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Chapter - 2

lI lbrlum

Scalar:
e =
Physical quantity which iS
completel Specibied b " maognitude onl|
a scalar «”
__F;c_?r _exom___Ele: @

mass, leng me work , pressure
N\ WV -
@25 . _

en‘er_s Y etc . @&@
‘ S

Vector &

Physical uantity which  is
completely  specified b‘ monftude ¥clele
direction 1S called o vector .”

For example:

displacement , velocity , acceleration,

force , momentum , torque , impulse , weight etc .

Vector ReEresentétionz

M | A vector 18 represented
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—t

by a bold Face letter such . as A, d,

r, v. A vector may be represented by
putting an aArrow Qbove the letter Such
l as A | C_:r , ? : G !

Magnitude of a vector
(S representeds by a light Foce letter

A,d,r,v oas I&l ,Idl,IFl , (VI

GrthicoHH :

Graphically ol e afor Jo i oG
| represented oy 0 Strmgh® line of definite
" ~length  with an  Arrow .Q’Kce’ end . The

length  of +the hne@g@ﬂ a suitable  scale
represents  the gmtude and  arrow - head

f e SOV ls
I glves the _direction.

Coordinate - System:

dpakeity.orgl |

Rectangular

Two lines drawn  perpendiculor

'L to each other are called
rectangular  coordinate  axis . .

The point of intersection of lines

_is  called as orig'{n O . This System

| of coordinate is called

\/




www.pakcity.org \— ¢

www.pakcity.org

~rectangulor  coordinate system . Fig (a) .

Normally x-QxiS IS TaKen as

horizontal Qxis and Y—axis as

vertical axis.

- & The girection s of g+ Vet ictl
g

| 9iven by  the angle © which
p————J = chgle O WwWhich

}‘c makes with positive  x-axis

Line - anfis clocligrion direction . Fig (b).

Here the Coordina’ces of  +e P are s b))

f o Xy sleme

SZ=Gxig " 8 rpendicular  to both

L X —-axIis  and Y-Qxig .

Fig (d)

"Please VISt Tor more oaia at WWw.pakcity.org
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Resultant Vector

The resultant  vector of
a number of similar vecfors (such as Fforce
| vectors) is a single vector which bhas  the

| § Same efFfFect as the combined effRect of all

—

| the vecfors. It is  usually denoted by K.

RN 8] W T O

Addition ot vectors

Graphical e‘rhd

Head +to tail Rules

e AR - =
@@E@ A 8
% O . B
| Graph‘icollg vectors %@%é added by i
head to +ail rul@ as’ - Follows . ' B
e —
A

) : -
‘ Sug@ﬂ/\:o vectors .. A
fand B ar givenw./he rsum of

—h —

A and B is obtained by

Arowing  their representative

lines such +that the héod oF

—A_ is __joined with the foil of
B .

—

The  vector sum R = A +—§

IS obtained by Jjoining +the  fail of A To
heod. of ' B Fedi. S5 {5 |




| QO
~the Same wvector with ?@ direction
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So

vector addition (S commutative .

This rule can be used to Ffind +the sum oFf

any number o vectors.

Veclor Subtraction:

Subtraction ot a wvector Is

equivalent to the ddd?tfon of-

| S
reversed . é@ _ ' -
Con 7 TINO vectors. A and § ,

.o\
Suppose B To ~ be Subtracted Grom A .

—

- Reverge e difgeliop=s-af BF and. odd %

ek
to vector A . This 1S = shown In Fig .

A+(8) = A -8 -
8 pakcity.org 8
Multiplication of a vector by a scalar
When = Veeigrs i 18 multiplied by Q
number  (n £0) jts magnitude is changed

Please visit for more data at: www.pakcity.org
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and  ItS direction may or maoy not change.

Whete kg vector A Is
multiplied - by a positive number n
the new vector 1S nA . [ts magnitude 1S
n Times +the magnitude of A . and its

direction remains the same.

When the vector 1is l@ﬁﬂ:lphEd
by a negative n@%qt%er -
The new vecto @@15 - nA

<

Its  magnituc =4 vl Uimesed the = magnitude -
of A, bu 115 . Slife oW || iV ‘reversad .

(1ii) When a vector is multi'plfed‘ S o o S
physical quantity (scalar ) having  dimensions,

Then +he product Will be a new physical

uantity  whose  dimensions Will  be the

sadme  qgg the pro'ducf ofF

Which are

two  quantites
multiplied .

