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Kinemaﬁcs%

Scalars:

Q.No.1: What are scalars? Give some examples of scalars. &lO
Ans: Scalars are physical quantities which can be described completely Without
mentioning any direction, they only have magnitude along with some bIe unit.
OR  Scalars are phyS|caI quantities which do not have dtrectt
Examples: Distance, speed, work, power, energy, time, te% re, electric charge,
electric and magnetic flux, potential difference, density, vol frequency, wave
length, specific heat, etc.

Two or more scalars can be added, subtracted or multip e ordinary numbers.
Vectors:
Q.No.2: What are vectors? Give some xa es of vectors?
Ans: Vectors are those physical quantitie ichhave magnitude as

well as direction and obey vector al fel
e Hence vectors cannot be desgribed gompletely without mentioning their direction.

Examples: Velocity, displacem celeration, force, momentum, torque, angular
displacement, angular Velocity, a

Q.No.3: How are vectorq ted?

Ans: Vectors are denoted old faced letters such as A, B, C etc., In hand written

—————
material it is a convention £ put an arrow above the alphabet such as A, B, C etc.
Q.No.4: How is th® nag ttude of vector denoted'r’

Ans: The magnitu vector F is denoted by | F | it is read as “modulus of F” or

—> —
simply “mod. ?I? es the absolute value of F. The magnitude of a vector F is also
denoted by F ut'an arrow over the alphabet).

Repre on of a vector: (Graphical representation)
ow is a vector represented graphically?

/ phlcally a vector is represented by a directed line segment. The length of this
m ne corresponds to the magnltude of the vector according to a suitable scale and it

Addition of vectors:

Q.No.1: How are vectors added?

Ans: Because of their direction, vectors cannot be added as ordinary numbers. While
adding two or more vectors their direction has to be considered. Hence vectors can be
added by head - tail rule (Geometrical method) or by trigonometric method (Rectangular
component method).
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Q.No.2: What is resultant vector?

Ans: Resultant of two or more vectors is a single vector whose magnitude and
direction are such that it produces the same effect as the combined effect of given
vectors.

Geometrical method (head to rule):

Q.No.3: Describe head to tail rule method of vector addition?

Ans: In head to tail rule of vector addition, tail of second vector is joined with the hgad
of first vector, tail of third is joined with head of second vector and so on, in this mann I
the vectors to be added are joined to-gather. Their sum vector or their resultant ve
obtained by joining the head of last vector with the tail of first vector by a straig
Length of this straight line corresponds to the magnitude of resultant a @ put at

the end of this line joined with the head of last vector it shows its directi
—_— = —>
Hence: A+B=R

Properties of vector addition:

Addition of vectors obeys: s& @ 2

(1) Commutative law.

(2) Associative law. -~
Commutative law of vector addition: A
—_— = > —> .
Q.No.1: Show that A + B=B + A. % Head to tail rule
OR
Prove commutative law for, addition?
—— > —>
Ans: To prove that A+ B =B + A o prove commutative law for vector
addltlon both sides of the above on must glve the same resultant.
To find A + B according to il rule, head ofA is joined with the tail of B but to
—_— —>
find B + A we will join the h with the tail of A. We can see from the following
diagram that in both th ame diagonal of the parallelogram is obtained as their
resultant. N

@V 7

R+B=B+A Proved.
nce vectors can be added in any order. In other words, we can say that vector
ad¥tion obeys commutative law.

Associative law: _ _ I

Q.No.2: Showthat(A+B)+C A+(B+
—— —)—)
Ans: To prove that (A + B) +C=A+( C_L OR To prove assomatwe law for vector

addition, first of all we will add vectors “A” and “B” their resultant “ac will then be added to C
—_—— —>

their resultant ?d) will be obtainedi.e. A+B)+C

¢
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B N\
: el (%

— —
Slmllarly for getting R.H.S, we add vector “B” and “C” first and their resultesw\e ented

by bd is then added to vector ° A we will get their resultant represented b
This will give us the R.H.S of theg above equation i.e. A + (B +?

Since the same resultant “ad” is obtained, therefore, addition o rs obeys
associative law. It means that vectors can be added making an
—>— - —>
Hence: (A + B) +C=A+(B+QC). M)ved.
e Vectors can be added in any grouping.
Q.No.3: What is the resultant of vectors ind the same direction?

Ans: If two or more vectors to be added are jemth e direction then the magnitude of
their resultant will be equal to the sum of ma i@of the individual vectors, whereas it's
direction is same as the direction of origin gx’

Q.No.4: What is the resultant

posite vectors?

Ans: Magnitude of resultant of tw #E vectors will be equal to the difference of
magnitudes of individual vectors, w as%he direction of resultant is same as the
direction of the larger vector. é

e The resultant of two orSequal in magnitude but opposite in direction is a

null vector (vec e magnitude is zero).
Q.No.5: What is th tant of a vector and its negative vector?

Ans: Resultant o e and its negative is a null vector.
In other words, res of two vectors equal in magnitude but opposite in direction is

always a null vec

—> —>
itude of the resultant vector “R” or magnltude of sum of two vectors A and B

then t

can b’e@wmined by Law of Cosine, according to which:
R2=A2+B2+2ABCos6
R=VA2+B2+2ABCos0

OR
|A+B|—«/A2+BZ+2ABCose

€ Note that “0” is the angle between Rand B when their tails are at the same
point.
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—_— >
®:Above equations give us the magnitud%of resultant of two vectors A and B or
they give us the magnitude of sum of two vectors A and B.

Multiplication of a vector by a positive number:

— —>
When a vector “A” is multiplied by a positive number “m” a new vector “B” js obtained,
whose magnitude is equal to “m” times the magnitude of the original vector “A” it's direction
remains unchanged.

EELYS \\
# 5 5/ / &°

In the above figuresm=3%,1,2,3, .......
Multzpltcatton of a vector by a negative er:

€ magnitude of new
—>

vector “B” thus obtained is equal to “m’ tlmes the magnl e original vector “A” but
—>

V_VQen a vector “A” is multiplied by a negative number

because of the negative sign the dlrectlon B” is opRpositejto the direction of “A”.

B =_
—> —>
A/ - ZAAZ vy 3A
In the above figuresm=—- %, — 18 21N3, .......

« Henceifa negative I ced before a vector it’s direction reverses, it's

direction changes by an angle 8 s s

€ Note that in the abovesmulti _)atlons vectors A and B are of_ge same type, having the
same unit. For example jfef1ojce ‘F” is mul_tiglied by “2” we get “2 F” which ii)also a force
whose magnitude is t e magnitude of “F” its unit is same as the unit of F.
Division o{%;ector by a number:
Q.No.1: D?L division of a vector by a number.
a

—>
_>Ans: vector “A” by a non-zero number “n” is equivalent to the multiplication of

“‘A” by “MR " is the reciprocal of “n” (m = 1/n)

AmA
— n

he direction of vector “mA” depends upon the sign of “m

Unit vectors:
Q.No.1: What is a unit vector?
Ans: A Unit vector is that whose magnitude is “1” (one).
e A unit vector is used to specify direction.
e Unit vectors are represented by small alphabets with a cap “A” on it.
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Q.No.2: How is a unit vector calculated?
N
—
Ans Unit vector “a” parallel to a given vector A can be calculated by dividing the given

vector ° A by its magnitude A. Hence
Unit vector = vector

Magnitude of the vector \

&‘b

In other words, any vector “A” can be split into two parts, one part A& ents it's

represents it’s direction. @

A

magnitude and the other part “a

Ans: In order to represent the three-dimensional co system three mutually

—
A =Aa X
Q.No.3: What are rectangular unit vectors o § k?
e

perpendicular vectors are used. These three mutuall rp ndicular vectors, called
AWAN A
rectangular unit vectors are i, jand k. I@ their magnitude is “1” but i is along

+x -axis, jis along +y-axis and k is along +Z% ce they are used to represent x, y and
Zz-axes A

To represent —x, — y and —z -axes+ -7and —k are used.
ty

Qs

=N©g.4: What is a free vector?
Ans: A free vector is that vector which can be moved parallel to itself without changing
its magnitude and/or direction and applied at any point.

