PLACED ON A SMOOTH INCLINED PLANE

: la) A h;_,{;}, ”r:“'f’iﬁ-’hr Wis placed on a smooth inciine d plane of inclination a and
Is supported by a force 'ﬂ'_’_”-' hu;-i:unfu”}._ To find the force and the reaction of the
plane.

The piane I:H.'ll'u.',' smooth, the normal reaction K of
the plane on the body placed at O ix along the
perpendicular to the inclined plane of inclination ., Let
P be the horizontal force supporting the body

Now, the body 1s in equilibrium under the action
of the following forces acting at O :
(1) W, the ‘u.'l.'i-'||._':1"|t of the bodv, :‘1;"[ir‘:;;: vertically

dow W ards

(11} Force P acting horizontally
iii) Normal reaction R along OC
Resolving the forces horizontally and vertically, we have

F‘ + H COSs | E—jl'_l" + (1) =10 | |
P-Rsina=0 P-S’l:ﬂ {:;."_r_, R SLL\(_'-T.@J—QJ) —+ kv ‘jlh{:.'“
' - 6

s

P = R :-'in 1
Rsin(90° +a)-W=0
H COSs U1 1‘.'&

11!1‘— — "l'ﬁ" S O

R_d@gﬂe — Wk =0

(sin @)= W tan o




(b) A body ofweight Wis placed on a smooth inclined plane of inclination « and is
kept in equilibrium by a force P which acts in a vertical plane in a direction making
an angle 0 with the plane ie., with the line of greatest slope through the body. To find
the magnitude of P and the normal reaction.

Let the force P act along OC making an angle 6
with the line of greatest slope. The plane being smooth,
the reaction R of the plane of the body at O is along the
normal to the inclined plane.

Now the following three forces acting at O are in
equilibrium :

(1) The force P along OC.

(1) Normal reaction R along OD

(zz) W, the weight of the body, acting vertically
downwards.

J
Hence, by l.ami’'s theorem at O, we have pSih@‘f” e&‘i"" J
P K W +Wgin(R
sin (180° _a)  sin(90° + o + 6) sin (90 'tjpﬁtﬂﬁ“"&-—
= R A% "4 -
sina _ cos (o + G_J_ 5 cos O
W sin o W cos (ax + 6)

P = and It as
cos 0 cos 6



Example 1. Two ﬁ:r::end & acting

tnclined plane would, each of them,
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T'wo weights P and Q rest on each of two smooth planes
of tnclination o and B, being connected by a string which runs horizontall
other. Show that P tan o = Q tan p.

If the string passes over a smooth pulley at the top of tnclined p
Psinoa=@Q sin .




BT, &y Aumit e
P i

Sinjo Sin(180—) ] dih@rrd)
¢z 2 ) ,
T ma— T — =4
St Cos < . =2 = P stk @
At &
———t ’
Q 4 = L

Stngs'  sinlge
=7 T= 4ua -3y
@ =P =) fS[wa{:?s‘Lh,@.




PARALLEL FORCES

NTRODUCTION

Uptill now we have studied about two or more forces acting at a point |
these forces can be determined by using parallelogram law of forces, (if the |
number) or by resolving the forces along two mutually perpendicular directior

e —

the forces, (if the number of forces acting at a point in a plane is more than |

forces act at two distinct points of a rigid body, then they are supposed to act o
at a point where the lines of action of the forces intersect provided these line
not parallel. The resultant of such forces can be determined by using parall

i
'||r 4
I i i =

forces. Now we shall discuss the forces which act on a rigid body
parallel to each other. These types of forces are called parallel forces. The resy
forces cannot be found by parallelogram law of forces since the line of action o
not meet at a point. We shall now discuss the method of finding the resultan:

acting on a rigid body.




LIKE AND UNLIKE PARALLEL FORCES

efinition. Two parallel forces are said to be like when they act in the same direction
unlike when they act in the opposite directions.

[Let P and Q (P > Q) be two like parallel forces
acting at point A and B of a rigid body.
Henee thi resiifaant of  irriil {;‘ T f—? f
dirvction of forces P and Q

To find the position of C

Since A's OCA and AEH are similar
AC AE ~
OC FH o

Apain since A's OCH and BYVG are similar
CB BF S
OC FG Q

Ivaiding (1) by (2), we have

A Q

CB p

P.AC=Q.CR

h."{-,”_-._- the resultant is parallel to the given for:
QP e, inthe inverse ratio of the forces.

B & T e J
el LErEd | EEUPRAT



RESULTANT OF TWO UNEQUAL UNLIKE PARALLEL FORCES ACTING ON ARIGID BOD

Let P and Q (P > Q) be two unlike parallel forces acting at points A and B of a rigid bod)

Hence the resultantof P and Q is P — Q acting along OC (. e., acting /
greater force 1°

T'o hind the position of C :

Since A's ADF and ACO are similar,

AC Al S

CO DF

Again since A's BEG and BCO are similar,

BC Bl S

CoO) G ()

Dividing (1) by (2), we have

AC Q

BC I’
P. AC =Q . BC

Hence the resultant is parallel to the given forces in the same sense
and divides AB externally in the ratio @ : P i.e, in the inverse ratio of t/

e

or




O
2 5 ANALOGUE OF LAMI'S THE - e r_rl-;:,"j' bhbodv cre EFE iy b w.l'.r,uh‘,”‘.hl
- aofing «

.’f fi‘l"'"' pnrﬂfh"f f"-jl"-l."-l'"'l ra r;"__ {jfhf"f- f e

g fooe
proportional fo the distance be o
Casa 1. When two forces are likce Lo

I P Q. R be three parallel forces which ar

L - : - oy ‘ /0
equilibrium such that ' and Q ars like for: L
It 1s equal and opposite (o the resultant ot An d
- B & - |
If R acts al a point Cin AB, then R = P + @, and

P A( = {_,:l R

P @

CH AC

P QR P+Q

CB - :*u' AC + CB
. .
Honce, . - {".E "
(i 5 AC ADD
Case I1. When two lorces are unlike :

Lot )P, L. R be Lthrese

pParallel forces which
equilibrium such that o

@ are unlikeo forces
and opposite

A point C

are ain
R 15 oqual to the resultant of P
i BA Produced,

l{—P—Q‘ II-':.-I'.-“I'JI
P.CA = Q.CH

and QQ
If R acts at

then

CB ~ Ca
_'rl
ChH
Hence, =
L C
m.

-2 @

Hence the theoore




Twollike)parallel forces P and @ (P > Q) act upon a rigid body at /
respectively. Let P and @ be interchanged in position, show that the point of application
resultant will be displaced through a distance x along AB given by







ﬁ Twe unlike parallel jorces Pand Q (P > Q), x metre apart act at two ;
a rigid body. Show that if direction of P be reversed, the resultant is d

| 2PQ)
distance ————-X metres.

P’ - Q"




A heavy uniform rod 4 m long rest horiz ontally on two pegs which are

u;mrr A w 4*:”:’:1‘ of 10 kg suspended from one m@n weight of 4 kg suspended from
end will just tilt the rod up. Find the weight of the rod and the distances of the pegs from t/

centre of the rod.







A uniform rod of length 21 and weight W is lying across two pegs on the san

£ e " rre ! o & W |

evel d metre apart. If neither peg can stand a stress greater than T, s how that the length of th
rod which ean project beyond either peg cannot be greater than

d(W -T)

[
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that their centré is

(t) the centroid of the triangle i E=Q=RK

pewive R

(t1) the orthocentre of the triangle if :
fan A tan B tan C

(i) centroid
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(ii)- orthocentre
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