!'L' ?

=

H :[ ' -_"_L__z 12 ] =y
ere m L;HJ,.: = [L'rfandd-l'

So equation (2) becomes
KE = [m i|{z,'r'”[z,’] = [m-}.’”r*]
= WK-E = im’LJT'*J (3)

Now taking R-H-5, we have,

1oa e (L) ] 2 B
i Ol

o o :
= EMF = E[J’HFLJT:] (q)

Comparing equation (3) and equation (%), we get

Dimension of K-E = Dimension of imv:"

M| =

Thus the expression [H-E =
J

Part (bl: PE = mgh (I)
Tﬂkl'ﬂg L‘H‘,f, we hﬂ"ﬁ!,
FP-E = workdone = Fd = mad

= P-E = mad
r 1
= PE= m’-F-ﬂJ= [mrf_zf--z]
= PF = -m’LET-E] (2)

Now taking R-H-5, we have,

= "
.-"-"?g'h =N +F'£”J:}mf"’ - [ﬁff.{fﬂ'_r}]

-

= mgh = [MLT?] (3)

Comparing equation (2) and equation (3), we get
Dimension of P-E = Dimension of mgh |

Thus th or =
e expressior P-E = mgh is dimensionally correct-

+++

2 . . .
mv ] is dimensionally correct-

Tear Chp-2 '-r'é;{'l’_'l'!‘rr?- Fquitlibrium = 22§
: -"“M' — - f———— - .

.".,;_r:.':*r .Ehuhts Notes —_1

CHAPTER

D? VECTORS AND

EQUILIBRIUM
-_t?f: Define (a) physical quantities, (b) magnitude?

Ans- (a) Physical Quantities:

For example, length, mass, temperature, speed, velocity, ac-

tities:
celeration, energy, torque etc:

(b) Magnitude: _

4 number with proper unit is known as magnitude:
100kg, 27°C, 50N, 1000m etc- Here 100, 27. 50, 1000 represent

rumber which kg, °C, N, m represent the unit:

For example

Q2: Define and explain scalar and vector quantities: Give examples

in each case? L LS
Ans- (a) Scalar Quantities:

Definition: Those physical quantities W
by their magnitude only are known as scalar quantities:

hich are completely specified

Explanation:

For the complete explanation of scalar
number both are necessary: If we ignore any ©
explanation will be incomplete: The scalars can be a :

multiplied and divided by ordinary mathematical method-

Examples: Speed, mass, energy, work, power, distance, tempera-
ture, electric flux etc are the examples of scalar quantities:

(b) Vect or Quantities:
Definition: Those physical quanti
by their magnitude and proper directi
tities:

Explanation:

For the complete explanation o

and proper direction all are nec

quantities, the unit and
ne of them, then our

ties which are completely specified
on are known as vector quan®

£ vector quantities, the number, unit
essary- If we ignore any one of them,
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then our explanation will be incomplete- The vectors can be added

subtracted, divided and multiplied by graphical method or geometric- - Representing a Vector in Plane: |

al method- To represent a vector in plane, we draw horizontal and vertical lines
. " . . 1 select a

Examples: Momentum, acceleration, torque, displacement, velocity [i-e* X0X' andyoy' ] perpendicular to each other nhe‘n W Jelues

weight, force etc are the examples of vector quantities: ' suitable scale: We draw the representative line according to the giv°

en scaler We put arrow at the end of the line which represent the

@3: (a) What is Cartesian coordinate system? (b) -wn‘t; the required vector:

Example: A force of SON is acting on xy-plane by making an angle

Steps to represent a vector in Cartesian coordinate system-
Ans- (a) Cartesian Coordinate System: ' of 30°with x-axis© Draw the representative vector of the given

The Cartesian coordinate system is also — —— force:

called number plane. It consists of lines 2 Solution: Y )
: ¥ ' ¥ . x a = e Scale:

Xox'. yoy', zoz' which are mutually perpendi- ‘ z Step-1: First we draw the Cartesian : Let lem = 10N

cular to each other- The XoxX' [x-axis] and

then 5cm = 30N

' _ _ coordinate system- i-e: we draw Xx-axis

yoy' [y-axis] lines are usually drawn in the ol ) = and y-axis perpendicular to each other as :

plane of the page: While the line z0Z [z- _-"En ; shown in the figure- .

ﬂ,x.tsJ:F comes directly out of the page at the N & : Step-2: Now we select a suitable scale-

origin “0" as shown in the figure-All the ; : Let TON = 1ecm then 50N = S5cm -
th : :

r:lc axis [ie* x-axis, 2::):;5, z-axis] are 18 Benlin s Step-3: Now we draw a line OA = 5c¢m v
maring an angle of 90° with each other- ] at an angle of 30° with x-axis:
(6) QPEMLEPEH;-;H# a_Vector in Cartesian Coordinate Sys- Step-4: Now we put an arrow at the end of the line OA- Thus
tem: =SS

coordinate system: - in xy-plane-

. * . 2. Representing of a Vector in Space: |
Step-1: Draw a Cartesian coordinate system- 7 fpeasantle \gebor in spece; We o -axis.LPale and z-aiis

Step-2: Select a suitable scale in case of large values-

5#!}'.?'3' Draw a | : [i-e* xox', yoy’ and IU!'} which are mu- v
2 . a line according to the scale selected: tually perpendicular to each other: ‘
tep-4: P . _ 4 ;
req:r:d “: ~ NG ke and of the Rie, ik represent the Now we draw a vector OA in space '
. = t_ making an angle "x"with x-axis, "{}"
W: Dr‘;:u‘s thﬂ rﬂpresentﬂb,-on ﬂr a Vg;‘tgr-;'n -c'r'tes,_#n ;aard;fnﬂt‘ WEL'.;‘I' y“ﬂlfﬂ ﬂﬂd ""f" W.I.th I"d‘#n‘li re-
system:'-: - . | spectively as shown in the figure-
“ e S _ , g ,
Ans: There are two methods for representing a vector in Cdrtzs;‘-a; Note: The line 7oz cannot ber draw 3 )
coordinate system- These methods are given below: actually on the paper [t is directed - ) .
* . = . s ", P P - L -axi
» Representing a vector in plane out of the paper at the origin "0 All these axis i*e* x-axis, Y
» Representing a vector in space ond z-axis are mutually perpendicular to each other:

{-;-:-_.g_;!o‘tf 3L LUy S ﬂuu/;"’-u_f?_l.ruﬁ;.:LJ,#J;L;;L_,_{!J*)

=
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Q5: Discuss how a vector is represented?
Ans- A vector is usually represented by the following two methods:

]- Graphical Representation:

Graphically, a vector is represented by a bold =
0

straight line having an arrow head at its one |ee———————— a"‘
t‘r

end: The arrow indicates the direction of the ector 0A
given vector: For example, in the given fig- i

ure, the line “"OR " represents a vector-
2+ Symbolic Representation:

Symbolicelly, a vector is represented by any English alphabet having

-I---‘.-._.,_.

A, a,B,bS T etc represents

an arrow head upon it- For example,
the vector ~ symbolically-

—— e Y

t?ﬁ; Dcﬁ;e)tﬁ; following: (i) Parallel vectors, (i) Anti-paraliel
vectors, (iii) Equal vectors, (iv) Negative of

vector (or) .Zfer‘a vector? a vector, (v) Null
. Ans- (i) Parallel Vectors: . ' -_—

Vectors are said to be parallel to each other if they

the same direction, as shown in the figure (a)- The
paralle! vectors is O°-

are acting in
angle between

(i) Anti-Parallel Vectors: A— —

Vectors. are said to be anti-parallel to | |

:fch other if they are acting in opposite Fi Parallel vectors

direction, as shown in the figure (b)- The —

angle between anti-parallel vectors s |A ———

180°- :

(iii) Equal Vectors: : .
q ectors: Fig (b) Anriparallel VECIOrs

Two vectors are said to be equal, if they

have the same magnitude and same direc- 2 S
tion, as shown in the figure (c)- B 3
(iv) Negative of 4 Vectors: r i:f:I . E:“-" vectors i

=

—

e

Negative of q vector is that vector whose
magnitude is the same to that of the | A ]
_—________)

given vector but opposite in direction, as Z |
: . A —
hown in the figure (d): Fig (&) Negative of

'H{‘-“ galive ol a vector
e ——— S e

Na F | sic Note

p—— e —

. 1" Year

5
S———
e ——
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(v) Null Vector or Zero Vectors:

A vector whose rﬁagnitud: is zero is known as null vector or zero
w.r:tnr-. It is arbitrary m:“.-reﬁtmn- )\ | N
Q7: Define and explain unit vector? _ 2
[ £1EA 2009-2015 i
Ans- Definition: A vector whose magnitude is 5
one is known as unit vector:
Explanation: ¢
A unit vector is represented by an English al-
phabet having a cap upon it For example, d -
E.E.E etc represents unit vectors: A unit vec-
tor can be obtained by dividing a vector with / k
its magnitude i-e’
y_ &
a:-
a
In Carte-

The unit vector is used for the specification of directions:
sian coordinates, we take unit vector “i " along x-axis, ] along Y

axis and “k " along z-axis:

Q8: Discuss the multiplication of a vector by a number?

Ans- We can multiply a vector by a number: If the

number is positive, then the direction of given

vector and product vector will remain the same: IF
the number is negative, then the given vector and
product vector will be acting in opposite directions
to each other, as shown in the figure:

Generally, if a vector “A " is multiplied by a num-
ber “n”, then its magnitude will be ¢qual to “nA"*

Q9: Discuss the addition of vectors by graphical method (or)

_geometrical method? " _O\
Ans- We can add two or more than two vectors by geometrical me-

thod or graphical method to get their resultant vector: We use
“head-to-tail rule” for addition of vectors by graphical method or

geometrical method-
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Steps_to_add two Vectors by Head-to-Tail Rule:

The following steps must be followed to add vectors by head-t,-

rule: '

]+ Select a suitable scale for the representation of given vectors.

2+ Draw the I'* vector according to the selected scale
direction-

3 Draw the 2™ vector according to the selected scale in the
cified direction such that its tail touches the head
vector:

% Now draw the 3™ vector according to the selected scale in the

specified direction such that its tail touches the head of
second vector-

Continue the above process for given number of vectors:

For getting the resultant vector
vector to the head of the

.

vector by fh# Fymbﬂf HE ",

7+ Measure the length of “R " which will given

& Tﬂ dftﬂf’m.{ﬂt the dff'g{t,'aﬂ of n;é "
with respect to positive

its magnitude-

» Measure the angle of “R
x-direction in anticlockwise sense-

-

Example: Consider two vectors A and B such

-
tihat A=25km and directed towards East-
E=20km and directed towards North- Draw |we— > E
_thﬂr resultant vector and find its magnitude
and direction?
- a E vs
Solution: (i) First we select a suitable scale

Let 5km =lcm then 25km = Sem and 20km =

4cm
(i) Now we specify the directions as shown in

the figure-

(i) Now we draw vector “A" according to the selected scale in

the specified direction-

(iv) Now we draw vector “g according to the
selected scale in the specified direction such

that its tail touches the head of A

(v) Now we combine the tail of .3 with the

m - 53

tail

f*ﬂ thﬁ 9;ven

5pe-
of the firse

the

» fombine the tail of the first
last vector- Represent the resultant

1lib l'iu - 59

———————

head of B which gives us the resultant vector “R™

(vi) Now measure the length of “R” with the help of meter rod
which is about 6-4cm- This represents the magm‘tudc of vector

"ﬁ " which is infact 32km according to the selected scale

(vii) Now measure the angle made by vector “R” with x-axis or

East direction with the help of protractor which is about
38-6°- This gives the direction of resultant vector R

.
- =
——

QIG-: Discuss the addition of more than two vectors:
-n‘?n:r- EU': can add any number of vectors by “head-to-tail rule

thod- o
Example: Consider four vectors A B.C

me=

and D in xy-plane as shown

in the figure:
To add these vectors, we take the following steps:

Step-1: We draw x-axis and y-axis perpendicular to each other:
Step-2: We select a suitable scale-

Step-3: We combine the tail of “B" with the head of “A" ac-

cording to the specified direction:

Step-4: We combine the tail of “C"
with the head of “g ” according to the |
specified direction- . S ,

Step-5: We combine the tail of “D"

with the head of “g according to the 3

specified direction:
Step-6: Now for finding the resultant, .,:,

we combine the tail of T* vector “A”
with the head of last vector “D” as PISITL. DI, .| . -

shown in the figure: Thus vector “"R”
represents the resultant vector due to

-

combination of four vectors:

sl -
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R=hAs8+Ce b

J

Us; :
$ing this method we can add any number of vectors:

17: Di '
Q77: Discuss the commutative property of addition of vectors.
(OR) Show that, A+ B = é-ﬁ ﬁ

=i

that both represents the adjacent sides of ; .