Q.No.5: What is a position vector?

Ans: A position vector is that vector which is used to give position of a point or anything

with respect to a fixed point, such as the origin of a coordinate system (It means that it
tells you how far and in what direction is a point from the origin of a coordinate system).

7
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®:Position vector is usually represented by r. Components of a position vector are

called its coordinates. In terms of its coordinates a position vector is given by:
A A A

_r)= xi+tyjtzk
In terms of magnitude of its coordinates, the magnitude of position vector is given
by:

—>
s ||f-|=r=‘\/7)(:2+y2+z2
| r| = ris the magnitude of position vector. \
e Position vector is actually the distance of a given point from the origin(ba
particular direction (its M.K.S unit is meter).

Q.No.6: What is negative of a vector? é
& direction

Ans: Negative of a vector is another vector whose magnitude is same
is opposite. — @

A —

Negative of a vector: // KQ
Q.No.7: What is null vector? \s\
Ans: A null vector is that vector whose magnitude is%q.

Resolution of vectors: %

Q.No.1: What is resolution of vect(@)
r

Ans: The process of splitting a vector into t re components (parts) is called
resolution of vectors. Once the process of p&8olW{ion is complete, the vector is said to have
been resolved.

e Two dimensional vectors olved into two mutually perpendicular
components, one along x- and the, ot aldng y-axis. Similarly, a three-dimensional vector
can be resolved into three mut% rpendicular components, along x-, y- and z-axes.

e Since these compon are mutually perpendicular and along sides of a
rectangle, hence these com ts are also known as the rectangular components.

e Note thata 8 ent along a given axis represents the effective value of the
vector in that particul yeection.
Q.No.2: Derige fogmulae for rectangular components of a two dimensional

—> . .
vector A ma angle ‘0” with +x-axis?
e e

Ans: L v&ctor “A” be represented by a directed line segment “OP” making an angle
“0” with w¢ s shown.

?. ty
A@_‘ taken in anticlockwise
sensg starting from +x-axis.
9 S A =
- —
Ay A
0
O — tx
Ax Q
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_ —> —> —
If perpendiculars are drawn from the head of A on the two axes then “OQ” represents Ay’
— —> —> —

x-component of vectog A and “OS” represents “Ay” y- component of vector A.
Since QP = OS, Therefore, A, can also be representgd by QP.

In A OQP: Cos 0= 0Q But 0OQ-= |A.]l=A,
OP oP=|A]=A
Cos 6 = A

A \
A. = A Cos 0 A \

In terms of_it)s magnitude and direction (using a rectangular unit vector “7’) xﬁr@ﬁent

of any vector “A” is given by:
y g y — ~ s\O

Ax=ACos0 i @
Similarly, in A OQP:

o
Sine= QP But QP =|
OP OP =

Sino=A, \
A
| i '

In terms of ifs magnitude and direction (usi gular unit vector “j’) y-component
of any vector “A” is given by:

of its components:
en the vector itself can be determined by taking

Composition of a vector with t
If components of a vector are kn
the vector sum of its components.

—> o —>
Hencﬁ)if Axand Ay are the onents of a vector “A”, then by head to tail rule, if
head of A, is joined with tail of ALtheir resultant will be vector “A”, as shown:

9,
&

P
?‘ o
A Ay
‘lss\ d
v O — +Xx
—> Ax Q

nitude of A: S
To find the magnitude of vector A, consider AOPQ: In this triangle, according to
Pythagoras theorem: (OP)? = (0OQ)*+(QP)?
—>
But OP =A (magnitude of vector A)

—>
0Q = Ax (magnitude of x-component A,)
—>

QP = A, (magnitude of y-component A,)
9
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A=AZEAR - A= VAZTAZ )

This formula gives us the magnitude of a two-dimensional vector “A” in terms of
magnitudes of itsgmponents Axand Ay

Direction of A:
To find the direction of the vector A or in other words the angle “0” which it
makes with +x-axis, consider AOPQ, In this triangle,

Tan 6 = QP But OQ = Ax (magnitude of x-component Ax) \\
oQ QP = A, (magnitude of y-component Ay) @.
Tan0=_Ay oo [o=tan-"_A,_ \

Ax Ax
Q.No.3: How is magnitude of a three-dimensional vector ca@ed using
its rectangular components?
Anf)lf Ax Ay and A, are magnitude of components of a vector, gnitude of the

vector A can be calculated by: K
A=VAZ+AZ+AZ2 s\

Addition of vectors by rectangular componen s (2026 Karachi Board)
In order to understand the addition of vectors by rec ular component method,

consider two vectors “A1” making an angle “61” and%za ing an angle “02” with +x-axis.
First of all, we will follow head to tail rule m and then we will add them by
their rectangular components. We must get t @ resultant (answer vector) by both the
methods. I‘\
_T)o add these vectors by head to tgi ethod, we will Jom the head of A1 with the

—>
tail of Az2. Their resultant “A” will be o by joining the tail of A1 with the head of Ao.

—_

Hence line OQ represents their 1 A making an angle “0” with x-axis.

+x
A1x R A T
—> —>

Now if we resolve A1 and Az into x - and y-components, we get:

A A A A
— —
OR=A1xi=A1Cos 011 PS=A2i =A2Cos 02 i

A A A A
—> —>
RP=A1,j =A1Sin061j SQ=A2,j =A2Sin 02
OT=0R+RT

10
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But: RT =PS = A, and OT = A,
: OT=0OR+RT
Ax= A1x+ A2x
OR Ax= A1 Cos 01 + A2 Cos 02.
Similarly: TQ=TS +SQ

But TS=RP=Ay, and SQ = Az

. Ay= Ay + Azy \
OR Ay= A1 Sin 01 + A2 Sin 62 \

—> Axand Ayrepresent the magnitudes of rectangular components of the resultan@lor
“‘A”. Hence the magnitude of the resultant vector “& is determined by:

A=NAZHAL ) 3\0
Similarly, the direction of the resultant vector A , or in other ds the angle
which it makes with +x-axis, is given by: K
—>

0=tan~"_A,_ $\
A \
The resultant vector obtained by this method is ra’r\sep ed by OQ, making an angle

“0” with +x-axis.
e Hence whether vectors are added by he%ﬂl rule or with the help of their
rectangular components, we get the same resultant

e Addition of vectors by rectangular onent method is more accurate, it is
especially use full in adding three dimensional .

e By this method any numbe eclors can be added at a time, in this method of
addition of vectors diagrams are not neeﬁva s of trigonometric ratios at various angles to
calculate values of components are needgd.

Steps to be taken

ition of vectors by rectangular
mponent method:
1. Resolve ea iven¥ector into its x- and y-components.
2. Add magni g all x-components, with their + or — signs, to
get the magnitude of ponent A.of the resultant:
: Ax= At Aox +Asx + oo
Ax=A1Cos01+A2C0s02+A3Co0s 03 +...........
gnitude of all the y -components, with their + or — signs,
ithde of y-component A, of the resultant:
Ay =Aiy+ Agy +Asy + i

3.

to get the

OR Ay =A1Cos61+A2Co0s 02+A3Cos 03 +...........
nitude of the resultant:
Now calculate the magnitude of resultant A by:
A=VAZ+A,?
OR A=\VAZ+A2

11
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Direction of the resultant:

»
To find the direction of resultant A, calculate the angle “0” which the resultant makes
with +x-axis by:

0 =tan" A,

Ax
€ Note that the above formula will give us the angle which the resultant makes
with +x-axis in the first quadrant in anticlockwise sense. \

€< Also note that the positive or negative sign of a component of the resu%ﬁ
depends upon the location of the resultant vector in first, second, third or fourth Eua ts.

If the resultant vector is in any quadrant, other than the first quadrant, then it’ ction

must be corrected. s\
Product of vectors:
Scalar or dot product:

Q.No.1: What is scalar or dot product of vectors? \K@
i

Give some examples.

Ans: If multiplication of two vectors results in a scalanf ity then such type of
multiplication of vectors is known as scalar product.