Please Visit for more aata at. WWW.paKcCity.org
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T - #
XQIMiE -
At U S e g e o, = Bk Wl

When velocity v is multiplied

by . la. . Scaigr; mass m , +the product 15500

new  physical quantity mv  which s called

momentum. Momentum nas ° same dimensions

and velocity .

as the product of dimensions ©0F mass
Unit Vector:

-4 pakcity.org
¢

A unit vector in o iven
di’recﬂ’on [S Q vector WIith

magnitude

Q@

one in that di’recﬁ'on/\g/

X _
Fo it is used to repé&ﬁnt the direction o i ©
SVerlors _ @sﬂy

| 1 " - | . A
A unit ivect In, ~the directi A : e

| is . WNritt Qs A . N | | N

Please visit for more data at: www.pakcity.org
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The  directions of cortesian coordinate
axes . i.e. x-axis , Y-axis, Z-axis

are represented by unit vectors

N

N A o
i o ik reSpectlvelg -

A

| Usually r gives the direction

o A

of r, and n gives +he direction oF

normal__drawn . - on 6. Specibied b SubGoce .

Null Vector:

13

A vector hovmg zero magnitude §

and  arbitrar direction $s called o null

veclory i -is denotedﬁo@bg i

In case vVeglor ' produat
AXNG [EYO

R

éju

¥ pakcity.org

L
.\.\

66

Vecforg hovfng the same

Tﬁe position oFf Het

I r

initial pgfnts may be different.

~lease visit Tor more data at: www.pakcity.org
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Component

_of a Vector:

. e
| Effective wvalue of a vector in a certain

given direction 1is called its component .”

A vector is  a resultant oF its components.

Rectongulor . ComEonents of a Vector:

3 The ‘ ‘ Q®
components  oF g. vecfor which are
s .
mutuall perpendicy % To _each other are

| N\
! co_lledr rec{-on@ components

90 of a vector .”
R - f‘ o )
esolution \“ﬂm a ‘wvector . inte' its

Components

~ Explanation:

Consider o vector

A =0P makes

rectangular

an  angle o
With  x-axis . '

Draw  projections Ffrom point
200 xX-0xis = and y=axis .
v = Rl oo o AR oy T Bgd

are two

Please visit for more data at: www.pakcity.org
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rectangulor  components.

Head to  tail rule

.Bg
4 OP =OM +MP
A = A, + Ay
A AT
A = Horizontal component of A
I A, = Projection  of A ' along X — AXIS
KH = Vertical component of A
A of A along y-axIs

i or e
j Ay = Projection

. o@ 2
ﬁﬁ:ﬁ_&
A _§

b ok Al ="Wdbe g A s A et et e U
horizontal Component of A.

!

This is mmaognitude  of

Sihg (e < MP

OP
'.-. | A _. ‘-
Sln@ — .....E.

A

‘ _ 3in ~This is the magnitude
H of- vertical component ok Zf
Please visit for more data at: www.pakcity.org
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Determination of a vector From it s

Recto ___Components:

When +he rectangular components of @
vector are given , the vector can be Ffound
QS Follows . '
i Magnitude:
B —dn . AOMP._use
Pythagorean Theorem .

oP" = om® +mp?

2 2
e —

T IE o B . e s = =, - B0 T o w — -

(— ST SR L —— e e——— e———
-

This gives the direction of E

WWW DaKGILV

~lease VISIT TO more datd dt. LOIC
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A  vector which  gives
f +he location of particle 9 W WO o1 9] § g § Skl S
5 wWifth - fespedtaadls origin  is called the
position  vector. ”’
: R (= represented by T
The - tail of +the  position vector r  les at

the origin and its head at +he point P(a,b).

Y

,. - P(a,b) §
8 The position = MECIDE L ORs sos i Dot

P(a,b) in XY - plane

or

Ihe  positiy Vecton- amf:

e

ey

e




Ty TR R, N« vl . A - g . -

Y e sl e e T T T R Rl a  R a — -
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| Just For Understand =~

_ P(b,c)
The

position vector In YZ-plone

1S

or

IS

e
2.2 Vecfor Add by Rectanqular Components

\"4‘ b

Consider WO  vectors

A =OM ond B =ON ?
~In Figure A and B are E
added by head to tail . i y

B R L resultant B E

Vector . . . o |
O X

At
an  angle 8 with

“lease Visit for more data at: www.pakcity.org
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x -AQxXIiS .