_——= —

a parallelogram as shown in the figure (a)-

-

Let we add vector B to vector A by

T4

)

head-to-tail rule and get their resultant F .

figiai

vector R as shown in figure (b)-

S50 we have,

—ill

R=A+8 (1)

Now if we add vector f-'; to vector § we

—

get the same resultant vector R as shown

in figure (c)- S0 we have,

R=B+A (2)

Tig fi b

A+E 2+ A
(FA+E)and (B+ A) construct a parallelogram as shown in figure (c)
Now comparing equation (1) and equation (2), we get

| -

ﬂ+§=§+5: (3)

k

Equation (3) shows that vectors obey the

i commutative property of

Q72: Discuss the subtraction of vectors?
Ans- There

is no di
irect method for determining the result of sub-
traction of two vectors:

figure (a)-

=i

Consider two vectors A and E as shown in

f we want to subtract vector B from

Now 1

vector 4 then first we find the negative of - .

vector 3 as shown in figure (b)- e

Now to subtract B from A we add the neg- '
: ) ~tai A i

ative: oF & %0 A by head-to-tail rule as hr‘:}

shown in figure (c): For getting their resul

of (-8)
Thus §=a+(-3) represents th
to subtraction of two vectors:

e resultant due

Q13: De?i:r; a;:‘._ explain_position \ vector?
[ e1EA 2007 s =
Ans- Position Vector:
tion: 1
g can locate the position of a

The vector with the help of whith we
point with respect €0 some fixed paint is

Explanation:

In the given figure,
dimensions, the position vector ¢

known as position vector:

oP=r represents the position vector: In two

an be expressed as,
i

rex+ yﬂ
In three dimensions, it can be :.xpr:sszd as,

= 1

F - g
r=xi +y t2zk

——————————

_t_?f#: D:ﬁn: and ;xpfain the resolution of a vector?
(ETEA 2005,2006)

= - — =

Ans. Definition: The splitting of a vector

into its components is known as resolution 4

of a vector: p
Explanation:

Consider a vector F lying in xy-plane by 7

making an angle "0" with x-axis, as shown in

the figure: 1A ‘

In order to resolve this vector into its com-
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ponents, we draw a perpendicular “AB” from the head of ve
on x-axis- _ - ‘

Thﬂi JE = ,l'-.:

ctor

represents the X=component or horizontal component

of vector F while BA=F,  represents the y-component or verticq

component of vector F - Now in AROB, we have,

08 F
Cos0 = — i e —
l Y ::-{fiasl ~ l") 1
=~ 'lF‘ = FCasﬂ[ . (7)
Similarly, in AAOB. we have,
_ AE F
Slfﬂ S —_— i = _7
0A i, 2
= |F. = Fsin® (2)
| L,
Equation (1) represents the magnitude of ' :

horizontal component of vector F. While equation (2) represents
the magnitude of vertical component of vector F.
g_!ggﬂitgude?pf_vg__t:_tzqg F: |
Applying pathagorem theorem to AROB, we get,

(Hypotenuse )*=(Base)*+(Perpendicular)’

= (0A)" = (OB)* + (BA)?

=F? = F2 +F?
¥

:"F=,‘.|'F2+Ff (3)

a

Equation (3) represents the magnitude of vector F

Direction of Vector r *(ETEA 2005)
We know that,

0. ds perpendicular

base In three dimension the
= tani = ;—; magnitude of f:'. Is

£ 7 F = JF2+ £+
— tﬂﬂﬂz—r:.t{]:tgn"' — 4

F 7 e ) - (ETEA 2070 ')

Equation (%) represents the direction of vector f::

. Chp-2 Vectors &_EthEE”j_'_EL

e m—

— —— e —
e —

——

—r——

"_;.';5 . Discuss the addition of vectors by rectangular components me-
thod- (OR) Discuss the addition of vectors by analytical method?

(BISE Mardan 2019, BISE Kohat 2013, BISE DI Khan 2019)

Ans- Definition: The rectangular components of a vector are those
hich are making an angle of 90° with each other-

mmpanents w
Explanation: g
The analytical method gives us more accurate
result as compare to geometrical method: It is "
because, the analytical method is more mathe- g
matical method than geometrical method: The 4

result obtained by geometrical method [head- | 5
to-tail rule method] is always approximately
correct., because drawing sketches can never be perfect-

Here we will consider two vectors and will find an expression for
their addition- Then we will generalize tne expression for addition of

“n" number of vectors-

—

Now let us consider two vectors A and B
making an angle ‘0, and ‘0, with x-axis

respectively, as shown in the figure:

_:-E'l

Now we add g to A by geometrical me-
thod- For this purpose, we combine the

tail of B with the head of A as shown in
the figure: Now to get their resultant, we

combine the tail of H with the head of 6’

as shown in the figure: Thus oD=R represents the resultant of A
and B so,

R=A+B (7)
Now for finding the rectangular components, we resolve A and B
into their horizontal and vertical components: For this purpose we
draw perpendiculars from “C" and “D" on x-axis as shown in the

figure: We also draw a perpendicular from “C" on “DG" which cuts
“DG" at point “F" as shown in the figure:

Now we see that, E-;E=H: and C!.?=H:_ represent the horizontal and
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vertical components of A respectively: While C}:E and FD g
P = L

repr ' m g
presents the horizontal and vertical components of B respectivel
ely.

Now from the figure, we have, C} = E% = 8_'- and C:? = F:Ei A
‘ = -

R =A+8 J

::-R_t'=ﬁ‘:+51r.:::-ﬁ‘=ﬁ.+3 (2)

Equation (2) re
) represents the magnitude of x-com R
Similarly, R = Bk omponent of R.

- RJ:HJ*E"';ﬁRr:Hr'*Er (3)

Equation (3) represents the maanitude of y-component of R

Now fi
or any number of co-planar vectors (A,B,C,D-+) equation (2
and equation (3) can be written as, ’

f_=ﬂﬁ+3’+c_+p'+--+- (%)
Similarly,
R =A +B +C +D +-- (5)
Magnitude of R:
The magnitude of R is given by,
= J(R? + R?) (6)

Putti on n e
ucting equation (%) and equation (5) in equation (6), we get

R = -'rrf'ﬁ +E +¢(
v F a "FD .'.i_._.E
i Y +(A,+8,+¢C #D + ) (7)

Equation (7) represents the magnitude of R
Direction of R:
We know that,

R R
tanB = E'- =0 = tan”’ [.._'.]

Putt ' : -
b bi .
ing :qun;mns (%), (5) in equation (8), we get
E:tan-'[ﬁrqigri-ﬂri.ﬂr*.“" . .
A, +E +C +D +.u. (32 I

Equation (9)

—

represents the direction of vector E

E‘HGFE & Eﬂhihbrtur;,___;ﬁ

B

2°

Where © represents the angle which is
tor with positive x-axis in anti-clockwise sense’

E__rﬂ‘mg_&—_m—i‘—‘durl E J‘tér i in "0 -: Second Quadrant y First Quadrant

Let “6" be the angle made by the ~ o 18 =0l

veckor R in any quadrant and © be

the angle made by the vector R with ¥
positive x-axis in anti-clockwise sense:
We can determine the value of 0 by

using the following procedure: -
= “R.
7. Find the value of tan”’ [—"] by
"b.Rl _ y Fig (h)
using calculator and call this angle V.2
as u¢ ", \:- _R. 0
2. “JIf “R" and "R,” both are posi- l

Chp-2 Vectors & Eoaibrium = 65

Seeps for Vector ﬂddftwmmgy_m&:

Draw the individual vectors being summed and the axis being

used:
fFind the x-components [horiz

components [vertical component] ©
Add the x-components of all the given vectors

ontal component] and Yy~

£ all the given vectors:
to get the X

" of the resultant vector R~

component “R,
£ all the given vectors €0 3¢

Add the y-components o
of the resultant vector R.

tor R i-e’

¢ the y°

component “R.”

Find the ma nitude of the resultant vec
R = 1}Rf + R*

Find the direction of the un‘:ftant vector

R
9 = tan”’ [-1]
R..I'

E e

made by the resultant vecs

K.
3™ Quadrant 4™ Quadrant

Fig(a)

o

tive, then the resultant "E " will
lies in T qugdrant as shown in
the figure (a)- In such a case, we
have

0=¢
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<" quadrant, as shown in figure (b) In such a case, 0 can b,
calculated as,

B =7180° - ¢_.'

If “R"™ and “R," both are negative, then “R " will lie in 3

quadrant, as shown in figure (¢)- In such a case, © can be cal-
culated as,

0 = 180° + ¢

»
—

S- If “R.," is positive and “R," is negative, then “R" will lie in
the 4 quadrant, as shown in figure (d) In such a case, O can
be calculated as,

0= 360° -

— = ——e

L |

_W16: Define and explain scalar product (or) dT;t prodrt:?

L(ETEA 2007-2017, BISE DI Khan 2019) |
Definition: If we ;*nu.-’tipfy two vector

ty, then such product of two vectors is known as scalar product or
dot product-

The scalar product of two vectors is equal to

the product of the magnitude of the two vec-

Ans- Scalar Product:

s and we get a scalar quant;-
Explanation:
tors and the cosine of the angle between them-

Let A and B represents the two vectors, then

we have,
A B = ABosh) (1) :
Similarly, 2
8 ,3:*3,?;5;3 A8 = 64 = :
= E A=AEcos) (2)
Com fr{f?i ..-j:quf]tian (7) and equation (2), we get,
A-B =8-A|_ (3)

Equation (3) .nows that the
| s scalar product (or) dot
commutative law- Now & Sas, g ( _)‘ ot product obeys

. it vectors i ,j and k we have,
it = wecos®  [Magnitude of unit vector = ; = 7]

B

If “R,” is negative and “R)" is positive, then “R" will lies in

gt j-i = Ix1 xcos0°
o i P=lxlxl [:asO"-’F}
ieio =1
Similarly, —
;.;:f and |k -k =1

[.j = 1x1 xcos90° ‘£:a590'=ﬂ]

—
- f.;=i"1?10=ﬂ
- | ;=G

If A=Aji+Aj+Ak and B=B,i+Bj+Bk then find

Solution: )

A - H.; + Hj + Hj. 8 = E'_F - E_; ~ 3_5
Now A-B = (Ai+Aj+Ak)(Bi+8,j+Bk)
(A B (i1)+AB(i])+AB(I*K) ;|
5 Al = AB.(ji)+ AB(j1)+ AB.(jk)+
AB.(ki)+AB(k])+ A B (kk) J

(A8, x1+AB, x0+AB x0+
- A-B=|AB x0+AB x1+AB x0+

AB. x0+AB x0+AB, xI
~ A-B=AB =0+0+0+AB +0+0+0+AB,
— |A-8=AB, +AB, =AB, (4)

The R-H-S of equation (%) represents a scalar quantity, so such

product of two vector A and 8 is known as scalar product (or)
dot product-

Characteristics_of Scalar Product:

- The scalar product obeys the commutative law i-e

S

A-B=8-A
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2- The scm’ar product obeys the condition of perpendicularity ;- :
A B = ABcos) = ABcos90° = ABx0=0 = EE =0
3+ The scalar product obeys the condition of parallelism i-e-
4 B = ABeos0"ABx1 = A B = AB|
4. The scalar product obeys the condition of anti parallelism j-e-
A B = ABcosd = ABcosIBO° = ABx(-1) = |A-B = -AB
5- If AB=0 and 6 = 90°, then either A =0 or B = O-

6. IfAB=0 and 0 = SO°, also A # O then B must be a null vee-
tor ire- B = 0+

7+ The scalar product abfys distributive law i-e-

Examples of Scalar Product:

-

-  Werkdone = w = F-d >

2-  Electric flux = ¢ = E-A=
3 Power =P =F.y =

o =

¥ Magnetic flux = ¢_

]
| Sy

Q17: Define and explain vector pr;n'u:t ( ar-)

cross pr;d'yct?
ETEA 2006-2008, EISE Malskand 2019, BISE Peshawar 2019 |

Ans- Vector Product: ) - )

Definition: If we multiply two vectors and we get a vector quanti-
Y, then such product of two vectors js
known as_w:ctar product (or) cross product- 5 i
Explanation: The vector product of two vec-
tors is equal to the product of the magqni-

tude of the two vectors and the sine of the \ 5

angle between them- Let ﬁ AB-T

represents the two vectors,

=il

gives us another vector ¢

cular to both ; and g Ie*

and B
then (H:.ré)

which Js perpendi-

é;ﬁ-’-"E_ (3)

and equation (3). W€ get,

: tion (2)
=
- ol 5 A (ff‘:) For inhm . direction of

You can determine the

N E: " by Rught Hand Rule as

Equﬂt!ﬂﬂ vector
tor praduct do not ubeys the shown 1n the figure.
L1
: w in case Of ol i)
commutative law ‘Na 4 : J =
unit vectors i) LKk we have, | A —_—

- C 1
[ xi1=iisin0n o
- . ] s I p— t'
— i xi = iisinOn %fgﬁ |
=1x1x0xn - Cabinn

™

s di xh.*0

5”'””!’-"‘9!
jxJ _
Now i x j = ijsirdk

= gs:’ngﬂ’(i) = ?17-"?{";) \-, /

— - I :
=0, kak=0 .~ j

—|ixj=k k
5I¢mf!ﬂrl'yl - - = - P - ™ - -
Tal = Afak o ikaj=dhal = Jluke"]
- - : B k then find

olatiofitd's Af + AJ + Ak B = B + BB

Now AxB = (Ai+ A+ Ak)x(8.7 <8~ 8.k)
(aB.(ixi)+AB (Ix])+AB, (i xk)+
> AxB = HIE‘(;J::)-PH'E‘(ij)-rH'B’l(fxft.)--
AB(kxi)+ A8 (kxj)+AB, (kxk)

L -
. . [as x0+A8k-AB]-AB]+ABXO
P Agi+AB]-AB +AB %0

-
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[0+ ABk-ABj-ABKk+O + 487 +

= HJE —
\\Hig;j — HJE’F sl 0

= H .-I.'E - H 3 ﬁ? " - - ™ " A
A H.S;.l’ — Hyglk + H’E‘f + H‘S,j o ng,l‘

> AxB -  -AB/ j j 2
ABi -ABj +ABj-ABj+ABK-ABK
P y

= [Ax8 = AB -AB ) i 3
( ¥ & J"Ei)f * (HIE-I b HISI))‘ X (ﬁlgr P HI'EI)R

)
The R-H- ' (
5 of equation (5) represents a vector quantity: 5o such

t 5

Characteristics of Vector Product:

I Th
The v:cfarﬂpma’uct do not obeys the commutative law j-e-
AxB# BxA

2 Th
‘he vector product obeys the condition of parallelism i-e-
AxB = AB sinBhA = ABsin0’4 [:.f'nﬂ' = ﬂ]
= AxB =0
3 IfA 3
If A and B are anti-parallel, then we put
0 = 780°, so we get,

Ax8 = ABsinBhi = AB sinBh = AB sini180° A [ sin180° =

= EJE =0 — ﬂ]
4 If AxB =0 and A=206=0 or 02180

null vector- '
S- I‘h: f“fw priufuft obeys the distributive

Ax(B+ C) = (HJE) + (.!E.-I‘E)

Examples of Vector Product:

- Angular momentum =( = » , .

" 2n B must be a

law j-e-

r#F:}Lnr‘:P
-~
- - e

2+ Linear v | '
elocity ' terms of angular velocity j-e
B P

—#
—

3. Torque = rxF = A B

#- ) — . -
Magnetic force = vxB)=F = q(;.rg)

Ehgn'r:‘n{ éfgn{ﬁ:mnu of Vectgr Erga'gr:t

2- U/sing { -
.. = F "
of force re” T =% . _—
3. Using vector product, we can determine the angular m
- r i - .
of a body during anqular motion i€’ L=rxp’
(or) moment of force

explain torque

QI8: Define and
~ne. Torque_(or) (Moment of Force:
Beﬁﬂ:’fﬁgg: The turning effect produced
;;;;_}uc to an applied force Is known @

force:
Explanation:
The torque is an agen
pon the m

pr:sents the per-
the line of | o -

t of rota-

in a body about @ fixed
¢ torque (or) moment of

ular qgrceleration in

¢ which produces the anj 1
d force F-

oment arm T and applie

a body- It depends u
The moment arm ré
pendicular distance between
action of force and the poin

tion- Mathematically, we have,
Torque = (Mloment arm x effective force

—p t:rJI:'F

— |t = rFsin@A]__ (1) —
Equation (1) represents the vector form of torquer The magnitude
of torque is given by,

It = rF iinﬂ! (2)

Equation (2) shows that for given values of “r"” and “F", the tor-

que also depends upon ¢
- and ;’ are parallel to each other,

(i) If 6 =0 e then,

1 = rFsin0’ 5
—- 1=rFx0 [s:'nﬂ'-‘-'ﬂj
= [t=0 _(3)

Equation (3)
parallel to each other-

(i) IF 0 = 90° ie : and F are perpendicular to each other, then

shows that, there will be no torque, if r and F are
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“¢quation (2)

= t = rfsin90° [Ifﬂ?ﬂ" =7 ]
={ 7= x1 -
= facrfl (@

Equation (%) shows that torque will be maximum

if r and ;:: are
perpendicular to

each other- The torque is a vector quantity- |¢g
unit is N-m- Clockwise torque is taken as negative wh
clockwise torque is taken as positive- -
Dimension_of Torgue: (ETEA 2006-2008)
As torque = t = rF
= 1= rma : [F = ma]
= t1=mxkg =m/ se?

ile ant;j-

Torque is perpend;-
cular to the plane

« = 1= length X mass x length/(time)? of F and F-

LD o emr (ETEA 2009)
Q19: Discuss the applicetion of torgue?
Ans- _

'

’ 2

When we apply equal and opposite forces on the 5t¢'tn'ng wheel

of a vehicle with both hands, torque is produced and steering
wheel can be rotated easily-

\2- When we apply forces on the paddles of a cycle by means of
our feet, then these forces acts as couple “rces: As a result
the wheels of cycle begins to rotate and scle moves in the.
forward direction- S

3+ Similarly in an electrical instrument such as galvanometer,
meter af:.rd' voltmeter torque is exerted on the

\ i by means of electric current flowing

‘i‘\ _tion of this torque the coil ro

‘| the torque

am-
rectangular coil

through it- Under the ac-
tates and comes to rest where

1, s balanced by opposing torque: In this way needle
&t’u Mmove on the calibrated scale-

i Applying torque we can open a tightly closed bottle having
. threaded closures on the peck of the bottle:
2 A cross bar wrenc

A : h is used to change a tyre of a car- A certain
> ﬁfrﬂ Is ﬁ:f'ﬂ, exerted o

n each handle of the wrench in opposite
direction These forces %

§ h—s_\r_hmmﬁmiﬂuph due to which th

—

-

/I =

n:t tﬂ'rquﬂ

couple arm’
1 =PFL = - (?)

Where “L” f; called a couple arm-: L
6. Similarly applying torque on a ptu.".fe? by me
can take water from a well in daily life’

of a rope we

#‘_

———————

M M - ,? N
Q20: Define equilibrium: Explain with examples

= . 4
| ETEA 2012

Ans- Equilibrium:

Definition: The state of a body,

under the action of several forces

ing with uniform velocity-

Explanation:

There are two types of equilibrium which are given below:

—

7- Static_Equilibrium: ‘ | -
wh:n a body is at rest then its acceleration /H
=

will be zero and it will be in state of static

equilibrium-
xamples tat ilibrium: Fig (a}

————

A book lying on the table is the example of

static equilibrium+ In such a cgse. the wﬂgh.t: H
of the book “w" is acting in_d:u:r:'m::::rafs di ¢
rection while the normak reaction R™ of the .
table on the book is acting 1n upwa-as direz- Fig (b) ‘

w —

tion, as shown in figure (a) Both torces bal-
ance each other and as a result, the book

‘r'.‘:main; in state of static equilibrium:

A bulb hanging from a rigid support by means

of an inextensible*thread is another example ‘?F ;t';atii quiﬁbﬁu:r- hj
this case,™the weight of the bulb “w" is acting ,.E dawnward:_ fr.r.r:-
tion while the tension [reaction] “T" in t:_ha strihg [thread] is act
ing in upwards direction: Both forces balance each other and as a

result the bulb remairs in state dfstatic equilibrium-

[
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2+ Dynamic Equilibrium: H‘!
/ _
When a body is moving with uniform velocity, then the body
Ll

have no acceleration a
] nd the bodu will be in s
equilibrium- e f e dy”‘””rr

Types of Dynamic Equilibrium:
b Dgngng;‘g Translational Equilibrium: When a body is moving yp;
form linear velocity then the body is >
said to be in state of dunamic transia-
tional equilibrium-

Example: A paratrooper falling down

with : | '
constant velocity is the example

——

of translational dunamic translational
equilibrium-
UWhen a paratrocper jumps from an

aeropiane in air, its weight “w" is act-

ing in downwards direction while the . ——

r‘ﬁﬂ:t n i e - ~ & s
ion “R"™ of air is acting in upwards direction: Both forces bal-
ance
each other and as a result the paratrooper moves downward
with ' 't ' ;
uniform velocity: Such velocity is known as terminal velocity of
ity o

aratro . ‘
p 1 r:.-tper In this way, the paratrooper remains in state of trans-
lational dynamic equilibrium- 5

2+ Dynamic Rational Equilibrium: When a body
uniform angular velocity, then the body is

s moving with

said to be i :
e in state of dynamic rotational unchanging
equilibrium- o

Examples: A compact /sk [CD] rotating

in CD-player with const nt angular veloci-

ty 1s the example of dynamic rotational @
equilibrium- A rotating wheel and grind;
rotating about its axis with canst:nt :?
gular speed are also the examples of d':-

narmic rotational equilibrium-

————
e ——

5 '“ ‘I"E‘ﬂ,r

ﬁp-? Vectors & Eqa_n}.

e ——

a ab Physics Notes - | _— -

N
erf_- what do you mean by concurrent forces? Explain with exarm~
ples- Las
Ans- Concurrent_ Forces:
Definition: Two or more than two e T
forces are said to be concurrent forces, ~ A
£ they are acting upon a body and
their lines of action passes through a ? ;‘;‘i‘;‘:‘““
common point: ! !
Explanation
Consider a bulb which is suspended by

the figure:

means of a thread from a rigi
In this case, the weight
rection while the tension [reaction]
upwards direction: The line of actio
the same point or €0

forces balance each other an
of equilibrium- Such forces are known a

—e

d support as shown i"n

“w" of the bulb is acting in d
«T" in the thread is acting in

n of both forces passes through

mmon point as shown

d as a result, the b
s concurrent forces’

ownwards di-

in the figure’ Both
ulb remains in state

Q22: Explain couple forces?

e ——
————
—_———

ETEA 2006-2008, 2012

Ans- Couple Forces:

Definition: Two forces having same
magnitude, acting in opposite direc-
tion having different line of action are

called couple force:

Explanation:
Consider two forces

Couple -F

TR

ugn and “-F" of equal magnitude acting on a

body in opposite direction as shown in the figure-

The line of action of both these forces is different, due to which

the body begins to rotate and thus
produce torque: Such forces are
known as couple forces:

Similarly, when we are driving a car,
with both hands on the steering
wheel, we push one side of the wheel
upward with one hand and push the
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oth / the -h £
:r side downward with the other hand, as shown in the
Both £ m | Sy
orces are equal in magnitude but opposite i direction: 59.5 ks
as

2
!