OR
When two parallel vectors are multiplied then the obtained will be a scalar, this
type of multiplication is known as scalar prodfict.
Since this type of product of vectors is represé\ a dot placed between vectors to be
multiplied, hence it is also called dot pro
Examples.1: —_ >
Work is the scalar or dot pro force “F” and the resulting displacement “d”. It is

a scalar quantity, although work is thgpr@8yct of two vectors.

—_
Q Work = F . d
Examples.2:

Electric flux “¢” ¢ umber of lines of electric force passing normally through a
surface, it is a scalar qgn itys#’is equal to the scalar or dot product of electric intensity (or

strength of electri% ‘E” and vector area “A_A):&fthe surface.
tz S

Electric flux ¢ = ? AA
Examples. 3:

Po

[T ]

calar product of force “F” and velocity “v”. Power is a scalar quantity.
—_——

Power=F .v
hat is the formula for finding the magnitude of scalar quantity

o ingd in scalar or dot product.
n$ Formula for finding the magnitude of scalar quantity obtained in dot product of

two Vectors is:

(——
A.B =ABCos6
— —
Where “0” is the angle between vectors A and B.
Q.No.3: Show that dot product of two non-zero vectors is zero when
vectors are perpendicular to each other.
Ans: Magnitude of scalar or dot product of any two vectors is given by:

12
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——>
A.B =ABCos 6
If given vectors are perpendlcular to each other, angle “6” between them will be 90°:

A B A B Cos 90° (Cos 90° =0)
—
A.B=0

Hence if scalar product of two non-zero vectors is zero then the vectors are

perpendicular to each other (6 = 90°). \
A A \
Q.No.4: Show thati.j=0. (b.

Ans: According to the definition of dot product:

A A \
i.j=ijCose s\O

A

Since “7’ is along x -axis and “j ” is along y —axis, hence the to be multiplied
are perpendicular to each other and angle “0” between the herefore,
A A A A
i.j=1jCos 90° (Cos 90°=0) OR‘\ i.J=1x1x0
AN A

" i.j=0 %
AN A A
Similarly:  j. k=0 and .1%0.

Q.No.5: At what angle is valu ar or dot product of two vectors
of given magnitude maximum.
Ans: Magnitude of scalar or d

of any two vectors is given by:

A
Maximum value of Cos 0 is “1” %s 0° or when vectors are parallel to each other.
Hence:
Cos 0° (Cos 0°=1)

- AB
Hence scalar produc&%o vectors is maximum when vectors are parallel to each

other or the anglegbetwgen them is “0°”.
—_—— — — —

atA.A=|Alz2 OR A.A=A2
—> —_—>
angle bggn vectors to be multiplied A andﬁ)is zero, therefore,

=A A Cos 0° (Sine A 7 A)
TT A2 (Cos 0° = 1)
Q~ nce dot product of a vector by itself is equal to the square of magnitude of the
Vv

ector.
A A

Q.No.7: Show thati.i=1.

Ans: According to the definition of dot product:
A A A A

i.1=11Cos 0 ©=0°1i/1, i=1)

13
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A A A A
i.1=1x1x Cos 0° OR i.i=1x1x1 (Cos 0°=1)
AN A
i.1=1
A A A A
Similarly, j-j=1 and k.k=1.
Laws obeyed by scalar or dot product: \\
Commutative law: (b.
—_— > —>
Q.No.1: Show thatA.B=B.A. OR \

Show that scalar product obeys commutative la
Ans: Scalar or dot product of two vectors is basically equal to the magnityde of first
vector multiplied by the _£rOJGC’[I0n of second vector on the flrsllector @

ie. A = (magnitude of A) (projection of B on A) @

B Cos 0
To find A B we will multiply the magnltude the projection of of B@A But the

projection ofﬁan A'is B Cos 0, where “9” is the ween vectors A and B, hence:
A .B= 0
—=>—> —=> —>
Similarly, B . A = (magnitude qf ction of A on B)
—_— —>

In the following diagram we cangeef projection of A on B is A Cos 0. Hence:
B . A A Cos 0) Projection ofA_;on?

> . .
Cos 0 is taken by dropping
., a perpendicular from

the head of A in the
—>
direction of B

—— > —>
nght hand &d?\ equations is same, therefore, A . B B.A
———>
tp

Sc roduct obeys commutative law i.e. A B=B.A.
It that the scalar product of vectors can be taken in any order.
hat is the scalar product of vectors opposite to each other?
def|n|t|on magnltude of scalar product of two vectors is given by:

A B A B Cos 6.
— =
In thi$ case the angle between A and B is 180°
A B Cos 180° (Cos 180°=-1)

A . B =-AB
Scalar or dot product of vectors opposite to each other is negative.

14



Rawala’s new physics notes XI

Q.No.3: Give scalar or dot product of vectors in terms of their
rectangular components.
Ans: In terms of their rectangular components, dot product of any two vectors is given

by:

— —> A A A A A A

A.B=(Axit+Ayj+Ax k). (Bxi+Byj+Bxk)

——>

A.B=(AxBx+AyBy+AkBk) \
(This result is obtained by taking i. i=j.j=k.k=1and i.j=j.k=k.i=0) \
Vector or cross product: (b'

Q.No.1: What is vector or cross product? \
Ans: If multiplication of two vectors results in a vector quantity the O
such type of multiplication of vectors is known as vector product.

OR
When two perpendicular vectors are multiplied then the quantity d will be a
vector, this type of multiplication is known as vector producs. &

Since this type of product of vectors is represented by a placed between

vectors to be multiplied hence it is also called cross pro

— — —
AxB=C

—_—

e The new vector “C” thus obtained is kno duct vector.
Q.No.2: What is the magnitude of v@rcduct?
in

—>
Ans: The magnitude of vector which is o a result of vector product of vectors A

—
and B (It is also called product vector) is y:
— — A
OR A x B 3 in6 n

A

Where “njis a ypit vector it sththe direction of product vector, “0” is the angle between
vectors A and B.
Q.No.3: How is the ¥irgction of product vector found?

Ans: Direction of roduct vector is found with the help of right-hand rule.
Q.No.4: Statg right hand rule.

ight hand rule, first of all tails of representative lines of vectors to be
multiplied is j{in gather. Then rotate the vector which appears first in the product
towards th ohd through smaller of the two possible angles. Then curl the fingers of
right r:Sn W\ihe direction of rotation, stretch the thumb it will point in the direction of the

Ans: Acco

produ or.

e product vector is always perpendicular to the plane formed by
— —> — —

theaiginal vectors A and B, it is always perpendicular to both A as well as B.
Q.No.5: Show that cross product of two vectors is zero when vectors are
parallel to each other.
Ans: Vector or cross product of any two vectors is given by:
A

—_ —>
AxB =ABSin0 n

15
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If given vectors are parallel to each other, angle “6” between them will be 0°:
A

— —
AxB =ABSin0°n (Sin 0° = 0)
—> —>
AxB=0
Hence if vector product of two non-zero vectors is zero then the vectors are
parallel or opposite to eacrEJ)ther (6 =0°6=180°).

Q.No.6: Show that Ax A=0_ __ 2 \\
Ans: By definition: AxA = A A Sin6 n (b,
——
AxA =AASin0° (A and A are parallel to each other)

—— \
AxA=0 (Since Sin 0° = 0) s\O

—>
e Hence vector product of a vector A by itself will be zero.

A A AN A A A @
Similarly, ix i=0, jxj=0 and kx k=0.
Q.No.7: If vectors are perpendicular to each otRer: the angle between

them is 90°) their vector or cross product is max
Ans: Vector product of any two vectors is given by:

—_—— A
AxB=ABSin0 n
e

When 06 = 90°0r when vectorsA)and B are ndiicular to each other.