Ane oo B b slRe SQLESEIC magnitudes of

orizontal - bk MRt e S S e
Ay , By , By are the magnitudes of vertical
I components  of A N1 I

In Figure

resultant vector
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Using Pythagorean Theorem

Direction of resultant vector -
e S RS0 (vl
In ' Tri’angle AORP A\
! :

R R R R R R R R R R RO EIRRIEEmmemmmeme
y \

Jlease VISITTOT Mmore oaila ar WWWw.pe .0rg



www.pakcity.org

_ www.pakcity.org

Direction:

©
|
o
=y
T By
>
N |
+
v
c
-+
@'
c
+
S

[ Main __steps For addition of vectors b

Rectangular Components:

1. Find X and Y Componeats of all the vectfors.

2. Find X-component of the resultont vector as
R, = A, +B,@@ C, + se0ee
-3, Find Y-Component @&ﬁn resultant vecfor Qs
&BAB + By +C9 +...... o -
4. Find +the- magnitude [OFf the . resultant vector B as

R = R;’ @« Rgz

: 5_. Find +the direction of the regultant vector E{ Qs

R mokes  the angle © with  positive x-axis.
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By dhel -Signss . cab i By saand . oo RGN er . G

Find the quodront In which R lies .
[gnoring the. - signs. o By - foigds oy

Find

i = fon"'( Ry )

i fS F'ound as po“o‘NS: 15t quodront '

§ Q) LE both R and Ry Components

are positive , then then +the

resultant lies in the F:rst(«\q,uodrant

e
and its direction @
@’:

<

i
b) IF R 1S -—vVve d RH Components
O - ' 4
IS +Ve , the resultant - Ajeg

in 27 “quadrant .and Tits direction
s 0 = 180°— ¢ .

rd quadrant

=|80.+¢’ |
. C) Ik both Rx and Ry Components 9

are -ve , +the resultant Iies in

__the =rd o,uod rant and its

direction IS O = 180° + P,

1( -.'-'”""." '
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o

Cl) [F Rx fS posfﬁve ond R'd 15 -‘11lh q,uodron‘t

negative , the resultont lies in

the 4" quod rant and its

‘_' direction 1S O = 360°—0
| '
~ B A= e i e T S e S R
Q0°  SinAo° = 1
cosq9o’= O
 § Cosigo®=-1 | ©) | '
& ZEaihe 180° g'e - ELaeay
| . \ S _ : o
Slﬂlaoa.:; O 0/\'{,\ . b&' S0 0 ‘
e
-*
;T CoS 270" = @)
\ r SIn 270° = ---i
270°

T e
., I‘

| P o

.5 | Sin

!: C oS

B s =
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Product of two Vvectors

When twio vectors multiplied , their product
may be a Scalar quantity or. a vector

| quantity .So, there are two types of  vector

multiplications .

SC

alar Pl‘OdUC't (Dot F’roduc’f)

13

When the product  of two  vectore. 'is

a scalar  qguantit itoads - chillediia & scalar

~magnitudes  oF

is the angle

Physical Intetf-pé tation
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R A( projection oF B on A )
/T, @ = A ( mogn‘itude of Component of §
along A )

A=A coRs )
A

Conclusion:

13
The dot p_rod%ct of tTwo vectors is
O
the product of magnitéde of  one vector

) GG
~and the wmagnitude ,of “the component of the

~ other vector aledd the ' direction of the

= . RS
First vec:1'or§@2
X‘x

| Excmgles:*y

2% pakcity.org

9
[ 1 L]
A
oy
-d

vy

L .
(1)  Work is the scalar product of Force F

—

-and  displacement d .”»

a W = Fdcosg : |
© Fcose '
W = (Fcose)(d) e i

- Please visit Tor more data at: www.pakcity.org ,
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W = ( EFffective component of Force 1n the direcfion

of motion)( distance moved )

d (ii) SRR
[ 13

Power i1s +the Scalar product of Force and
Velocf'tg ik I

Chorocferistics of calor Product

1. Scalar Product 1S  Commutative:

X. g — Eo E |
O©<i®
Proof @

"“' = ‘BAcose ' = ABCoOSE
So - ' | Xog == g.;\* _

ocalar Froduct c N0 mutL __perpendicu ‘ar

S —— I —

K. § = ABCOS@ %
X.-é'. = ABcosqo°
s Sl K"-B—. = AB(0)
A.B
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For unit wvectors:

o —

www.pakcity.org

As o [ . R ] 2 mutuollg

perpendicular.