The couple forces produce angular motion in the body and result
$n

torque: 5
que: Such forces are always non-collinear and non-concurrent-

"_{ﬂuﬁb

Q23: Discuss the conditions of equilibrium?

(BISE Peshawar 2017)

Ans- T,
ns | here are two conditions of equilibrium which are given below:
1- First Condition of Equilibrium: ‘ i

A4

ccording to the first condition of equihibrium, a body is said to b

n ' ' . y

in equilibrium, if the vector sum of all external forces acting on th:
e

body is zero 1'e: they cancel the effect of each other ie

5F-9
In components form, we have,
F‘.,.r_;_.pFJi..l- .......... +;m=5
=5 L: F. = 0
Similarly,
Fit E ot g wovinens +Fn =0
=% =
— INF. =0
Lt dgaat

- -

iﬂﬂk lying == the takle and a paratrooper moving downivards with
uniform veiouity satisties the first condition of equilibrium-y
2- Second Condition of Equilibrium: ™
ficr:ardmg to the second cendition of eguilibrium, a body is said to
pe .n egquilibrium :

if the uert_qr_n':?m of all the torques acting on a

= U|

body is equal to zero* i-e- IT ¢

Explanation: K

There are certain sityations, in |EREEEEN

which an extended bodu will not be VF 4 I
in equilibrium even when the first ' |
condition cf equilibrium is sat:fsﬁfd-

Example: In the figure (a) two

gl

equal forces are acting on a meter C m
rod in opposite direction: As the B )

'Fhﬂ.'cs Notes = 17 Year

s0 the meter rod

¢.on of these forces are not the same.

ines of ac
Al A rootate i ﬂ.ﬁfr‘

n in state of equihibrium and begin

Sec the Ffirst condition of eaguilibrium

such situations we should arrange the

lﬂlﬂ Ft:'f refman
s Not suffi-

clockwise directron:
aent 10 cuch cases: Under

sody 1n such a way, that they causes cloc

forces on the &
and anti-clockwise torque acting on the body simultaneously and carn

cel the effect of each other. as shown in Fiqure (b)
Sum of clockwise torque- Sum of anti~clockwise torque

kivise torgue

Thus we have,

— ‘1_"__ Tt = E. t"r"L| ('?)
In general form, equation (1) can be written as,

T = '
£ =1 (2)

NOTE: When the
near acceleration an

| equilibrium-
When the second condition
rotational acceleration and the

first condition is satisfied, there will be no Ii-
d the body will be in state of translational

of equilibrium is catisfied, there will be

no body will be in state of rota-

tional equilibrium-

Thus we can say that, a &
both conditions are satisfied-
in state of equiliprium if ic _has no accel

and centre of mass:

ody will be in complete equilibrium, if
Thus in general, a body is said to be

eracion’

Q24: Explain centre of gravity

ETEA 2011
Ans- Definition: The centre of gravity is that point in a rigid body,

where total weight of the body act, while the poinc at which the
external force can produce sranslatory motion in the body is known
as centre of mass+ Both these points exists if the same region of

the rfg:'a' bod y-

Explanation:
Consider @ ra’gfd' body

having total

weight “w" and total mass “M" as

shown in the figure:
Let the body is divided into large

number of small elements each having
m_:-. ----- 1-111.‘.' m" regpgt-

tively-
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Now due to the force of gravity, each element will experience gray;- ship-

O o M M, FRSRENGY 5- e m;asura the length of S‘E with the help of meter rod
:ui"m:hthe tata; ;csua’tant force intnc:ced jy dt‘:hmj bfdy will be equal which is about 6-8cm [340km]-
0 the sum of forces experienced by the individual elements j-e- % th the
Total weight = w = W, + W, * W, + e *w, 6- We measure the angle made by vector OE with east wi
= W Emgtmgtmgt e +mg help of protector which is 106” with H”ti'
= w=[m+Fm, + mjd..p. ..... +m Jq Ans- (a) Etm.«g}rt ;’:nitfstan::c = E_ifjm = gf#ﬂ.ﬁ:ml
= W = total H'Tﬂii_,? q {tgtgf mass = MJ (&) [ﬁngfﬁ of ;trﬂ:gﬁrt line with east = 106
.2 - [FE5iGNmEN T2
In equation (1), “w" represents the resultant weight which acts a¢ An airplane is moving at 120m/s at an angle of 10° with ..r-'ﬁ'..n:s.
a single point- Such point is known as centre of gravity- ihrough: @ 30m/s cross wind, blowing at angle of 260° with x-axis-
Determine the resultant velocity of the airplane:
Solution:
Given Data:
Let u:, = 720m/sec making an angle of :
A ship leaves part and travels 200km at 30° North of East: Then 10° with x-axis and ,,,; = 30m/sec |

it changes its direction and travels 350km in a direction 140°

North of East to reach destination- Calculate straight line distance
covered by ship-

making an angle of 260° with x-axis:
Required: Resultant velocity of air- | xeo-o

e _?

Solution: plane = v = |

7= First we specify the direction- Calculation: The resultant velocity is

2- Now we select a suitable scale: Let 50km = Tem then given by, E
EQGRm = ‘I‘Em, 350#”} = 7:m v = \.-II-I":‘ + vf {?) ]

3 Now we draw a vector which is %cm long and making an angle
of 30° with east: Now we draw another vector which is 7em
long and making an angle of

First we resolve v, and v, into its ho-
rizontal and vertical components as

| hown in fiqure (b): Now we have,
140° with east as shown in B Scale: show r= V:imu] o e il

h Let= ¥ikm = lum 7."'“
the ﬁgur‘e' i ., + Then Y506m = Tom = v, = ?2{}.[{]'935 m/sec
4. Now for finding the resultant '
 vector, we combine the tail of

Hhm = dym

= v, = 11827/

/ S&C
. R =6 B ¥ - .
first vector OA with the head o, And v, = v,sim), = 120 x5inl0° = 120 x 0-174 m/sec
¥y
of fast wvector AR \The L = |v, = 2088/

O5 = R represent the straight
line distance covered by the

0 == Similarly,
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B

= 30x0:17% mfsr_:c‘: '
.29m

=¥ V.7 522 /RJ

And v, = v,sind, = 30xsin80°

= 30x0-985 m/sec
 _ sQ.€66M
g = 29 55 /SEIE:

Now the x-component of resultant velocity Fig(c)

= ’v,

is given by,
ey (V%) =% ™ (7182 - 522)m/sec

— vy =112-98 m/sec

Now the u-component of resultant velocity is given by,
v, =v, § (-v,,) =V, =V, = (2088 - 29-35) m/sec

— -&8-67 m/sec

Putting the values of “v,” and “v," in equation (7)
v= W2 +v: = (112:98)° + (-8:67)

— v = J12764-5 + 75-2 = 128397
2% = r33my/ |

/ sec|
The direction of “v” is given by,
_ g
0 = tan’ % | tan"i L. 74
. 112-98

= 0 = tan (0-077) =0 = &°
Now the actual angle of “v" with positive x-axis is given by,
0 = 360° - 4" = |8 = 356"

EXAMPLE 2:2:

Two forces F =15N making an angle 8,=70° with positive x-axis
and force F,=25N making an angle 8, =220° with positive x-axis,

act at a point, calculate the resultant force F,.

Solution:

é&aﬂ:l?_itj:
Force F, = 15N, angle 0, = 70°

Force F, = 25N, angle 0, = 220°

= -

quufrﬂd: Resultant force F; = 7

Calculation: The magnitude of the resultant force is given by,

P JBR CE (D)

First we resolve "F" and "F)” into its

components: For “F,", we have,
F,. = F cos(), = 15xcos 70° = 15x0-342N

 F, = 53N
And F, = Fsi), = 15xsin70° = 15x0-939N
= £, = 1409N

For F, we have,
F, = ~Fyof), = -25 xcos40’ = -25x 0- 766N
= F, €195
= F, =-19-15N [negative sigh shows that
“F,." is acting along x'-axis]
And F, = -F,sim), = -25 x sin40°

= -25 x0-6%93N
= P ® 16-:07N

Now the x-component of the resultant is given by,
= F, +F, =513N+(-19:15)N = 513N - 19-15N

F
= F = -14-02N

And the y-component of the resultant is given by,
F. = F +Fg=T409N + (-16-07N) = 14-09N - 16-:07N

= F'Ir = -1-98N

Putting the values of “F," and "“F," in equation (1) we get,

= J(-14-02N)° + (-1-98N)?

= F, = V1966 + 3-9|N = J200-5N
— [F, = 1416N
The direction of “Fz" is given by,

0 =m.r{%] = mp( 1-98 ] N w.:{&I#)

1402

= It_l = -}-9?"1

As “F." and “F," both are negative so the resultant force lies in
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th “ i i ,
rd quadrant: 5o the actual angle GF F" with positive x-axis js ..-rarue.-. of “F," and “F," in equation (1), we ge,

ven b Putting the ve M i MGt . €
4 y* £ (ggsu) +(25) V7Y 9956*6?5 N
= 180 + B = 180° + 7-97° :}|H = 187.97° v

ASSIGNMENT 2:2: < £ = 699:9956 [N =F = 26.46N] or [F = 26-5N)

Nayab Physics Notes = 1 Year

——

————
e —
— —

Chp-2 Vectors & Eﬂ:tbf"-"l .

A force £, = 20N making an angle 0, = 30° with positive x-axis 4 Direction of F: ,,
force F, = 30N maki " oy 8 Ae
making an angle 0, = 150° with positive X-axijs, We have, 0 = tm"[_'l s ..r._.. .
acts at a point, calculate the resultant force? \Fo) ' "
Solution: o 25 | = tan’(2:686)
Siven Dese 7t | 5ee)”
- | 0 = ?0-8“'
20N at angle of 0, = 30" with positive x-axis B . : tive, so resul~
F2 = 30N at angle of 0, = 150° with positive x-axis As x-component of F is negative, y-component is positive,
Required: Resultent force = F = 2 tant force £ will be acting in second quadrant by making an angle
Calculation: The magnitude of resultant force is given by, of 70-8° with negative x-axis, as shown in the figure (¢): 50 the
F = [F°% L* - .
VAL N (7) actual angle made by F with positive x-axis is given &Y,
First we resolve F, and F. into its compo- ) o = 180° - 70-8° = 109-2° =|6' = 109-2" _
nents, as shown in Egurg ('E,) For “E. " e EXﬁfﬂPLEEE
f’m’ﬂ;‘ L uso| F Find the angle between two forces of equal magnitude such that
= 209, = @0wos3C = 20 xpRORY = - the magnitude of their resultant is also equal to either of them: _
= |F, =17-32N
= Figia) 5ﬂ'a’u tl‘ﬂn
fqﬂd: = Fsm = " - - " ) ;
7 mi Eﬂxif‘jﬂ 2&1{].}” { Lat F ﬂﬂd F reprtitﬂti thﬂ two vectors Sufh th’at F 5 ﬂﬁt!nﬂ

—" -r' = JON|

L

along x-axis while F:, is making an angle O with positive x-axis, as

For F,, we have,
shown in the figure: [Oalso rcprcs:nts the angle between the two

Fb = ~Fecof), = -30 x¢os30° = -30 x 0-866N

=

53 E’ - QS*QEHJ vectors]: First we resolve F, and F into
And F, = F.simd, = 30xsin30° = 30 x0-5N Fig (b) their horizontal and vertical components: f Y
= |F,, = I5N] As f, is acting along x-axis, so it posses ho= | . » AT
3 F
- tical compo- '
Now the horizontal component f#'ﬂﬂmpﬂncntf of ‘the resultant “F" rizontal component and no verti p
s given by, nent- 50 we have, Fgta) |
= - - = =
= o F'_ Lf?-.?.? + {-25-93)}” = (77-32 - 25'93)1'»" F,‘ = F;Eﬂﬂ = F;L'ﬂﬂja F; xT
2 |F_:-355N ' - F, =F
Now the y- compo.jent [ While F, = ON - -
vertical component v = F.
“F" s given by, . ] of the resultant force Now, F,, = Fcof),F, = F,sird
F, = Fh, +F, = 10N + 15N = F = 25N Now the horizontal component of resultant __
¥ F. i
is given by, i

N
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R, = F, +F,

= R, = (F +F,co50) (1)

Chp-2: Vectors &ﬂihbrmm - 84

(ii) Direction of R =1 = ?