—_—

— > —
(A LB, 0 =90

0° n
(Sin90° =1)

e Vector product has a gm¥m magnitude if vectors to be multiplied are

perpendicular to each other.
A

Q.No.8: Show tha®i
Ans: By definition A A
[ xj=1 j Sin90°n

A A A

6= @‘31 is along x—axis andj is along y -axis, i L j.)

ixj=xixin  (i=j=1,8in90°=1)

A A

Q~ ixj=1n
A A

Direction of i x j, on applying right hand rule, comes out to be along + z-axis. In

other words, the vector obtained is of magnitude “1” and its direction is along + z -axis
A

(hence it is a unit vector along +z-axis). The unit vector along + z-axis is k. Hence:
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A A A N A A
Similarly, jxk =i and kxi=j
Commutative law: _, _, | > > >
Q.No.9: Show that Ax BB x A OR AxB=-BxA
OR
Show that vector product does not obey commutative law.
Ans; By definition:  * > A A \
AxB=ABSindn and BxA=BASin6n=ABSinOn
— > %
f A

These equations show that the magnitude of A x B is same as the magnitudg o
But since both products give vector quantities, hence applying right hand rul %e
— —> —>

following figure we see that A x B is directed out of paper whereas B x@
the paper.

ected into

F‘- —>
— —> B
A x B out of paper
A

Two vectors are said to be dlff@el her their magnltudg direction or magnltude as
well as their direction is differe he directions of A x B and that of B x A is different,
therefore, they are not equal.

e In other words, (e or cross product does not obey commutative law, because
on changing the order of vﬁc o) be multiplied the direction of product vector comes out to be

opposite. It means that: - ————
AxB=# BxA

— >
If a negative si ed before a vector m_gn_lt)s direction reverses, Since B x A gives a
i erefore, the direction of — B x A after reversing becomes same as the

and since their magnitude is also equal therefore,
——> —> —>
AxB=-BxA

—_— —>

Hence BxA is negatlve of A x B.
—=>—> ——> "
But AxB=ABSinOn BxA =—ABSin0n

A A A

Q.No.10: Show thatjx i =-k.
Ans: Vector product does not obey commutative law because on changing the order of

17
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A A

vectors to be multiplied the direction of product vector reverses. In the present case j x i

A

comes out to be a unit vector along —z-axis, which is —k. Hence:

A A A
jxi=—-k
A A A AN A A
Similarly, kxj=—1i and ixk =—j s S
Q.No.11: How is a_gnit lgctor perpendicular to A as well as B and
plane formed by A and B determined? \
— —>
Ans: Since the direction of A x B, on applying right hand rule, Comes@oe
— — — —> "
perpendicular to A as well as B and to the plane formed by A and B, t ore, if n
represents the direction of A x B then: @
—— A —— ’¥ A

AxB =ABSin0n or A x &AxB\n
Hence a unit vector perpendicular to any two vectors nd to the plane formed by

them is given by:

— —>
n is a unit vector perpendicular to A,
Q.No. 12: Give the determin

written?

rm in which cross product may be

— —
Ans: If vectors A and B ar: sed in terms of their rectangular components then their
vector product can be found b Iving their determinant i.e.
—_— A A A — A A A
if A=Axi+ Ayg%( and B=Bxi+ Byj+ B;k Then:
A A A

VE—>—> 1 J k
?\ AxB=[A. A, A,
B. B, B.

e determinant form of vector or cross product.
. Give some examples of vector product.

T

a alf axis. It is a_vector quantity. It is equal to the vector or cross product of position
vectdr “r’ and force “F”. E———
t=rxF

e Direction of torque is determined by right hand rule. Its direction is same as_
the direction of r x F .
Example.2: When a charged particle carrying charge “q” moving with some velocity

18

Example. 1: Torque “t” is the turning effect of a force produced in a body about s
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—>
“v” enters @ magnetic field of strength (called magnetic flux density)“B” it experiences

a force “F”, given by:

— >
F=q(vxB)

Magnitude of this force is “q v B Sin 6”, where “6” is the angle at which the charged

particle enters a magnetic field or it is the angle between the direction of magnetic field “B”
and the direction of V. The dirgction of this force is determined %»right hand rule (It's dirﬂion

T

is same_as the direction of v x B) it is always perpendicular to “v’, “B” and to the plan\

momentum of a body whose motion is angular. Angular momentum of a bod ut a fixed
point (such as origin %f’ a coordinate system or axis of rotation) is the vecto s product
of its position vector “r" and its linear momentum “p”.

T T %)

—>
Where “r’ gives position of the body (or a point) with respect to% point (such as axis
t

which v'and B are. (b.
Example.3: Angular momentum is a vector quantity, basically It is tEE

of rotation of the body or origin of a coordinate system).
Q.No. 14: Give properties of vector or cross pr .

Ans: Vector or cross product shows following prope .
—=>— >
(9) AxB=-BxA

It shows that cross product does not obe@%ative law.

—_— = = >
(i) Ax(B+C)=AxB+AxC

—_——_— > —— — —>

(i) (A+B)xC=AxC+BxC
A A

A A N A
(iv) ixi=0, jxj=%and kxk=0
AN A N A QA A N N
[ X ] = and kxi=j,
A A A

and ixk =—j

Displacement

son of a body with respect to a fixed point (origin of
a%given by a position vector; hence its displacement will be X
the Qifference of final and wt@pgltl@)vectors i.e.
Ar=ro—=r1]1
¢ Displacement is a vector quantity; its magnitude is equal to the distance
between the two positions and it is directed towards the final position of the body.
e It's S.l unit is meter “m”.

19
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Speed:
Q.No.2: What is speed of a body?

Ans: It is the distance covered by a body in unit time.

Or It is the rate of distance covered.
Speed = Distance covered.
Time taken
V=S, \
t ®\
e Speed is a scalar quantity.

e S.lunit of speed is m/s or ms -1. Its dimensional formula is Q_\‘Td\

Velocity:

Q.No.3: What is velocity?
Ans: It is the distance covered by a body in unit time @Q

in a particular direction.
OR it is speed of a body in a particular direséc.
bod

OR It is the rate of displacement ogfh{ y.

Velocity = Displacem
Ti

¢ Velocity is a vector quantityg| ion is same as the direction of
displacement (or direction of motiom*l
e S.lunit of velocity is or

e |ts dimensional for,
e Interms of its re uldr components, it is given by:
A A

—> .
N V=VeitVyj
e velocity?

Q.No.4: What issque
Ans: It the tota%lacement of the body divided by total time taken.

V Average velocity =Total displacement
Total time taken

o lti t&fmined by dividing the total displacement of the body by the time taken.
.Ni at is instantaneous velocity?

A% ity of a body at a particular instant (or during a very short interval of
0

s -1 (same as the unit of speed).
IsTLT "]

ti particular point) is called its instantaneous velocity.
au e |tis determined by first finding the displacement of the body during a very
short interval of time and then dividing that displacement by the short time
interval.
—> .. —>
Vinst. = limit As
At—>0 At
“limit 7 is read as limit At approaches to zero, it means that the time

At—0 interval is so short that it is close to zero (but not equal to zero).

20
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Q.No.6: When does velocity become variable?

Ans: Velocity is a vector quantity, hence like any vector quantity it becomes variable
when either there is a change in its magnitude (or in other words, there is a change in
speed of the body), direction or there is a change in magnitude and direction both.

Q.No.7: What is uniform velocity?

Ans: Uniform velocity is that which does not change in magnitude and/or in direction.

Or it is the equal distance covered by a body in equal intervals of time in a partigular
direction (however short the time interval may be). \
e When a body moves with a uniform velocity it’'s instantaneous and av%

velocities are equal.
equat —> 5 — &

Vav. = Vinst. v = uniform.
Q.No.8: How is velocity of a body calculated from its distanc Q graph?
Ans: If the direction of motion is not changing then the velocity of a y can be

calculated from its distance-time graph by finding slop of the graph. @

Q.No.9: What is the shape of distance-time graph body moves
with a uniform velocity? K

Ans: When a body moves with a uniform velocity it’s di We- ime graph will be a
straight line, passing through origin (as shown in diagr

c %)pe (velocity) = BC
< ’ AB
Distance (m) %\
BC=S
AB = At}

e Slope of this type of g is same at all points, which shows that velocity of the
body is same everywhere, otRher words this shape of distance-time graph is for a
body moving with a uni%l elocity.
Q.No.10: What § ape of distance-time graph of a body moving with
same direction?
Ans: For a body maving with a variable speed the distance-time graph will be a curve.