B
A.-B = AB ( Maximum value )
Note '
For porollel Vec’rors Scalar product
has mazimum value . *

Slease VISIL 1ol Mmore aata at. WWW.paKcity.org
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(fi ) For Q_D'ti—' Orolle| VeC"(OrS @ ___:1800

;, _E; — ABcos® F\-B?—‘l
A.B = ABcosig0° f'f=1
A.B = AB(—1) iy
A. B = —AB

For unit vector:

A

r B CI L 0S0.

i o gt - Lk pakcity.org

4. Self  product oF "a vector K 1S _equal to.

._-—'

A K = AAcose Belpe Bt
LB A AT g TR AT
Aol e A (1)
ETE TG BTN

’lease VISIT Tor more data at. Www.pakKcity.org
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J‘. T —
{; | 1 '
e . —
—EA L4 FP
~ 5 .

5. Scolar: . Preduak.. Jn i ferms . .af

Recfongu\or ComgonentS:

i B .= B Lk + Bay- 4B K

AeB = ABx 1) 4 AxBy ioj SALES Fak . Skl 5o
A A AA A A N
+ Ay By J.J + AyB, J-K +A2Bx K L+AZBH K.d

i A-B = Ax B, (1) + AyBy (0) @ S0 () Ay B0
f + AyBy (1) +A386&(§7 + A B, (0) + Az By (0)

—ly

| 6- n‘le. & between tno vectors A

and B can  be Ffound b Scalar
Product as Follows: BE

= A* = A2 +A§ +A;
Cog0. - o _A* s B A. = m_
. - . - B=J 8t + 8} +82
: Please visit for more data at: www.pakcity.org - .
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Vector or Cross Product

13 |
When +the  product

oF Two  vectors s
> - i
Q vector  quantity , it(©is called a vector

-

roduct - oduct . »

O L CLOSS

Here A and B are ‘e magnitudes of A and
B0 s s s angle between A ~and g
A | . :
—h __1s o  unit vector - perpendiculor to  the
~_plane containing * A and E

—E5__Showin, e Rig,
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o o A -
The direction of N

or A XB . is  Found  Tboy lsdney Cight.o bond. Stale

éc

Place the taoils of the

R “’

vectors A and B to Form a

plone of A and B .The direction
of n or vector product Kxg
15 erpendicular 1o +his plone.
L Rotate A towords
B through the Smaller angle. Now roto’cé

Fingers oF right hand %[Bn the direction
o  rotation Keepinc <>>+he _thumb  erect. (loaw)

o 2 | o o S
The +thumb 1Ve@ e direaMjon o of " AXE - arn”
< .

Pl

E xamples:

(I) lorque - is the wvector foduc’t of oSition

vector r _apnd F B

o
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Strengﬁl B is

hot Commutative:

“Please visit for more data at. WWW.PaRCIty.or¢
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AxB = ABsIinQ0°. n
Z\*X_é* :AB(1J'6
AXxB = AB.n

For unit wvectors:

Sfmf'orlg Ly )
5)("?:3 ) d)(i:"‘k
A A Q A A A
Kxi = b B!
zxﬁ=€;@

&

A XB = ABSine. A e A
— — A )
A X B=ABsIn0® n
Xx B =AB(0). n
AXxB= O
| : |
ABSmiBO n _é.,. | 1800

WWW.DaFK

2 AT ~— : —ad
- p 8 ﬁ 3 --“"'—x..__.ﬁ_,. "

LAY,

1

www.pakcity.org
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For wunit Vvectors:

P oxb =i eihe6
i x 1 = (1)(1) sin0° N
L (1)(1)(0)

i xi =0

4- Vector Product in terms of Rectangular

£
Components: @Q
~omponents: g
%%,
A (\\K@ A A
AXB = (Axi gBydisr Az kdix ( Byl +8Byd + Byk)

N

AxB = AyB.(ixi) +A, By (axa) A B (ka)
+A95x(dxa)+A BSLJXJ)+A3 z(Jxk)_

+ Az Bx( K % ; )+A28i9(KXJ'), '\"Asz(& XK )

A N A ‘-A A

Il = JdXJ = KXK =0
A " A ‘:‘ A A
L Xd = K el ) = — K
Xm::i "QXJ =__’z‘

PTease VISILTOr MoTe 0aia at. WWW.pakcity.org
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AXB = AgB,(0) +AyxBy(k) + A, B, (—])
+ AyBx(-k) + AyByl(O) + AyB, (1)