While the vertical component of the resultant is given by,  a F =7
R =F +F, =0+F,sin (b) Balance force of R = F = | \
Rr S J 2 solve £ and F. into its horizontal and vertical com
= R = Fsim) (2) (a) First we re , 3

s0 it has only horizontal

is lying only along x-axis,
ual to zero 50 we

ponents: As F,
vertical component will be eq

Now the magnitude of R is given by, &

R = JR! +R? (3) component and its
Putting equations (1), (2) in equation (3), we get, "’“;:, _ £ cos® = 20 #cos 0
R = \(F +F,cos0) + (F, sin0)? ;' " ;_:o.:w
f = la z
= R=JF?+Feos’0+ 2FF,cos0 + F7 sin® 0 [ms’ 0+ sin°p = IJ — F. =20N and F, = ON
= R=F? + Fi(cos’ 0 + sin* 0) + - s . : cal components, as
E \I{FE ;fras sin“ 0) 2FF, cos 0 Now we resolve F, into its horizontal and vertica P -
— = 'i.(' ¥ Pyt .?F;F‘, cos ﬂ) (Q:) shown in ﬁgurg (b)' S0 we have, == _-!"
As in equation, we have given that, R = F, = F, F,, = =F, ¢050 = -10xcos 60 :
s F
50 we generally put R = F,=F,=F = F,, = -10x0-5 = -5N K, ‘ s
S0 equation (%) becomes, = F, =-5N \ . >
—— - 1 4 F
= F = VF  +F? 4+ 2F% ¢os 0 While, F. = F, sin0 = 10 x 5in 60 P
f ¥
= F=FNT1+1+2cos0 = FV2 + 2¢osb gy B = 10 x 0-866N Fig(b)
= F=Fy2+ 2¢0s6 = F,, = 866N
= 1= y(2+2c¢os 0 () Now the x-component of the resultant is given by,
Squaring both sides of equation (5), we get, R =F, +F,, F,, is in second gquadrant
] =2+ 2¢0s0 = R =20+ (-5) = 20 - 5 = 15N so it is taken as negative.
=5 "
= 2¢050 = -1 = ¢0s0 = - -0-5 [m:{'—.r) = ¢os "'J 5 i WS -
= cos0 = -05 = 0=cos"(05) = [p - 120° HEWRF'IE?P";‘”‘: of R (resultant] is given by,
Thus the angle bet " =y + Fay
gle between t-hz fw:f forces js equal to 120° =a R: - ON + 866N
[ossienmenT2 s B o & R - 66N
Two :"arc..:s of 21?3!0' and TON are making an angle of 120° with each (i) Now the magnitude of the resultant is given by,
other: Find a single pull that would (a) replace the given forces R = fRf s R
system (b) b_nfanu_tM:n forces system- 3 ' 2 205 + 74.9956
saution . - R 5T 5E - (25
. . o JON — R = J299:9956
Let | Fi = 20N acting along Xx-axis, Fz = JON F, - [R =17:32N
' making an angie of 120° with positive x-axis ‘o il A . BN siven b
| - . 3 0 20N (ii) The direction o is given by,
| (a) (i) Magnitude of resultant of F, and Figta) N i -

~ S
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(b) Let F be the force which balance the resultant R [i~e* resul-
tant of aiven forces] then F must have the same magnitude as R
{mt oppesite to R as shown in the figure: So F = 17:32N and mak-
g an angle of 210° with positive X-axis, as shown in the figure (c)
R and Fare oppesite, so the angle between them is 180° As R

make 30° w; . S ‘
- := 2?o:nth X=axis, so the angle made by F with x-axis = 180° +
I v e o —— : — - w——

EXAMPLE 2-4 .

l.a"'u::tm." ‘A’ having magnitude 3-2 makes 50° with x-axis and vector
B’ with magnitude 5-1 makes 170° with x-axis: What is the magni-
tude of their dot and cross products?

éa[ut;‘an: X N o
: Givgn Data:

Vector |A| = 3:2, angle 6, = 50° with x-axis
Vector |8| = 57, angle 0, =710° with x-axis

Required: (a) |4« B =7
(b) |AxB| =7
Calculation: (a) Let ‘0’ be angle between

two vectors, then we have,
0=6,-06 =70° -50° = 60°

We know that the magnitude of dot prod-

uct is given by,
AeB| = ABcos D (7)
Putt{ng the values in equation (1), we get,
AeB| = (3:2)(51)(cos 60°) )
= |A% B =32x1-5x0'5 = 876 = 8.2
= ||[AeB| = &2

(b) The magnitude of cross-produce of two vectors is given by

2

putting the values in equation (2), we get,

14 . Pl |
laxBl = 32x 5.7 xsin60° =32x571x0866 = i:,q - fi_:__rfi.ij
Show that IJ‘&-EII" +|AxB]’=A‘3‘
Proof: | K
gﬁ;ﬂmagnitude of dot product of two vectors A and B 15 qiven by,
A xEII - AB cos® (1)
5qu¢;rfng both sides of equation (1), we get,
lﬁi-ﬂ'r - A%B7 cos* B (2) .
The magnitude of cross-produce of two vectors A and B is given
by,
1H:3i = AB sin 0 (3)
Squaring both sides of equation (3), we geZ,
Ax8] = A8 sin” 0 (%)

Adding equation (2) and equation (%), we get,
A-8[ +|AxB[ = A8 cos’ 0+ A7 sin” O

cos? © + sin’ B = 7

d

|§-£§i2 + H Bl = A*8? Ecns:" 0 + sin’ B]

—

& it < = 2
— Iﬂﬂl +1H.I.'E -'-HIE x1
=

R L

= ﬁﬁ-gla +1F]‘Igt: = A°E°

EXAMPLE 2:5:

Hina weighing 450N is standing at the edge of the um’Far:rn df.':’.l‘ﬂ:
board 5m in length- Weight of the board is 1SON, and is bolte

down at the left end, while being supported 1-50m away by a
fulcrum, as in figure 2:35- Find the forces and that the bolt and

the fulcrum, exert on the board- ]

Solution:

Given Data:

Weight of Hina = F,, = UM
Weight of board = F. = 1SON



https://v3.camscanner.com/user/download

- 1
= {, =25m . f‘m - Solution: Given Data. & ]
. | : ; ey Js & ﬂ; bfﬂm‘ W, = ZGGM :
| * ' Hing A Weight of man=w, = A |
Length of board | k=" / 400 L\ Iﬁ'
kxfl =5 | | {l Tension of the rope- T = OON A |
Sk o Bol, n.,,:l., C \]] ¢ h ﬂf beam= r = &m @orssssnnissasnassasasnnsssisonss -
Required: (a) [T P R e ‘ i
Force exerted by fulerum =f, = ? ' Requiree: ?l —
. nag" = p = N
(b) Force exerted by bolt =Fy = 7 | .V, ! , . e : for balance tond |
" ! . n ™~ g
Calculation: For the axis of rota- e L), w3 Caleulation: Now for balance P |
: i ‘ l sion, let the weight of the beam is h
tion at point A, let the torque — T | : | ¢ (A}
' d d sy M T ﬂ'ft;”’ at Pﬂ;ﬂt g ﬂﬂd Wﬂfght ﬂr 1
of board is "1, " and the torque produced by weight £ qi - .t the man is acting at point “D" as | | .LILD. ' i WO
"o , Yy 1’:‘ [e) ’ﬂ"! Hl'”ﬂ' 15 Ihﬂwn n ﬂgﬂrl rb)‘ The torque .r | -
due to "w," is given by,

By second condition of equilibrium,

ved trsr;xw,=3x200:&1,=saow'm
= L~t-t, =0 The torque due to “w," is given by,
= (ﬁ,—)(f,) = (;;:)(Ir:) = (Fu)(rn) =0 ML AW, = ri.t#GG -y = iﬁﬂﬂraN
= (F)t) =fﬂ)(*'¢)+(ﬁ.)ff”)=>ﬁ - l’*‘;)(!,)+(ﬁ,)(rn) (1 The torque due to tension “T" is given by,
R s (t,) — () ¢, =rxT = 61400 = 3, = 2400Nm
utting the values in equatio =
¢ . (150N)(2:5m) + c450m)comy " Were we see that “w,” and “w,” produces torque towards left, so
‘ 7-5m total torque towards left is given by,
- F;. - 375Mmr;225£?ﬁm sam P o 2625Nm ;‘:— : :—m . 1, = t, £ ¢, = 600Nm + QGGJGM
‘am ; 7-5m <5 Ll . :
(6) Now the force due to bols “Fs" can be easily v i sus by solv- While “t, " represents the torque towards right, so
ing f:r:t: condition of equilibrium along y-axis: Such ¢+ twnl 2400Nm
“fF=0 = ~Fol 4, 4 (-F)+(-F )=0 Now for balance conditions, we have, T, = Ta
= ;,F' +:; 7™ NG, =0 = 600N'm + 400 xr,N = 2400N'm = 400 xr,N = 2400N'm - 600N'm
= =F -F -F
Puttf (3 c H‘ (2) = ..mio":m = Q'Sfﬂ = P, = q'sml|
ing the values in equation (3), we get, = 400 xrN = 1BOON‘m = r, = 400 | 2 J

F, = 1750N - 150N - 450N = Fo = 150N

W - " A .T.
A uni oy e U )P;}l;}ldﬂbluliufﬂfél]u -r;-.lb'ﬂu:l:fu / .
i ": form plank of zgcw and length 6m is supported horizontally ’ % d.r WU e baf) @
Yy a rope as shown n figure (a): If the breaking tension of the _-,ﬁf;.furb.ﬁulu:‘iw Ll e evisy ‘

rope is 400N, how far can o bo : ", A .
g ' y of weight 400N “ge . sedudS e BaLYT) @
Lo "B" i towards the support? i s v S e Sl

—_— — —— .

—

EN
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L—L—_M ]
4. The magnitude of vector A =2/ + ]+ 2k s
a-° 9 b' 5 ‘(r. 3 d. ?