The shape of t depends upon the variation in the speed of body (velocity of a body
may also be vXialfle due to a change in its direction).
o ase, slope of the curve at a given point on the curve is found, which gives

speed of the body at that instant. The slope of the curve will not be the
oints (in other words, its speed will not be the same at different instants).
ration:
No.11: What is acceleration?

Ans: Rate of change of velocity of a body is called its acceleration.
Acceleration = change in velocity

instan
sa

time taken
— —> — —> —
a= Av Or a= Vr—V;
At t

21
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e Acceleration is a vector quantity; its direction is same as the direction of change
in velocity “Av” of the body.

o If v/>v; i.e. if velocity of a body increases then its acceleration will be positive,
the direction of acceleration and the direction of motion will be same.

o If ve<v;i.e. if velocity of a body decreases then its acceleration will be negative,
It is also called retardation or deceleration, in this case the direction of acceleration and the
direction of motion will be opposite.

e S.| unit of acceleration is “m/s2” or “m s -2’ \\

e lts dimensional formula is [LT-?] . (b.
Q.No.12: What is instantaneous acceleration?
Ans: It is the acceleration of a body at a particular instant or during v@ort
interval of time. as\

time and then dividing this change in velocity by the short interval of Lip\g.
\ — —>
ains. = limit ~_AV \
At—>0 At

“limit” is read as “limit At approaches to zero”, it meg@ns\hat the time

At—0 interval is so short that it is close to zero (bu qual to zero).

Q.No.13: What is uniform acceleration?

Ans: When there is an equal change in v@ egual intervals of time (whether the

e It can be calculated by finding the change in velocity duringysh rt interval of

time interval is short or long) then the acceleratign ofithe body is said to be uniform.

e When a body has uniform acceler. erage and instantaneous
accelerations will be equal (It means tha of change of velocity of the body will be
equal whether it is measured during a% long interval of time).

Q.No.14: How is acceleratiofhof & body calculated from its velocity-time
graph? ?

Ans: Acceleration of a body i€ eg o the slop of its velocity-time graph.
e The slope of velogity- We graph for uniform acceleration is same at all instants.

e The slope of velpogistime graph for non- uniform acceleration is different at

different instar\s.
e The slope o ity-time graph for retardation is negative.

e The sl of ¥elocity-time graph for uniform velocity is zero (because motion of
on-accelerated).
at is the shape of velocity-time graph if acceleration of the

Ans; ody moves with a uniform acceleration the shape of its velocity-time graph
wiII%«ﬂght line, passing through origin.

Slope (acceleration) = BC

Velocity (m/s) C AB
{BC = Av
(Velocity-time graph) A B AB = At
Time (s)

22
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Q.No.16: What is the acceleration of a body moving with uniform
velocity?

Ans: When a body moves with a uniform velocity i.e. its velocity does not change due
To any reason then it's acceleration will be zero.

Q.No.17: What is the shape of velocity-time graph if velocity of the body
is uniform?

Ans: If a body moves with a uniform velocity the shape of its velocity-time graph v%e

a straight line, parallel to time axis. \

Vi | A———+B
Velocity (m/s) [ : Slope (acceleration)s@

Av =v1 -V =
ft, it At=AB@t1

A Time (s) B

Q.No.18: When does motion of a body become acc% ed?

Ans: Motion of a body becomes accelerated when it moves with ria velocity.

It means that motion of a body will be accelerated Quly wlhgn either there is a change
In magnitude, change in direction or there is a change in mgghitude as well as direction of
its velocity.

Q.No.19: What type of acceleration i ed when only the direction
of velocity changes?

Ans: When there is a change only in t of velocity of a body the resulting
acceleration is called centripetal acc l%g

e In this case the path followe thé&¥ody will be circular in shape, and the direction of

will be 90°, Similarly the angle velocity v and the force (centripetal force) will be 90°.
Q.No.20: What is n prm acceleration?
Ans: Acceleration of, % will be non-uniform if there is an unequal change in its

velocity in equal interyggls’ of .
Q.No.21: Is it prc\?le for a body to have acceleration when moving with a:
nstant veloaty (ii) Constant speed.

acceleration will be towards the center o cular path.
—>
€ Important note: *Ti! I etween veIOC|ty v and centripetal acceleration ac

y can have acceleration when it moves with a constant speed, because speed
s only the magnitude of velocity of the body. Direction of its velocity may be

velocity although its speed may be uniform.
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Equations of motion:
Q.No. 1: Give the equations of motion.
Ans: If “S, v;, v¢” and “a” are the distance covered, initial and final velocities and uniform
acceleration of a body, the time taken t are related by the following equations of motion:
Vr=v;+ at
S=vit+4$at?
2aS=vf2-v;? \\
¢ While applying these equations, “v;” is taken as zero (0) when the body sta@z
i

moving from rest. “vf' is zero when a moving body finally comes to rest. “a” is iti hen
% Vv

vr > v;. Similarly, “a@” is negative when there is retardation (or deceleration@ < Vi
in

€ Important note: these equations can only be applied toa b moves
with a uniform acceleration along a straight line. Also, that the direction Qf inithal velocity “v;”
is taken as a reference, any vector quantity whose direction is oppos;j he direction of
‘v{" is taken as negative. Based on this idea acceleration due to gr, @s taken negative “-
g” throughout projectile motion. Because in vertical direction acc tion is “g” directed
downward, whereas initial velocity in vertical direction at the pdigt of Brojection “voy” is upward.
All equations of projectile motion are based on this idea.

Motion in two dimensions;~
Q.No. 1: What is two-dimensional moti
Give some examples.
Ans: If a body moves in two directions s;g usly (along x- and y-axes), (or it

moves in a plane) then its motion is called ensional motion.
®:Motion along a circular path a ectile motion are common examples of
two-dimensional motion.

Projectile moti%

Q.No.1: What is projec motion?
Give exam rojectile motion.
Ans: If a body moves, constant velocity along horizontal direction and at the
same time falls freelvgq e action of gravity (i.e. it has a constant vertical acceleration

“g”), then its motign is §lled projectile motion.
Examples;

ed from a gun, motion of a kicked football, jumping of a frog or a
locust, moj shuttle cock in badminton etc.

&P motion is two dimensional, in one plane. Projectile motion in vertical and
horizo ctions can be treated independent of each other.

.2: On what assumptions is the study of projectile motion based?
» Following assumptions are made to make the study of projectile motion simple
and®asy to understand:

(i) There is no air resistance.

& (Air resistance basically affects the projectile motion in horizontal direction, in
other words, no force is assumed to act on a projectile in horizontal direction).

(i) Value of “g” throughout the projectile motion is assumed to be constant.

(iif) There is no effect of earth’s rotation on projectile motion.
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€ (In reality rotation of the earth affects projectile motion when a projectile has to cover
long distance to hit a target e.g. an intercontinental missile, which covers long distances, takes
a long time during which the rotation of earth changes position of the target).

Explanation:

Let a projectile, such as a shell fired from a gun, be projected with initial velocity “Vo
making an angle “0” with the horizontal. Assuming that the air resistance is negligible, its
initial velocity “Vo” can be resolved into “x” and “y” components. Taking x -axis alon
horizontal and y-axis along the vertical direction, Vox and Vo, the x- and y-componeg&
the initial velocity Vo are given by: %.

Vox=Vo Cos 6 and Voy = Vo Sin 0 @

@@

Voy=VoSin 0 Vie=Vox Vy

9 Vox=VoCos 0
Point of projection QE ) V, \g:irget
t

As we have assumed that there is i ance, which bvas\léally affects the
motion of a projectile in horizontal directis efore, no force is assumed to act on the

projectile in horizontal direction (Fx= hef®lore, there will be no acceleration in x-
direction, In other words, comp%jo its velocity V. will remains constant throughout

its motion.