+ AzBx(J ) + A,By(—1) + A,B,(0)

i A

lhis result in Determinant F‘orm, IS

] J K

Bx : B Bz

A
©
%Q
@0@9

. By Lo ‘\ACJIT]f‘ﬁLJC:Ie@gb A X By, 15 eaqual to the -
| | % )

-, — ] s

e

. adjacent sides A

| grea  of(the . parallelogtam Formed with
~ N .

l I ="ABSIn® EBSinG (Height )
|Ax Bl = A (Bsine) |

o X B = {bose )(height ) s 1, A (base)
A x B | = Area ok the parallelogram

With sides A ‘and B

-
‘
L

Please visit for more data at: WWW.DaKCITV.Ol
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omen't . OF orce

13

1 1. The product of force and wmoment arm

is called torque.” .
-4 pakcity.org

Moment Arm l: ?

(13

Perpendicular distance

between the line of action oF Force and

| the AxIis of rotation 1S called moment arm.”?

| Note that y . Q®
= - When QﬁoF oc‘tron o Force

posses  through Qg axis=\. oF rototion, moment

Qrm IS | O;Q b |
& : <€ (L=0), #he torque is  zero.
o .

T NG (=il

[ 5 66 4 |

L - _Ulgkgue  ~js . Hie . \éctor roduct oFf

@ osition vector r and \' Force E .
;

T e = R ein O A

SEemSee T ey
0
]
)

Please visit for more data at: www.pakcity.org
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Torq,ue fS QO vector quontitg ° H:S dffeCHO['l
is -~ pecpendiculac.  te.: belh - or . e6dll Ei oGRo

(g Found by the r'i'gh't hand rule of

-} vector product.

| T=FU{

._;[__._}___;,__Qﬂl; T =mal
Sl  unit of torque s Nm. ‘L‘=Kg-§“—-; -m
Dimensions:  T=Kgu's?
[M B T‘"z] ? =Mt

on a Riqild Body:
o Consider a
Force R acts on O@Qrggid body dt a

point P as Shown @Qin Fig (@) .

AP
o

= position ctor LoF point P

ks

relative” to +he “point ©F

rotatron Q.

——

Resclve F into rectangular

components :

Fsing =1t is . perpenclicular forg st

F'COSG I'I: IS poroﬂe\ _TO F .

As the o= oF OCtiOn of Fdrce rF.COSS :

Please visit for more data at: www.pakcity.or
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Q

passes through 0, so it produces no Torque.

Hence , Torque is due 1o F SIin® only .

= (Fsino )( )
T = rF sin® — (1)

Alternately, the woment arm | is equal to

the magnitude of component

m—lp

o r perpendicular to +the
line of action of Fforce.

€ i o)

= (rsine)( F) & QC@ ‘.
T = rFsing —%g%n)

Eq,uotlons (T) and éﬂﬁ can , .
_be Written ¢ ector Product.. A\ Sl ) ‘:‘,fg (b)

—— e

-0 Is a wunit vector normal +to the plane

1T = rF sino

Please visit for more data at. www.pakcity.org

WwWw.paKcity.org
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Dependance:

() r

i Note:

1) Torque  produces  angular  acceleration ‘@’

In  the body .

T X &
. R o
L) Force  produces ltnear acceleration i

T = rFsino®

et DR G %% pakcity.org 5

A Eale)
1) IF 8 =qgp°
T = 'r.'F_‘ Sinqoi"
T =rF (1)

T=rF = Torque is wmaximum. _

“lease Vvisit Tor more data at: www.pakcity.org PO e
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13

When @ bod 1s at rest or  movin with
f uniForm  Velocity , it 18 In equilibrium.
|
|

—_— — —

[ts lineor acceleration ® and ongulOr‘

acceleration «  are both Z ero .
— —
Q=0 i X =0
a = O meons net- F:Orce 2. 2ro : Z E =.0
& = 0 means net ‘torque zero B R

Examples: .
SRR s ol lying on_ ({;)}J table .




Rl e = e

- e e W SO Y T

1) al  Egquilibrium:

S T rotational Hibrium . [t h Zero q

Please visit for more data at: www.pakcity.org ]
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Dynamic Equilibrium:
44 o
When a body is moving

With  uniform linear  velocit or rotating wifh

constant  angular Vvelocity , 1t 15 in  dynamic

equilibrivm. ?