= : = : 4= ; + 2; — :Jql = '.22 & I; - 2'? = E = 3
Choose the best possible answer: Sgt g == +/ 5 s ’
, 5. When F, = 3N and F = SN then F =

7
a- 6N v b 4N ¢ 2N d- ON
Sol: F, = 3N,F = SN, we know that

Chp-2: Vectors & Equilibrium =91 |

Twe vectors le with their tails ot the same point: When ¢,
angle between them s increased by 20° their scalor product :
a
the same magnitude but changes from positive to negative: 7—;
[

original angle between them was: T 2 = F_E s F,} o F.E = F? - F,J - (5-"'#",}: -(3N)* = 25N* - 9N*
e 0 b 60° ¢ 70° /d- 80° = F2=16N* = [F, = 4N|
Sol: We know that, A« 8 = AB cos6 _(1) 6- A meter stick is supported by a knife-edge at the 50cm mark:
P“th?ﬂ G = 80" we get, =ee. . i Arif hangs masses of 0-40 and 0-60kg from the 20cm and
fie 8 = ABcos 80° = 0-174A8 : 80cm marks, respectively: Where should Arif hang a third mass
=5 f‘?-S Lo.bln 2) " of 0-30kg to keep the stick balanced? Nic
Now put 6 = 80° + 20° = 100° ; . Ja 20em b 70cm ¢ 30cm - 25¢em
gl 00° in equation (1), | Sol: m, = 0-40kg,m, = 0-60kg,m; = 0-3kg
AeB = A8 ¢cos mg*ﬁg(_o.;?q) 6 =80 v = e pm—" V" - 4
= AeB = -0-174A8 (3) i >
Equation (2) shows that the dot product for 80° and 100° has the 2cm — =5
iﬂ.'.'r:re magnitude but changes from positive to negative, so the J é E
original angle s 80°- ) — m %
2:  The minimum numkber of ve I ki 1 :
ctors of unequal magnitud ;
80 produce u zery rasuleIE is: gnitude required o 3 T,
ar 2 Jb‘ 3 e & d' 5 L — — — - — 2 s
3. If the resultent of two vectors, each of magnitude “A" is also a r, = 30cm, r, = 30em,ry = 7
magnitude of “A": The angle between the two vectors will be: For balance conditions, we have, Tz =T,
a- 30° b 45° ¢ 60° sd- 120° = (w, x5) + (wsr) = W,
5_{'?!;' Thﬁ I"'Ff'ﬂ-"'tﬂnt of two Fﬂrft "F; " ﬂﬂdl HF‘J " is 9I.V£n by, — (mrgn) + (mjgrj) = m‘?gr':
R= VR +F; + 2FF, cos0 S = mpn +mr, = M \
According to given condition, we have, myry, — mn, (0-6 x30 - 0% x30‘5c 5 [T&" -12 g |
R = ,:':__,_ F, = F.s0 equation (1) becomes va m, ) [ 0-3 e /
F=\;"FE+FE*2F;£EIQ = FJ(1 +7+ 2¢os0) ={_5,.\I;m = |r, = 20cm — -
= 1 =V2+2c¢c0s0 > 1? =¢J24+2 2 0-3) |
( cos0) 7. If A =16em A = -1-0cm, into which qua- y
— Il =2+ 2¢co50 — 2:"};0:_? = I‘:-'ﬂ.fﬁ" 7 a ¥ X | ’ +Al".
) drant do the vector “A" point? X -A
= B = :ai_,(iJ = [0 = 120° a | b- Il ¢ Il Jd v A 3
. 2 Sol: A, = 1-5em, A, = ~1-0cm NN
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& Ae(AxB) =7 ———
va 0 b 1 ¢+ AF d A°B g

Sol: We know that (Ax8)=C____(1) !

Now A-(AxE) = A-C |

= A (AxB) =ACcos0 (2) —

As vector C is perpendicular to A and B 50 put 0 = 9p° ;
equation (7), we get, '”
A-(AxB)=ACx0 =0
=5 lla‘? ‘(AxE) = EJT

9. Two forces of magnitude 20N and 50N act simultaneously on ,
body: Which one of the following forces cannot be a resultant

of the two forces?
vVa 20N b+ 30N
Sol: £, = 20N, F, = 50N
We have, R <R<R__
= (F,-F)<R<(F, +F)
= (50-20)<R<50 + 20
= [30<R<70|
This shows that the range of resultant will be 30 or 70 or be-
Cween them: 50 20N does not comes among the possible values of

resultant-
10: If the dot product of two non-zero vectors “A" and “B" s

¢ Y0ON d- 70N

zero then the magnitude of their ¢ross product is.,....
a: O b 1 V¢ AB d- -AB
Sol: A-B = ABcos ® (7)

For HE‘ =0, put 0 = 90°, so equation (1) becomes
A'B = ABcos90°AB X0 = A-B =0 (1)

Now AxB = AB sin0 = ABsin90° = AB x] - AB

11-  The sum of magnitude of two forces e TI6EN: If the resultant
force is 8N and its direction is perpendicular to minimum force
then the force are:
v/ a- 6N and 10N b 8N and EN
¢t 4N and 12N d- 2N and 14N

Sol: We have given that, resultant = R= 8N and
h+F, =16 = F, S(®=-F£) )

According to equation, we

:u- 93

have,

RN =} - £ =F = (R F (2)
Comparing equation (1), equation (2), we get,

(16 -F) = R +F? (16 -F) =@ +F =8 + K
L, 256 +F? -32F, = 64 + F} =256 - 6% - 32F, = 0
_y 192 - 32F, = 0 =-32F, = -192 =, = 6N/
putting I, =ON in equation (1), we get,

F, = (16 - 6)N =[F, = ION)|

Thus the two forces are (6N, TON)-
12. Find the mass of the uneven rod shown in the flgure: If its

center of gravity is 1%cm from end A is.........

—

p——
ST
-“..L“l HH--.p--...I;... e -'H

b 1504 ¢- 809  d- 59

s a 1009
Sol: Mass of rod= m, =7, r, = 30cm - I%em = 16em

Mass of object = m, = 80gm,r, = 20cm
For balance condition, we have, 1 ., = T.a
=D WXL = WX mgn = mgr, =mh = m.r,
=
{saxzuhm - 1009m =|m, = 1004m
r

I )
!
The following diagrams show a uniform rod with its midpoint on

myr,

—
—

= m =

13
the pivot® Two equal forces "F" are applied on the rod, as
shown in the figure: Which diagram shows the rod in equilibrium?
ﬁgr F 3
” ;
4 b.
'I_'
rl “x ‘1— £
v d
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50l: The torque produce towards left balance || _—“""
the torque produce towards right e 'rlé E !
4 =1 or St=0 e T

74 For which angle the equation fﬁi-E‘E - !é:&‘[ is correct?
::- 30° Vb 45° ¢ 60° e o

Sol: ‘;é'g.' = ABcosO = ABcos 45° = AB(0-707) = 0-707AB

= A B = 070748 N

| A~ - ,
Now .HJBi = AE sin 0AB sin 45° - AB(0-707 ) = 0-707FA8
= |AxB| = 070748 (2)

Campar;:ﬂ_g equation (1), equation (2), we get,
Ae Bl =|AxB for 0= 45°
1S+ What is the net torque on wheel radius 2m as shown:
a- 1ON anti-clockwise |
b- 1ONm anti-clockwise
v ¢ TONm clockwise o
d- SNm clockwise +
Sol: Clockwise torque
=1, =rxF, = 2x710
Anti-clockwise torgue
= Tpe =P xF, = 2x5 = JON'm
Net torgue
| =T = T, = 20N‘m - 10N-m = 10N'm clockwise
= |r.,, = TONm clockwise

20N‘m

“_E_L,L'bi:..l.:T...-sLJ?.E-./‘-rf;.:.l,éLﬁlrﬁfgmltf_—_gu{-“{_ WL LST) o
= AP Jf Lf-‘.'”q_ :L*ull’lﬁ?; F'I Lf g
_ﬂ;b#:qﬂ:ff_fdﬁfJurLﬁ"&'_Mull’mﬂfd -

-I"Ll._-u.'z,;uuu.Lf _'-;Ejfl'f ” J-Jr' 'c“_..rb'-'-;'b’m ff f r._f o

P m———— —

g

hbfius

Q1: Is it possible to cdd three vectors of equal magnitude but in
different directions to get a null vector? llustrate with a diagram:

Ans- Yes, it is possible to add three vectors of equal magnitude but
Jifferent in directions to get a null vector or

zero vector:

Example and Explanation: | ) /
Consider three vectors A,B and C having same — B
magnitude as shown if the figure (a)- Let we
odd these vectors by head to tail rule: For this
purpose we combine the head of A with the C i
tail of B- Then we combine the head of E
with the tail of € as shown in the figure (b) =
Now for resultant, we will combine the tail of - :
first vector [ire: A] to the head of last vector [ie € ] But we
cee that the tail of A already touches the head of €- We can put
only a dot at ther point of contact- So the resultant vector If
this case will be a null vector or zero vector Thus we have
R-=-A+B+C€=0

Conclusion: Thus it is possible to add three vectors of equal magni-
tude but different in directions to get a null vector:

Q2: The magnitudes of three vectors are 2m, 3m and S5m respec-
tively: The directions are at your disposal- Can these vectors be
added to yield zero? lllustrate with a diagram-

Ans-Yes, it is possible to add these vectors to
yield zero or null vector:
Reason and Explanation: W e

- i »
Consider three vectors A.B and C  having

S —td—r L

magnitude 2m, 3m and S5m rcspectively: Let
A and B are directed towards East and E &
directed towards West os shown in the figure:
Now by adding A and E according to kead to > 3m

tail rules, we get, € Sm

i

——-l—-l—--':rn
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A+B =5 (EﬂSf:) . . . A 5 1l
Now adding vector € with A + 8 in opposite P e
direction, ie towards (West, we get

—

"ﬁ." nm i
A+ B+ (- L) = % 2 : L hl_—_t
Thus we get null vector or zero vector betause C= Sm
the tail of (A~ B) and head of C just touches each other- For Fao

sultant we can put only a dot which will give zero magnitude:
Mathematically we have,

A+ B+ (-C)

R =
- R = 2im + 3im + (-5im)
— Fi' = 5:.’?‘.' " 5:.1'?1

R =0

Which is thus proved-

)

Q.2+ What units are associated with the unit vectors i, j and k?

—

Ans-The unit vectors i )k are unitless because they are used for the
specification of directions only:
Reason and Explanation:

A unit vector in that vector whose magnitude is “1"+ The unit vectors
along x, y and z-axis are represented by i, j and k respectively:

The magnr‘tude of i,] and k is given by, y
7] (7) ;
') (2) . ,
| L~% > X
'a\ (3) i

Thus no unit is associated with i,j and k- The unit vectors specifies

the direction of the given vector only: It do not change the magni-
tude or dimensions of the vectors:

Example: Let there is a force of 20N| ier F = 20iN- Here the
unit “N" is not the unit of "I " The unit "N" goes with magni-
tude and not with direction: Here "i" tells us that the vector,
F = 20N is acting along x-axis* Similarly, F - 30Nj tells us that
force of 30N is acting along y-axis: Similarly, F = 30Nk tells us
that force of 30N is acting along z-axis+ Thus the unit vectors
i ; k are used for the specification of direction only

_— —

- = - |
f N_ﬁﬁﬂh fi‘_y_ﬁ“ Notes - 1" Year Chp 2 ‘u"ﬂmrs -E. Emuhbnum s _l

Q4: Can a scalar product of two vectors be negative? Provide a
pram" and give an example-
. Yes a scalar product of two vectors may be negative if they

are ant.tpara”:!
|RO”

Proof and Explanation: -
Consider two vectors A and B making an |€
angle of 180° with each other, as shown

in the figure-
The scalar product of these two vectors is given by,

—® -

ﬁ-B - HE’E&S{) (?)
Putting 0=180° in equation (1), we get,
A.B = ABcos18O° AB(-1)=-AB

— |p.8=-AB (2)

Which is the required proof Equation (2) shows that the scalar
product of two vectors will be negative if they are antiparallel i-e
the angle between them is 160

Example: Workdone against force of friction is given by,

A

et}

i 5
= w = Fdcosh P
— w = F,dcos180° = F.d(-1) N
= |w = -Fd (3) J

Equation (3) shows that the scalar product of two vectors i-e:
force of friction and displacement is negative: Thus the workdone
against the force of friction is the example' of negative scalar prod-

uct- "

Q5: A and B are two non-zero vectors: (a) How can their scalar
product be zero? And (b) How can their vector product be zero?