€:On the other hand, a% phojectile (shell) has some weight, therefore, it will
experience a constant d a rce, in y-direction, (= its weight). Hence there will be a
constant downward direi’% y-direction) acceleration “q”. Since this acceleration is
opposite to the directigg of im#fal velocity “Voy” in y—directlon, at the point of projection
(upward), hence we w it with a minus sign “— g” throughout the projectile motion.

Velocity of Wge pr®jectile at any point will have two components “V,” and “V,”.
Velocity “V” WI it hits the target (or its net velocity at any instant) can be calculated

with the h and “V," at that instant:
V=v4VZ+V2 Where V= Vox
AII s of motion are independently applicable to projectile motion in horizontal as

rtlcal directions.
Along x -axis. Along y -axis.
ax=0 ay=-—g

V)C Vox Vo COS 9 Vy: Voy— gt
X=Voxt y=Voyt—23 gt
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Time taken by projectile to reach the highest point “T”,

In vertical direction force of gravity acts on the projectile as a result of which the
projectile has a constant vertical acceleration ‘g’, this constant acceleration is opposite to
the initial velocity in vertical direction at the point of projection. Hence a, = — g. Similarly,
due to this acceleration, as the projectile rises its velocity decreases and becomes zero at
the highest point, projectile will take some time “T” to reach the highest point. Hence In the

vertical direction: Voy = Vo Sin 0
ay=-g9 \\
V, = 0 (at the highest point) (b,

Time to reach the highest point T =?

On substituting these values in the following equation of motion, we ge{; O\
Vy Voy g t
0 VOy g T
T= Vo, =VoSin 6
g g
Total time of flight “t”.

Projectile takes time T to reach the highest point it will S&e time T to return to the

ground. Hence total time of flight will be “t = 2T".
The total time of flight or in other words time for which a projectile remains in the
airwillbe:  t=2T

t=_2Voy or
g
from point of projection to target depends

€< Total time taken by a projectile %e i jecti
upon the angle of projection “6” and u its Velocity “Vo” with which it is projected.

®:<For a given projectile praje with a certain velocity “Vo” since the value of Sin 6
depends on the value of “6” an lue of Sin 0 increases as “0” is increased, therefore,
larger the angle of projection “ON0nger is the time of flight.

Maximum height ed “h”:
When a projectile reach® ighest point on its path its velocity component in y-direction

“V" is zero, hence fo jmum height:
Voy = Vo Sin 6

V Vy=0 (at the highest point)
R
y=nh

t=T=Voy
g
gbstituting the above data in the following equation, we get:
@. Yy=Voy T-3gT
P= Voyx Voy - 3 g{ﬁy /
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h=1 Voy2| ButVoy=VoSin® - [h= 1 v&sm?e]
g g

®:From the above formula for maximum height reached by a projectile we can see
that for a given projectile greater the angle of projection more is the height reached (also
called vertical range).
Range of a projectile “R”:
The total horizontal distance covered by a projectile from the point of projection t%
point where it lands (target point) is called its range R.
Since in the horizontal direction there is no acceleration (because there i;no‘bﬁe in

this direction), therefore, distance covered by a projectile in x-direction durin time “t”
after the takeoff is given by: x=Voxt &
et

Hence for total distance covered from the point of projection to targ in other

words for range x = R. ‘Z)

- R = VOxt @

But Vox=VoCos0 &  t=2VoSin® (Tota‘& flight)
g
R=VoCos0x2VoSin0= 23 0 Cos 0
g

But 2 Sin 6 Cos 6 = Sin 20 Hence range “R” rofectile projected with a certain
velocity “Vo”, at an angle “6” to the horizontal is g

R= Vo Si

®:From the above formula we cal\ s at the range of a projectile projected with a
given initial velocity “Vo” dependspomNhe value of Sin 20. Greater the value of Sin 20
longer is the range of a project%

®:From the formula for eWwe can also see that range of a projectile will be equal

for two angles of projection whiclare equal amount lesser or greater than 45°.
@w. '

Maximum range “R .
Range of a given grojectilefs
maximum when Sin 29§bximum. The

maximum value o% is 1”. This is
possible when:

20=90° ause Sin 90° =1)
In ot s:  0=45°
| 2 f a projectile will be (90°- 0)
Mo re. it will cover maximum
n horizontal direction) when it is 0

ted at an angle of 45°.
Maximum range “Rmax.” of a projectile is given by:

g
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Section-A Multiple-Choice Questions MCOQs:

Q.No. 1: To get a resultant of 10 m, two
displacement vectors of magnitude 6 m and 8 m
should be connected:

(A) Parallel (B) antiparallel

(C) At angle of 45° (D) perpendicular to each other

Q.No.2: The velocity of a particle at an instant is
10 m/s and after 5 sec, velocity of the particle is
20 m/s. Velocity 3 sec before is:

(A) 8 (B) 4 (C)6 (D)7
0Q.No.3:A ball is thrown upward with a velocity of
100 m/s. It will reach the ground after:

(A)10sec. (B)20sec. (C)5sec. (D)40 sec
Q.No.4: Two projectiles are fired from the same

point with the same speed at angles of 60° and

30 ° respectively. Which of the following is true?

(A) Their range will be the same.

(B) their maximum height will be same.

(C) Their landing velocity will be same.

(D) their time of flight will be same.
Q.No.5: The ratio of numerical values of
average velocity and average speed of a body is
always:
(A) Unity. (B) unity or less
(D) Less than unity.
Q.No.6: If the average velocity ofa b
becomes equal to the instantaneous eI
body is said to be moving W|th

(C) unity or m

(A) Uniform acceleration. v ocity.

(C) Variable velocity. (D) Va eleratlon
Q.No. 7:At the top of a traJ& fa projectile,

the acceleration is:

(A) Maximum. (B) min (C)zero (D)g

range of a projectile

Q.No.8: At what aggle t
becomes equal ﬁt%ght of projectile.
€ a

(A) 65 ° (C)76° (D) 30°
Q.No.9: Th t which dot product

| to the cross product is:
°© (B)45° (C)76° (D) 30°
2 If the dot product of two non-zero
s vanish, the vectors will be:

(A) in the same direction.

(B) opposite direction each other.

(C) perpendicular to each other. (D)zero

A A

Q.No.11:jx jis equal to: (2003 Karachi Board)
(A)j? (B)Jj (C) one (D) zero

A A
Q.No. 12: The dot product of unit vector i & kis:
(2003 Karachi Board) A
(A) zero B)1 _(C)-1 (D)Jj

—>

Q.No.13: If F =4i- 2jand d = 3i + 4, the work

done will be: (2003 Karachi B )

(A) 4 joule (B) 8 joule (C) 2 Joule (D)1

——>

Q.No.14:Ifa.b Owhena;tO b¢0t

vectors are: (2004 Karac %Boarao
endicular

(A) parallel (B) oppOS|te
Q.No. 15: When |A + B| -|A B} he angle
between the vectors A

@4 Karacht Board)

(A) Zero & C) 90°
Q.No.16: If i&d k are the unit vectors
a

along%
C)(A) i (B)-1 (C)1 (D) -1
0.17: If a vector is divided by its own
agnitude, the resulting vector is called:
(2009, 2003 Karachi Board)

(A) Position vector (B) unit vector

(C) null vector (D) free vector
A A

A A

z-axes respectively, then k x j:
(2009 Karachi Board)
A

A

—_— —>
Q.No.18:If A=ai and B =bj, then
>
A xBisequalto: (2012 Karachi Board)
A A

(A) 0. (B) abk (C)— abk (D) None of these.
Q.No. 19: Two forces act together on an object; the
magnitude of their resultant is minimum when the
angle between them is: (2013 Karachi Board)

(A) 0°. (B) 45° (C)90° (D) 180°
— AN
.No.20: If A 5l+] and B=2k

Then A — B is equal to: (2014 Karachi board)

A AN A A A A

(A5i+j+2k (B)5i-j-2k
A

A
(C)5l+] 2k D)51—J+2_k)
Q.No.21:1f A.B=0, AxB=0and A0
vector B is equal to:(2016,14,05 Karachi board)
(A) Equal to A. (B) Zero. (C) Perpendicular to A
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A AN A

(D) Parallel to A,
Q.No.22: The magnitude of product k .(j x i)
(2017, 2016 Karachi Board)
(Ayzero (B)1  (C)-1 (D) | k|
Q.No.23: Two perpendicular vectors having
magnitudes of 4 units and 3 units are added; their
resultant has the magnitude of:
(2018, 08,09 Karachi Board)
(A) 7 units  (B) 12 units (C) 25 units (D) 5 units
—> —
Q.No.24: If F = 3i, and d = 6j, the work done will be
(2019 Karachi Board)

(A)zero. (B)2 (C)9  (D)18

A AN ANA

Q.No.25: (i x j).(j x i)is: (2019 Karachi Board)
A
B) k

(A) -1 ( C)1_4D) zero
Q.No.26: IfA . B=0 ,(Kl x B =0 then B Is:
(2022 Kar_a)chi Board)
(A) zero vector. (B) equal to A.