Dynamic Equilibrium has two types:

1)  Translational Equilibrium:

IS _moving  with  uniform  linear velocity, It
IS In translational equidibrium . It has Zero
O "
lHnear occelerohon @%{&

o =

s ‘.When Q body

1S rototing with = uniform angular  velocity

angular acceleration. 2

OC::O*
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Conditions of Equi

First condition ofF Egiuilibrium:

G¢
Vector Ssum of

i all the Forces acting on a body must be
i
egiuol To zero. ?”

SF =0

[t means that sum of upward Forces ‘ IS
equal to sum oF downward Forces, Sum of
' rightward  Forces is equal to sum of
: leFt ward Forces. @@® .
' é@% case  of  coplanar
Forces , +this co&ﬁi’om IS = expressed In

of 0@

terms mponent © and . y—component
ot the rces
. 2 F. =0 Sum oF ‘x-directed Forces is =zero
> g =0  Sum of y-directed Forces is zero.

Second condftfon ofF E uili’brﬂium:

g

ofF all the  torques actin

Please visit for more data at: www.pakcity.org
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| Sum of onticlockwise torques = Sum of clockwise forques

Explanation:

Suppose Two egqual

and  opposite  Forces F and —-F

Oc’ci_ng On 0. - Body. Although me

First C6ndff:‘on is satisF@&@

yet the body Wi\ ,@ﬁo rotate
(&

0 .

In C|ockwfse diro,n . "Hence Torque 1S producéd
~and the bod:
that  in

15 (oot in' equilibrium. It means

dition . 1o _the_ . First: condition of

| _equilibrium , a second - condition is also

required, which is explained above.

Note:

| € : | - |
| , CEoF o body to be in complete

equilibrium Jbo‘+h . 13"\ and E“di - Conditions - ofF

IS uili’brium! . must  be  satified at the
Time .”’ ' . ' . -
X P il SR W e S R iy CF Foden

Please visit for more data at: www.pakcity.org j
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_.
(I)
14 't
WNhen 15t condition is _satisfied , there
IS no linear acceleration a =0 and

body will be In Translational Equilibrium .”

When .= 2°9 conditfon {s  satisfied , there
IS no  anqgular acceleraotion x =0 and the

bod Will be in Rototional F ilibrium . *

Please visit for more data at: www.pakcity.org
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QUESTIONS

2.1 Define the terms (i) unit vector (ii) Posmon @* and |||) Components of a vector.

2.2 The vector sum of three vectors g @ro resultant. What can be the orientation
of the vectors? |

2.3 Vector A lies in the xy p%& For what orientation will both of its rectangular
- components be negative 7@ at orientation will its components have opposite signs?

2.4 1f one of the recta ' components of a vector Is not zero, can its magnltude be
zero ? Explain..(.

25'Can a-vector have a component greater than the vector's magnitude?
- 2.6Can the magnitude of a vector have a negative value?

2TIfA+B =0, What can you say about the components of the two vectors?

2.8 Under what circumstances would a vector have components that are equal in
magnitude? ' ' |

~ 291s it possible to add a vector quant|ty to a scalar quantlty'? Explain.

212 Show that the sum and dlﬁerence of two perpendlcular vectors of equal lengths are
also perpendlcu|ar and of the samé length.

Please visit for more data at: www.pakcity.org
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213 How would the two vectors of the same mag
were to be combined to give a resultant equa

2.14

2. 15

2.16 Identi?y the correct answer,

The two vectors to be combined have magnitu
correct answer from those given below and tell
that is correct. ' *

Suppose the sides of a closed polygon represe

www.pakcity.org

e to be oriented, If they

nitude ha he same magnitude?

| to a vector of t

ick the
50 N and 35 N. Pick
dﬁiy s it the only one of the three

)100N  -i)70N )20 N . '
nt vector arranged head 10 tail.

What is the sum of these vectors?

t equal speeds. The actual

i) Two ships X and Y are travelling in different directions a b s
direction of motion of X is due north but to an observer on Y, the apgaf%'teg'rﬁg:::)qr?;
motion of X is north-east. The actual direction of motion of Y as 0DsS€ |

shore will be ,
(A) East (B) West (C) south-east (D) south-west

i)

A horizontal force F is applied to a small obje

plane inclined at an angle 6 to the horizontal
 the resultant force acting up-and along the @@

ct P of mass m at rest on a smooth
shown in Fig. 2.22. The magnitude of
e of the plane, on the object Is

a) - Fcos® —mgsin 8 OQB%O

b) Fsiné-mgcos 6 @%

c) FcosH+mgcosp @%S _

d)  Fsin@+mgsin <>@ ‘ W
e) mgtano |

2.17 If all the components of the vectors, As and A, were reversed, how would this alte'r |
A1 X A, ? | .

518 Name the three different conditions that could make A;x A,=0."
219 Identify true or false statements and explain the reason. '

‘a) Abody in equilibrium i_mpliesgth'at it Is not moving nor rotating.