-

ns- The scalar product of two vectors A and B will be equal to
zero if they are perpendicular to each other: While their vector
product will be equal to zero if they are parallel or anti-parallel to
each other-

Reason and Explanation:

(a) The scalar product of two vectors A and B is given by,
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[ A8 = ABeosd ____ (1) : e

As we have given that A and B are non-zero

vectors, so for [A-B[=0, the other possibility is
that we must put 0=90" i-e- when the two ™) 90

B

| =

vectors are perpendicular to each other: 5o equa- A =
tion (1) becomes, s

[ A8 |= ABcos90° A X0 = |1AB (=0 e
(b) The vector product of two vectors A and B T D
is given by,

A xB| = ABsin® (2)

As wc_hmjr: given that A and B are non-zero vectors, so for get-
ting FI:E" = O the value of 0 must be “O" i-e: the two vectors

must be parallel to each other- Put 6 =0° in equation (2), we get,
A xB| = AB sin0°AB x0 = AxB =0

Also if the two vectors are anti-parallel to each other, then we put
0 = 180°, so equation (2) becomes
A xB| = ABsin180° = ABx0 = O

Q6: Suppose your are given a known non-zero vector A+ The scalar
product of A with an unknown vector B is zero- Likewise, the vector
product of A with B is zero- What can you conclude about B?

Ans- In such a case vector B must be a null vector e iE} =0

Reason and Explanation:

Case-1: We know that the scalar product of two vectors A and B
is given by,

A8 |=AB cosH (1)
Equation (71) shows that the scalar product will be equal to zero, if
A or B is a null vector or if the two vectors are perpendicular to
each other- As we have given that A is non-zero vector, so if

[A-B[=0, then B will be a null vector or both vectors will be per-
pcnd:‘cufar to eack other {cg; 90’ = {}}¢

Casai.‘ We know that the vector product of two vectors A and
E is given by,

5& Egudibrium

—
——
i —
-

= =g= ' Chp-2: Vector
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[ﬁxs‘[:ﬁsmﬂ (2)
: fFlAx8 ) wi Il vec-

According to equation (2), if |Ax8| =0, then A will be a null ve

or B will be a null vector or the two vectors will be parallel

tor, : _ .
to each other- But we have given that A s non-zero v:ct.ﬂr S0 If
fﬁxﬁ" _ 0. then B will be a null vector or both vectors will be pa-
|

rallel to each other- )

Conclusion_about Case-1_and Casez2:

'm case (1) there is condition of perpendicularly and case (2) there
¢ are contradictory to

In case -
is condition of parallelism- These two condition

each other- That is we cannot imagine the two vectors to be per-
pgnd:'r.u!ar and parallel at the same time: S0 we ruled out the con-
dition of perpendicularity and parallelism- 50 under such conditions,

there is only one possibility that is vector B must be a null vector

or zero vector:

.EJ?: Why a particle experiencing only one force cannot be in equili-

brium?_ i _ .
Ans- A particle experiencing only one force cannot be in state of
equilibrium, because it does not satisfied the condition of equili-

brium: . = 10N
Reason_and_Explanation:
:écc&-rding to Newton's second law, we have, ;
F=ma (7) F = 10N
According to first condition of equilibrium, a | = Te(3)
body will be in state of equilibrium if the alge- =
braic sum of forces acting on the body is equal L
to zero i-e :L:.;I;hl.

YF=0 (2)
Equation (2) will be satisfied, if forces of equal magnitude are acting
at the same line in opposite direction- Now in case of single force, eq-
uation (2) will not be satisfied According to equation (7), such single
force will produce certain acceleration in the body and as a result the
body will not remain in state of equilibrium-

Example: In case figure (a) two equal and opposite forces are act-
ing along the same line on a uniform body, so the body remain in

—
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state of equilibrium-

In case of figure (b), only a single force is acting on body- Ther, i
no equal and opposite force which balance the effect of “F,m. S5
the body will move with certain acceleration and thus will not ,,.
main in state of equilibrium-

Q8: To open a door that has the handle on the right and t_,t_,:
hinges on the left a torque must be applied- (a) Is the torque
clockwise or counterclockwise when viewed rrom above? (b) Does
your answer depend on whether the door opens toward or away
from you?

Ans- (a) The direction of the torque depends on whether the da;
opens outside or inside, when viewed from

Daosor
above: For example, if the door opens from 2

inside of the rocm then anticlockwise torque
will be produced-

(b) Yes the direction of torque depends on

whether the door open towards or away from us- |™*" g
Reason_and Explanation:

Consider a door having handle on the right
and hinges on the left as shown in the figure-
Case-1: When we pull the door towards us:
If we apply the force F on the door towards ourselves for opening,
then according to fiqure, clockwise torque will be produced-
Case-2: When we push the door away from us:

If we apply the force F on the door away from ourselves for open-

ing, then according to figure, counterclockwise torque will be pro-
duced:

Q9: Explain the warning, never use a large wrench to tighten a
small bolt?

Ans-We should never use a large wrench to tighten a small bolt- It
is because the bolt will be damaged due to large torque-

Reasons and Ex lanation:

We know that the magnitude of torque depends upon the magni-
tude of applied force, magnitude of moment arm and value of 0

Nauab

i — ——
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between them e

+ = rFsirt) (1)
Equation (1) shows that, for given val-
yes of “F" and O the torque depends
upon moment arm ‘r' i-e: qreater the

moment arm, gl"g‘.'ﬂtr!l" will be the torque

and vice versa-

Now if we tight a small bolt with large

wrench, then greater torgque will act on the bolt due large moment
arm- The bolt may be damaged due to excessive torque: S0 we should
avoid the use of large wrench to tighten a small bolt: To keep the
bolt in safe condition, we should use a wrench of proper size

Q10: A central force is one that is always directed towards the
same point- Can a central force give rise to a torque about that

point ?

Ans- A central force cannot give rise to a torque because it 15 anti-
parallel or parallel to the moment arm ac that point-

Reasons and Explanation:
Cans:’de-r a central force “F_,..." is act- : R
ing on a body at point “P" at a dis-
tance “r"” from the origin "o~ as

shown in the figure:

We know that the torque acting on a

body is given by, 2 Fig (2)
t = rFsinB

= TENE sin B (7)

e L B B
L

Now in the given figure, we see that the angle between “F e

and moment arm “r" is 180°, so equation (1) becomes
t = rF_,  Xsin180°

[ s 1
— A E R ey L 0 Ls;n?&ﬂ = E?J
> =0 (2)

Equation (2) shows that the central force produce no torque:

Case-2:
When “F...." and “r" are parallel, then we put 0=0°so, equation



https://v3.camscanner.com/user/download

Year

(7) becomes,
1=rfFsinQ’=rFx0=0
= k=24

Answers 2: The central force produce no torque
action of force passes through the pivot point-

because the line of

Comprehensive Questions

Give extended response to the following questions:

_QI: How are _vectors aﬂ:d _and Iubtract:d_geamutf‘fcﬂﬂ 7

Ans: See answer of questions no 7 and gquestion no 9 jn the text:

Q2: If a vector js multiplied by a positiye scalar,

related to the original vector? What if the sca
tive?

how is the resule
lar is zero? Nega-

Ans: We can multiply a vector by any number-

Case-1: If the number is positive, then the prod- ‘)

uct vector and original vector will

original vector A
btr I.I-2 ll"

acting along the same direction-
Case-2:

then we will get a null vector or zero vector:
Case-3: If we

vector will be acting in opposite direction-
vector A s multiplied with T
vector which |s twice than origi

As a result

be acting along
the same direction- For example in figure (a), the

s multiplied with positive num-

As @ number we get a product vector Fig (a)
which is twice than original vector and both ~-

If we multiply a given vector with zer¢ A

multiply a given vector with nega-
Cive number, then the original vector and product

———

rd
>4

Figib) W

In figure (b) an original

We get a product

inal vector but opposite in direction-

onents:
FQ‘P Explain addition of vectors by rectangular comp
Ans: See answer of questions no 12 in the text

@5: Def W ctors What
: Define the dot product [scalar product] of th 0 '.: ot
:::m:trft interpretation does the dot product have:

g!

les- : :
ﬂist Gee answer of question no 13 in the text ——— 2arcs

’ vectors:
: Define the cross product [vector product] of :w:ﬂn? ook
i}i.at geometric interpretation does the cross produc 2

examples: P o ' ' 3
ﬁn:-&: answer of question no 14 in the text

s . -
Q7: .E?sﬁns torque: Show that torque is the vector product o

force and position vector:

Ans. See answer of question no 15 in the text-

n di pe of
.Q&" What is mechanical equilibrium? Explain different types

equilibrium- . . _
Ans- See answer of question no 16 in the tex

Q9: What type of equilibrium is quaranteed by each condition of
equilibrium? _ ——
H:s- Static and dynamic equilibrium is guaranteed by. each car:drt::a
of equilibriurn- For detail see “types of equilibrium” in equations

16 in the text:

L Lol cydnsal St e p St e BEPSE oA %
' /S
“Lentiid, ,p’r’mﬁq_u.:-..;fo’: e fUd e Eﬁ;df:ﬁﬁ o
"-.;_L'f ..-..,f.-_.u}L..JIJ:ug{)-'ﬁ w2\ e s Sl o
"-gﬂ'U"'sh:Ji:-ﬂJ:Jmf;ﬁ..;# = e ﬁ?df:ﬁ;l oo
el B eeni iz e ML LM e BE G280
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CE: i gnzantaf [ire: with direction of bus]-
Numericalm -_QZ: A footbhall leaves the foot of a punter at an angle of 5%° pos-
: itive x-direction at a speed of 2Iim/s- Determine the horizontal
and vertical components of the velocity-

Q7: A person throws a ball straight up with a speed of 12m/s. ;F
the bus is moving at 25m/s, what is the velocity of the ball to an

> Solution:

;E;s.;r:nr on ground? L g e _ Given Data: Velocity of football

2olution: & erom—
Given Data: N ik : : <40

U_J' s ;b i Angle of football with x-axis=0=54

elocity of ba W Vs . " .
=V, =12m / sec . EEQE!_{'EQ‘- sus I/ = 7 s

il Y (a) Horizontal component of velocity=V, = : .

E":[iancy;‘;-sr &f (b) Vertical component of velocity = V, =7

=V _=25m/ sec .
Required: Velocity of ball to an observer V. = VcosH (1)
on ground

Putting the values in equation (1), we get,
V, = [27 xcos54 | m / sec = [21 x0-588 [m / sec

=Vum=?