(C) perpendicular to A. (D) not parallel to A.
AN A A

Q.No.27: i. (kxj)is equal to:
(2022 Karachi Board)
A

(A) 1 (B) 1 ()0 (D) 1
Q.No.28: If a vector has three rectangular
components each equal to “a”, magnitud@%

"

vector will be: (2022 Karachi

(A)Y3a (B)3a (C)a®
Q.No.29: It is not a vector quantj
(2022 Kar i Board)

(A) Force (B) Torque (C)F ncy’ (D)Weight
Q.No.30: When two bodidg BT ugequal weights
are dropped simultane from the same

height, then:
(A) Heavier body will

chhe ground earlier

the ground earlier
ach the ground at the same time.

of retardation is:
s the direction of motion.
ite to the direction of motion.
rpendicular to the direction of motion.
.32: When a body moves with a constant
spee®in a circle: (2005 Karachi Board)
(A) its velocity is changing
(B) its acceleration is zero
(C) its acceleration is increasing
(D) its velocity is uniform.
Q.No.33: When a constant force is applied on a
body, it moves with: (2007 Karachi Board)
(A) Constant speed.

(B) Constant velocity.

(C) Constant acceleration. (D) None
0Q.No.34: If the average and instantaneous
velocities of a body are the same, the body will
move with: (2013 Karachi Board)

(A) Variable velocity.  (B) Uniform velocity.

(C) Variable acceleration

(D) Uniform acceleration.

0.No.35: A bus of weight 30000 N is mov@\
uniform velocity of 14 m/s. Its acceleration i
(2017 Kargch{Poard)
(A) 14 m/s.  (B) zero. (
(C)7m/s. (D)9.8
Q.No.36: If velocity of a body'i creasing,
The direction of acceleratigfs:

Karachi Board)
(A) In the dir
(B) OpposK’a
(C)pP mi]c
to

f velocity.
he direction of velocity.

r to the direction of velocity.
(D e direction of velocity.
Q.No.37: If te time interval is very small (At—0),

ther amge of velocity of a bogy is called:
(2019 Karachi Board)

h
< ’ average acceleration (B) Acceleration.

(C) Instantaneous acceleration
(D) constant acceleration
.No.38: A projectile is fired at an angle ‘0’ with the
orizontal. Its velocity will be minimum at:
(2017 Karachi Board)
(A) the point of projection. (B) the highest point.
(C) point of landing on the ground.
(D) all points of its path.
Q.No.39: A bullet is fired horizontally with
20 m/s, in the absence of air friction its horizontal
velocity component after 2 s will be:
(2018 Karachi Board)
(A)40 m/s. (B)20m/s. (C) 10 m/s. (D)5 m/s
Q.No.40: The horizontal range of a projectile
depends upon: (2010 Karachi Board)

(A) The angle of projection.

(B) The velocity of projectile.

(C) ‘g’ atthe place. (D) All of them.
Q.No.4 1: A projectile is thrown at an angle of 30°
with the horizontal having a certain initial velocity. It
will have the same range if thrown with the same
velocity at an angle of: (2009 Karachi Board)

(A) 45° (B)6o°  (C)75° (D)15°
Q.No.42: Motion on a curved path when one
component of velocity is constant and the other is

variable is called: (2004 Karachi Board)
(A)Circular motion (B)Projectile motion (C)Vibratory motion
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0Q.No.43: When the dot product of two vectors
is negative then the angle between them is:

(2015 Hyderabad Board)
(A) 0° (B)90° (C)180° (D) 360°
Q.No.44: A ........ vector can be displaced

parallel to itself. (2015 Hyderabad Board)
(A) Position. (B) Unit (C)Null. (D) Free.
Q.No.45: ......... component of velocity remains
same during the motion of a projectile.
(2015 Hyderabad Board)
(A) Horizontal. (B) Vertical.
(C) Both (A) & (B) (D) None of these.
Q.No.46: The path followed by a projectile is
(2016 Hyderabad Board)
(A) Linear. (B)circular. (C)Parabola (D)Hyperbola.
Q.No.47: The dot product of i and jis:
(2018 Hyderabad Board)
(A)k (B)one (C)Zero (D)None of these
Q.No.48: Scalar product of two vectors obeys:
(2018 Hyderabad Board)
(A) Snell's law (B) commutative law.
(C) Associative law. (D) Both B and C.
—_— —

Q.No.49: If | A.B| = |A x B| then the angle
—

between A and B is: (2018 Hyderabad Board)
(A)0° (B)45° (C)60° (D) 90°.
A

A A
Q.No.50:lf i, j and k are unit vectors , th&kjﬂ
(2025 KarachiRBoa
A A

(A)Zero  (B)1 (C D) k

A A

Q.No.51:The dot product ofugilyectors iand k
is: (2026 KaMac oard) A

(A) 1 (B) -1 zero (D)j
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Answers:
(1) (D) perpendicular to each other (44) (A) Position.
(2) (C)6m/s (45) (A) Horizontal.
(3) (B) 20 sec. (46) (D) Hyperbola.
(4) (A) Their range will be the same. (47) (C) Zero
(5) (A) Unity. (48) (D) Both b and c.
(6) (B) Uniform velocity. (49) (B) 45°
(7) (D) g A
(8) (C) 76°. (50) (D) k
(9) (C) 45° (51) (C) zero
(10) (C) Perpendicular to each other.
(11) (D) zero.
(12) (A) zero.
(13) (A) 4 joules. @
(14) (C) Perpendicular @
(15) (C) 90° &K
(16) (B) =i \
(17) (B) unit vector.

C)5i+j-2k

(18) (B) abk. %
(19) (D) 180°. { )

) (

(21) (B) Zero.
(22) (C) -1
(23) (D) 5 units.
(24) (A) zero.
(25) (A) -1 Q
(26) (A) zero vector.
(27) (B) -1 N
(28) (C)V3 a
(29) (C) Frequery\

30) (C) Botigf therRywill reach the ground
(30) (©) wme g

nstant acceleration.
Uniform velocity.
) (B) zero.
) Opposite to the direction of velocity
) Instantaneous acceleration
) the highest point.
) 20 m/s.
) All of them.
) 60°
) Projectile motion.
) 180°

at S
(31) ( to the direction of motion.
(32 \sVelocity is changing

IR

eI
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Numericals:

Q.No. 1: A helicopter is ascending at a rate of
12 m/s. At a height of 80 m above the ground
a package is dropped.

How long does the package take to
reach the ground?

Data:

Initial velocity of the package = velocity

with which helicopter is ascending vi=12m/s

Net displacement of the package S =80 m.

Time taken to reach the ground  t=?
Solution:

Initial velocity of the package is equal to
the velocity with which helicopter is ascending,
hence after being dropped the package will
move upward for a short time and then fall
downward. In other words, initial velocity of
the package is upward and the acceleration “g"+
and the net displacement “S” are in the
downward direction (opposite to the direction
vi), Hence:

vi=+12m/s a=-g & _S=

S=vit+%at2

-80=12t -
49t2-12t-

g

=12+ 1712

) 9.8
+41.98 Hence,
9.8
t=+41.98 OR t=12-41.98
9.8 9.8
t =53.38 OR t=-29.38
9.8 9.8
t=545sec. OR t=-2.99sec.