L

b) If coplanar forces acting on a body form a closed polygon,.then the body is said

to be in equilibrium. L
220 A pic’:ture is suspended from a wall by two strings. Show by diagram the

configuration of the strings for which the tension in the strings will be minimum_'

521 Can a body rotate about its centre of gravity under the action of ts weight?"

Please visit for more data at: www.pakcity.org
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Answers of Questions

~1s

Unit Vector
A vector - whose magnitude |

s one s called a wunit vector.Ilt gives

A

the direction of a vector . A unit vecfor A

—

[S obtained by d'iv'fdfng the vector A WwWith

its magnitude A

-*

R =

Position Vector @@f@ _

_ Position vecfor gives the
location ir't ' With  respect to origin. 3
' & - Q wpoint  P(a,b)  in j
y pla.b) §

The position vector oF @ point P(a,b,Cc)

In Space is

Please visit for more data at: www.pakcity.org
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sonent of _a vector

The component  of

a vector 1S its effective value in  aQ

given direction. A vecfor is considered to be

—
——

| the resultont of its component  vecfors along

specified directions.

- — T =3

- 2.0
[t the +three  vectors are represented}

by 1the three sides of a ftriongle faken in
order , then +the vector sum o the vectors

wWill be zero as Shown@Q Rigure .
Tail of +he Eirst @@ meets  with

|
i
|
1
v
)
t
]
:
i
3
§
‘|
)
1
\
|'
|

the head of last vec1'or A5 PT;
So “resultant S Zero . | '
B A An g il g T | ¥

1) IF a vector lies in

II1-quadrant of XY-plane, then

both of its ' components are
negative. When

180 < & < 270

Please visit for more data at: www.pakcity.org
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—

il) When a veclor A |ljes in the 11 1
a & N\ 6
second quadrant (90 <6 < 180° ), A f'
,.
[ts x-component 1S negative IT1 A4

while = Y-component is positive .
(iif) When Q vector A lies in

W-quadrant , Its X-component is

positive and Y-component is

negative .

Q-E.# £ No .

If one of the components of

a veclor is not zero , i Q®mognitude cannot

O
be Zero. OQB%
| @% |
The mogn.‘itude & Q vectior A = Axi + AHJ 1S

L NY
) IF Ay =0 AN O F A3 = Ay #0

i) iF Ay =0 A= JAx +0 = A, %0

g pakcity.orgg

A vector cannot have a

recfangular  component greater then +the vectors

magnitude . The maximum value  of the wmagnitude
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of a component can be  equal . to the
magnitude of +the vector  itselF .

The magnitude of a vector
‘ can not be negative .
l: As
At l Ay + Aj
The square oFf reql quantities always  give
a positive value. Hence  +he magnitude ofF
a vector has a positive value.

O©<P/®
Q-2.7: %@5
As %%% =0

= — B
In recw - WComponents
(Al Ayd N AL ki) = 785 4 S DR
Comporing the  co-efFRicients) of 3 . i ,and k
Ax = —Bx
Az = — BZ

Hence the mognitddes ofF the components

are  equal |, but J}heg are  in  opposite (o

Please visit for more data at: www.pakcity.org
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direction. ; =
Q-2.8: In the First quadrant ¢
when the vector mokes an angle 45° X
of 45° with x-axis , then its
i rectongular  components are equal in ma gnitude . -
Because J
A, =AcCos® = Acos45° o e 2K 'rJ“E
Ay = ASIn6 ‘= ASin 45° = A X% {l

ln  second , third and Fourth quadrants at

angles
160 — b s s aad o
180+ 45° = 2@
360 — 45° g@%?s" respectively ,

the rectangular @&mponerﬁcs are equal in
magnitudes . O@

Q=-2.9:

No.
| | L 1Sy pAstity.ofb cEible | to el i

~vector quantity to a  scalar quantity ,

because they  are difFerent physical

- Quantities. A scalar hasg magnitude  only,

Whereas Q vector has  both mdgnftude
and direction . ‘

- m—

Please visit for more data at: www.pakcity.org
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Q- 2.10: No.