Caleculation: Let the ball is thrown
straight North and the bus is moving East-
Here we add the velocities of ball and bus

— |V =12-4m / sec| or i = 12m 7/ sec

(b) We also know that,

: - = 25m / sec L‘L = Vsinb (2)
by head to tail rule as shown in the fiaure- Putting the values in equation (2), we get,
Now for finding the resultant velocity, we combine the tail of first V. = (21 x 5in5%° )m / sec = (21x0-809)m / sec
vector OA with the head of last vector AZ- Ths OB gives us the . vV, =16-99m / ”‘] of |, =Ties i
rzsur't:n;vzfanty or relative vector of the bal! “0 an observer on Q-':-?' A 1-84kg school bag hangs in the middle of a clothesline, caus-
ground- Now ' 1 - ; T in the clo-
(fg)z = (0A)? + (AB)? ing it to sag by an angle 6=3-50°" Find the tension, !
= Vo =V, VR, = (25m / sec) + (72m / sec)? thesline:
= vy, = (625m® / sec? ) + (144m? / sec)? Solution:
= V2 = 769m? / se? = v, = J769n 7 sec Given Data:
= v NE X2:9m 7 sec Mass of bag = m = 1-8%kg
OR lv., = 28m / sec Perpendicular=Vv,__ Weight of bag 1
: . Base =V}, = w = = 7-84 x9-8N = 18N
- ngle =9 = 3-
a |V P '
As 0 = tan [ﬁ} g = tm*f(ziz_J = 25.4° Required: Tension in the clo- | w = 18N
= |8 = 25.-6° e 2 thesline s
or |8 = 26° Calculation: Let T =T.=T be the tension in each part of the cloth
Thus the relative velocity of ball will make an angle of 25-6° with m:-wg resolve the tension in each part into their horizontal
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and vertical components, as shown in the figure: As the fyite :
in equilibrium state, so we apply the first condition of equil;
e

of, =0T, +(-T,)=0T, =L > (1)
And Eﬁ = 0= ET.- = 0> '.T;’ +T;,+(-w)=0

= T, +7, ~w=0> T,sin6, +T,sin0, = w

= TsinB+Tsinh =w>=>27Tsind = w [

= T = = = ( i ]M
2simMd | 2 x sin3-5°

-
|
-3
|
-~

F

(18 18
= T = N =
[\210-5‘51’} [g.;‘gz}”

= [T =147-5N|or [T = 148N

147-5N

bhum

Q4: Find the magnitude and direction of vector rapres;r:tcg by -the

following pair of components- (a) A, = -2-3cm, A, = 4Tecm (b) A,
_=3:9m, A, = -1-8m- |

Solution:
Given Data: '
(a) A = -2-3em, A = +4Tem

(b) A = +3-9m, A =-1-8m

Required: Magnitude of vector in each case
= A = ?

" [l = - q
Direction of A in each case = ¢ =7

¥y Fig(a)

Calculation: (a) We knaw‘ that the magni-

tude of a vector is given by,
A=A+ A? (7)

Putting A, = -2:3cm and A, = +%Icm in equation (), we get,
A= J(-2:3cm)? + (41em)? = 5-29¢m? + 16-8lem?

- .A = \f"(s-zg +16-81)em? = \J22-Iem? = 4-7¢em
= |A = 8-Tecm '

We also know that,

0 = tan” [;-’-’-} = tan” [E_IJ = tan'(1-78) = |0 = 60-7°
a ) 2-3

-ﬂhﬂr 2 'H'-EETBFE & Equilibrium = 107

nent is positive, 50

-component of A is negative and y-compo
b, & : ure (ﬂ)‘ Thus the

vector A lies in second quadrant as shown im fig e
gctual angle made by the vector A with positive x-axis is given by,

g = 180° -0 =0 = 180° - 60-7° = |0 = 119-3°)
Part_(b): Now putting A, = +3-9m and A =-1-8m in equation (1),

we get, " ;
A= [(39m) +(-18m) =\152inf + 3-24nf _
— A= \1845m* =|A=43m "

Now the direction of vector A is given by,

fﬁ 48 Y
9 = tan” —"~J N

A

\
”?-8]
= ¢an' | — | =0 = 248 |
- \ Sl d Fig (b)

As the x-component of A is positive ,:ind :
y-component is negative, s0 the vector A lies in fourth quadrant as
shown in figure (b)- Thus the actual angle made by the vector A
with positive x-axis is given by,

0' = 360° -0 = @ = 360°-2%&
= |0 = 335-2°

Q5: Vector “F" haw‘n; magnit-ud: 5.5\ makes 10° with x-axis and

vector “r” with magnitude 4-3m makes 80° with x-axis+ What i$

the magnitude of their dot and cross products? N

Solution: ) \y
Given Data: Magnitude of vector F=F=55N6, =

Magnitude of vector r =r = 43m, 8, = 80"

Regquired:
(a) [f-7|=7
(b) 1F- X Fl =7
Calculation: The angle between Fand |

F is given by,
g=0,-0 =80 -10°=0=70

(a) The magnitude of dot product of y
F and F is given by,
|f-r'-| = Frcos© (1)
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Putting the values in equation (1), we get,
iF r| = 55N x4%-3m x ¢cos 70°

= 5:5N x4:3m x 0-342

| . 1 =
= 'L:F r =809N'-m or [’F-.-'] - E-IN-m}
(6) The magritude of cross product of F and 7 is given by,
JF' Jz’r"ll = Frsin@ (2)

Putting the values in equation (2), we get,
F x7| = 55N x4-3m x 5in70° = 5-5N x %-3m x 0-939
]

T
— “F xr| = 22.-2N-m

- E” - 108 “Nauab P

QG_: The magnitude of dot and cross product of two t;ert:ars is
6vV3 and 6 respectively. Find the angle between the vectors-
Solution: B -

oiven Data:

_ |HEI - 5*-"3. IF_?,:E-‘I = 5
Required:

Angle between two vectors = 0 = ?
Calculation: Wwe know that
A o=l

Jﬁ_-B‘l ‘= AE cos 0 (7)
And JHA'E‘J = AB sin 6 (2)
Df'w'd{ng equation (2) by equation (7), we get,

lﬁ * EI _ fBsinl
ll,q-gl AB cos 6

—a IAJEI n sin O % 5
!f‘i'El -r:asﬂ i

= AxE 6

= tanB = ﬁi-él i EE

e ———————
“EP‘E 2 Vectors & g_ﬂ_l.llhf}.-.fl_u”_. - 109
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- Q7: A uniform rod Tm long with weight 6N can be suppartcdcf rr;;
horizontal position on a sharp edge with weights of TION an ;
suspended from its ends- What is the position of point of balance:

Solution: - e < |
Given Data: i =

Length of rod = r = Im TR i - o
Weight of rod = w = 6N

Weight suspended from one % 5 :, %
end of rod = w, = TON . r g :
Weight suspended from oth- ' \) — < | (/ .
or end of rod = w,; = SN 1, ) ‘
Let the midpoint of the

rod represents the pivot point, then
i % r p '
r =11Jm —r, = 05m and r, = [E}m:} ry = 0-5m
' 2

4 i L2 - Uﬂt
Let the center of gravity iIs situated at a distance I; from pi

point: p
Required: Position of point of balance =r; =

———

Calculation: For balance condition, we have, T,,.. = Tun
= T, =T, wn = W TWh
_ w,r, - W:I'E

' 7
= wr, T w,l, - w,r, =."|~r'_1 = = ()

Putting the values in equation (1), we get,

(10 x0-5-5x0-5 T =(5-2-51m
LRy 6 3" \” 6 ¢
" - Y
— 3 EES— m = O0-416ém
\

e=r7 0-42m

= |Position of point of balanc

Q8: A 4-0Om long uniform ladder with weight of L?_ON leans againsli
a wall making 70° above a cement floor as shown in figure: :Hssum
ing the wall is frictionless, but the floor is not, determine the
forces exerted on the ladder by the floor and by the wall-

Solution:
Given Data:
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Putting the value of “F_,” in equation (7), | sn0 = &c
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e R —

Length of ladder= AB = L = 4m
Weight of ladder = w = 120N
Centre of gravity from ground

:HG:E

2

Required: (a) Force of reaction on
the ladder due to wall =F_ =7

(&) Force of reaction on the ladder due
to ground = F = ?

Caleulation: (a) According to

condition of equilibrium, we have,
SF, =O0=F +(-F,)=0

first

= ol =@E SF . D
& Eﬁ‘ﬂ:&ﬁ +('w)=ﬂ=}Fy*w=g
= F"?.-?{?N'—“ﬂﬁﬁ = J20N (2)

e
— e e
— .

Chp-2- Vectors & Equilibre
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B
=

um-11p

.'Iﬂl'iq.].‘r.. Lujr.f

Now applying second condition of equilibrium, we get,

Sum of anticlockwise moments=- Sum of clockwise moments

= MR« F _ = ADxw

oL = AD x w
- (3)

Now from the figure, we have, AD = AGcos 0

L

17
=> HD=§.:¢$?£T =-§¢ps?f.? = 2e0s7F = 2x0-392 = 0-68% -

= AD = 0-68%4m

And AE = CB = ABsin@ = Lsin70° = 4 x(0-939m

= AE = 3-756m

torque
F “T)
E*““ : i
: p)
wall
L]
L
A/F
}-; F
70°
C
A F D
b i l
Floor
clockwise
torgque
In AAGD,
cos @ = f—-ﬂ—
AG
= AD = AG cos 0

AG =

]
2
L =4m

Putting the values of “AD", “AE” and “w” in equation (3), we get,

3:756

0-684 x120
F_u=[ A ]M=Fm=2r+m

we get,

F, = 21-8N (%)

In AABC,

AL
= BC = AB s5in 0

=8C = AE = AB sin®

(b) Now F ~ 2 N
(2) and equation (4) in equa-

puttlng Eqﬂﬂtflﬂﬂ'
tion (5)* we qet, ‘
F =] xr(-?f-gf +(120)° -!N

= F =

l{-_’ = 121-96N| or F = 122N

=

————

[ J475-24 + muﬂﬂjm 2 [quazﬁ*z#
L

—— - -
2 Vectors &

Eguiornu

—

"iru’

1]

AB = length of
Ladder = L

Q9: The 450kg uniform J-beam sup

ports the load of 220kg as

shown- Determine the reactions at the supports:

Solution:
Given Data:
Mass of beam = M = 450kg

Wﬂ'ght of beam
= w = mg = "EE{JIQ'E‘N

— w = 4410N

Weight of load
- H"'_, - mg = 22{:}.[9'3”

= W, = 2?55”

Moment arm of “w* =r =4m
Moment arm of “w," =r, = 5:6m

Moment arm of "R, =r, = &m

Required:

e —

(a) Reaction at “B”
(b) Reaction of “A"

1
A
i

A

l
o)
M

N

Calculation:

- >
¥ = % FHan Fmares
— e H.
3 | -
N . 4
.o > |le—>|«——>

(a) Applying second condition of equilibrium, we get,

T ol

aatifoch

= Ry xr, = (waxr)+(w, x5)

cio e
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s = V' (1)

Putting the values in equation (7), we get,

g fluaiilier *;EFSEJE'EJ‘:M g [’I?E-va +120736)
‘ ) & |

_[29713-6) .
8 _.iN =R, = 3?."1"2N| or iRﬂ = 3714N

Now applying first condition of equilibrium, we get,
LF=0= R +R +(-w)+(-w,)=0
= R+R -~w-w,=0= R =w+w -R

= R, = (4410 + 2156 - 3714)N = (6566 - 371%)N
= |R, = 2852N)

+++
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CHAPTER

DB | MOTION & FORCE

QI: Define rest arﬁ motion?

Ans- (i) Rest:

; I Point to Ponder:
A body is said to be at rest if it do | When sitting on a chair, your speed

not change its position with respect is zerq relative to carth. But you are

surrounding- | moving at 30km/sec relative to =_L!-u.-
(g < sun, because the earth is revolving

(i) Motion: around sun continuoushy.
A body is said to be in motion if it SEE—

changes its position ¢ with respect to the surraundmg

— — i — R ———————

”,

Q2: DsF ne dﬁtﬂm:a and displacement?

Ans- (i) Distance:
The length of actual path traversed by a body in motion is kmwn

as distance- The actual path may be straight or curved The dis-
tance is a scalar quantity- lts Sl unit is

meter- A 9

(ii) Displacement:

The shortest distance between two points
is known as displacement- o
Explanation: -
In given figure, a body reaches from point “0" to “C” through “A’;
and “B"- Thus the path “OABC" represents the actual path tra-
versed by the body during its motion® 50 it is called distance: While

C

=i

OC represents the shortest distance between the.initial point “O”

and final point “C"+ Thus OC is known as displesement: It is a vec-
tor quantity- Its 5l unit is meter- £

Q3: Define the following terms: position, speed, um&rm spud

variable speed, average _Paa:f instantaneous sEucd .
Ans- 1- Position: '

The location of an object r:fatw: to some reference pomt; [nﬁgm] is
——

N
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