Zero cannot be added to
a null vector . Because , zero 1S a scalar
whereas  null vector is a vector. A  scalar

cannot be added o B 5 vector .

Q-2.11:

Their sum cannot be zero.

74
O

The Sum of two vectors 1S zero, If they

have Same magnitudes but  opposite

direction . In +his case, according to the

head +to Toil  rule , the @od ofF Second vector ;
. p | |

lies on the ftail oFO% e Ffirst vector ,

(& A
giving zero  mesidltant . SN B
gg . —A
QL -

2.12:

o

Consider A and B ‘are Two

perpendicular - vecfors having same lengths .

DiFFerénce = A—RB

The ong\é. between Sum and

dikFerence = 45° + 45° = Q0° .

So, Sum (A+B)  and

 Please visit for more data at: www.pakcity.org
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diffFerence (A ~.B) are perpendicular .
From Figure
|Aa+8 | = J[A*+ B2
|A-B 1 = [|A%*+(-B)?
=B | =AY 8"
|A +B] =|A-B]

Hence Sum and difFerence have Same leng‘rhs.

When +he two vectors

are  represented by the @Q@
eqgual sides of an e%@tj)&%?erol

oFf their resu\@ veclor  is « «also saome.

In.. s q_-‘.._fﬂ- the  angle between the  two
vectors IS 120 \mfas [ Sho b Rig .

This can be

- proved as Follows. Consider two vectors E:
and F  having some magnitudes.
Their resultant Is
R TR e
R T Pi + PZ -+ 2F1 FZ COSQ

Please visit for more data at: Ww.pakcity.org |
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R s rF2+F2+2FPCOSG

X
|

J_EF‘E - ZF'ZCOSQ

)
1}

2P 4 2 E*co510° e C08190% = -—é-
2 2 1
2F + 2F (—=
| 7F* (- %)
K == \l EF‘Z""FZ — J——F—‘_Z—

oy
I

R = F
r Q-2.14: <>©Qg
= .14 : o8

@ - . .
The C@@%cf answer Is (if) 7FON
The resultant {0f two = vectors 1S maximum
When 'H"l are DOI‘OHE| 1-€, [n the same dfrecﬁon .

60 + 35 = Q5N (Mox. value)

60 — 35 = 25N - (Min. value)

The resultant oFf . Two vectors IS minﬁimurh s
When ‘|'heH are T

So,

opposite direction .

the  resultant 100 N and 20N are

not  possible. 18t .
| Please visit for more data at: www.pakcity.org
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Q-2.15:

vectors

This IS

el

and F  into recta g@ﬁ

components. mtude
oF the result @ Force octmg

up Qnd ,09 the Sur(:oce oF ~the
is

| (1) Resolve the we%@@ mg

= FCoS8 = mgsine

When Components oF eVECIoES A,
| and A, gare reversed , the given vectors
g

—

EXA?_

. - NOTe C ' e ok
~lease VISI ofe ddla dl. WWW.[L
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D0
Nno change oCCcurs N the vector
product | ;\: X Z\; 4
| S -4 pakcity.org 5
Q-2.18: g &

Conditions

(f) IF A1 1S a null- vector i /_\—; = 5’

Please visit for more data at: www.pakcity.org
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Q = 2 alq :

| (O) _ False
A  body in equilibrium

| may be at rest,or moving with constant

———

linear velocity Vv or rotating with constant

g

angular velocity w .

(b) False
| [t coplanar Forces acting
on a body Form a closed polygon , their
vector sum 1S  Zero .
Zg@a 0
First condion oF o%@fuﬂibrfum ?S. satisfkied.
but the second@gé@nd‘fti’on oF eq,uﬂi_'bri'um

15 ngt-- gdits - | . '
Hence body S not “in eqguilibrium.

For o body to “be _in complete equilib[:i'um.
both the First and #he'sedond conditions = oF

. ~ equiltbrium must be satisfied al the

| Same {time .

....2'

. The Sfl‘fngs Should be verticql

Please visit for more data at: www.pakcity.org
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For minimum tfension.

ZFH = 0

T+T-W =0

2T

= N
T A F=is minimum )
c

o

[n this situation, Tension in each string 1S

equal to half the wWeight ~ of  +he picture.

Q-2.21: .
No . Q@
As %ﬁwelght acts on the

centre of gravr’g@%S

Sa @
the Ymoment arm

AS

e Y
e kY 1
T=0 J

No turning efFFect IS produced . The = body

Please visit for more data at: www.pakcity.org