Since time cannot be negative, therefore,
the package takes 5.45 sec. to reach the

ground.

each exerts a force of 6000 N, and
between the two ropes is 60°.

Calculate the resultant force on
Data:
Magnitude of force

|

@ce exerted by the

lg “0” with each other,
sultant “F”, according to
n by:

F=\108x10°
'é Magnitude of the resultant force
\ihe ship is 10392 N.

:9A car starts from rest and moves
nstant acceleration. During the 5"
of its motion, it covers a distance of

36 m, calculate:
(i) The acceleration of the car.
(ii) The total distance covered by the
car during this time.
Data:
Initial velocity vi=0
Distance covered during 5t second S=36m
Acceleration a=?
Total distance coveredin5s, Ss=?
Solution:
(7) Let the total distance covered by the
car in 5 seconds be Ss, given by:
Ss=vit++at?= 0+ % a(5?
Ss=125a.....c.........
Distance S4covered in 4 sec. is given by:

|F = 10392 N|

Ss=vit+3att= 0+3a(@d)
S4=88 i, (ii)
Distance covered during 5™ second will be:
S 5— S4=S
125a-8a=36
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4.5a =36 a=36

@< Acceleration of the car is 8 m/s2.
(i) Total distance covered by the car in 5 sec. is
given by:

Ss=v;t+ % at?

Ss= 0+%x8x(5)

€< Total distance covered by the car is 100m
0Q.No.4: Show that range of a projectile at
complimentary angles is same.

Ans: Range of a projectile is given by:
R=V,Sin20
g

'é From the formula for range of a projectile we
can see that for a given value of “V,” range of a
projectile depends upon the value of Sin 26. This
formula shows that range of a projectile will be
equal for two angles of projection which are
equal amount lesser or greater than 45°, sinc
(45°+ o) and (45°- o) are any two angles of
projection which are equal amount “a” gr
lesser than 45° for which range of the '
will be equal. These angles are
complimentary angles i.ce. sug
angles is 90°.

60°(30°is15°less
15° greater than 45°
€< Similarfcange

projection,
15° is 30° less than

29
R=h

if Sin26=Sin?0

2
This happens when 6 = 76°, Hence at 6 = 76°
Sin 2x76 = Sin 152 =0.5

Sin2 6 =_Sin? 76 =(_Sin 76)2=(0.9703)?=0.9415 = 0.5

2 2 2 2 2
Q.No.5: A mortar shell is fired at a ground
level target 500 meter distance with an initial
velocity of 90 m/s.

What is its launch angle \
Horizontal range Ru =
Initial velocity @90 /92

l?

Data:

Launch angle

{\Q\@& oy

2 Sin e@
LY,

Solution:
Horizontal ra
RH = ygz S

0 =37.2° 0=18.6°
of a projectile is same for two launch
which are equal amount greater or lesser
45°. Hence the second possible launch
illbe: 90°-18.6°=71.4°.
[Launch angle = 71.4°]
ind the angle between

— A A A

A=2i+2j-k

— A A A

B=6i-3j+2k
Solution: _— —>

Angle between vectors A and B is
givenby: 6=Cos™'_A.B
AB
A A A A A A

0 =Cos™(2i+2j~ k). (6i— 3]+ 2k).
V (27+(2)+(=17V (6)+(-3)+(2)?

A A

Since i.j=0, j.k=0 and k.i=0

A A A A A A
0=Cos'12i.i—-6j.j—2k. k.
V4 +4+136+9+4

A A A A

A A

Since i.i=1, j.j=1 and k. k=1
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0=Cos'12-6-2

Vo 49

4

3x7

0=Cos™' 4 =Cos10.1905
21

0= 79.01°
€< The angle between vectors is 79°.
Q.No. 7: Find the work done in moving an

A A A

—>
object alongavector: r=3i+2j-5k
A A A

0 = Cos™

—
if applied forceis: F=2i -j-k
Solution:
Work done is the dot_groduct of applied force
and displacement r. Therefore,
—>—
Work=F . r

A A A

) 2

A A A

Work =(2i —j— k).(3i+2j—5 k)
N AN A AN A

A

Since i.j=0, j.k=0 and k.i=

A A A A

Work=6i.i—2j.j+5

OJkOandkz-O

A A A A

ai.i+aj.j—2k.k=0
ata-2=0
OR  2a-2=0
Q.NO.Q_:) A A Ay A A A
If A=2i-6j-3k B=4i+3j-k

Flrg’a unit vector perpendicular to the plane
of A and B.

(2017,16, 14 11, 2 1999 Karachi Board)

Data: _

A =
Iar

@\o‘

21—6]—3k

A A

B 4i+3j-
Unit vector L to?and B

Solution: —— _)
By deflnltlon AxB=

U is ayr unit vector er
the plane of A and B.

—_—

36+ §) + j (—12 +2) + k (6 + 24)

B=15i-10+30 k
| A x B |=V(15)2 +(=10)2+ (30)?
x B|=v225+100+900= v 1225= 35

—_—
AxB
——
% |A x B
A A A A A A A

U=15i-10j+30k=15i-10,+30 k
35 35 35 35
—> ®<Hence a unit vector perpendicular to A
as well as?wul be:
A
3i-2j+6 k]

A A
U=
7 7 7

Q.No. 10: If one of the rectangular
components of force 50 N is 25 N. Find the
value of the other.(2010 Karachi Board)
Data:

Let
Then
Solution:
Since Fx=FCos 6 OR 25=50Cos 0
Cos9=25=05 OR ©6=Cos0.5
50 0 =60

A

F=50N.and Fx=25N
F,=?

The other component is:
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F,=F Sin 6 =50 Sin 60°

F,=50x0.866 [Fy, = 43.3 N|
Q.No. 11: Two forces of magnitude 10 N and 15
N are acting at a point. The magnitude of their

resultant is 20 N. Find the angle between them
(2004, 1993 Karachi Board)

Data:
Magnitude of F1=10 N
Magnitude of F2=15N
Magnitude of resultant F = 20N
Angle between F1 & F2 0 =?
Solution:
According to law of Cosine, the
magnitude of the resultant is given by:
F2 = F12 +F2?+ 2 F1F2 Cos 0
Where 0 is the angle between F1& F2.
(20)=(10)?+(15)°+ 2 x 10 x 15 x Cos 0
400 = 100 +225 +300 Cos 6
400 - 325 =300 Cos 6 A d
Cos0=175 =025 .. 06=Cos'0.25

300 0=75.53°

Q.No. 12: Two forces of equal magnitu

Angle betwee
Solution:

ind both sides we get:
=2F2+2F2Cos 6
-2F2=2F2Cos 6

-F2=2F2Cos 6
Cos 0= —F2
2 F2 F F2
Cos 0=—% s\120°

0=Cos'-%

..Angle between the two forces is 120°.
Q.No.13: Two possible angles to hit a target
by a mortar shell fired with initial velocity of
98 m/s are 15° and 75°. Calculate the r
projectile and the minimum time requ
hit the target? (2004,1995 K
Data:
Initial velocity
Angles for same ran
Range of projectil
Minimum tlme r
Solution:
Range ofa p

ge of the projectile is 490 m for both
S. The projectile will take minimum time
e target when it is fired at smaller of the

ossible angles, hence
T=2V,Sin6
\ .
= 2x98 x Sin 15°
O =%

®The projectile takes minimum time of
5.176 sec. at 15°to hit the target.

Q.No. 14:
A=3i+j-2k & _B)=;)l+3j+4k
Find the projection of A on B.

(2013 Karachi Board)

lT=5.176 sec)

A A A A A

Solution:
By definition:
——> —>
B . A =B (projection ofA on B)
Hence: — > >
Projectionof AonB = B.A
B
>—> A A A A A A
B.A=(3i+j— 2k)(—l+3j+4k)
> > AN A AN A A
B.A=-3i.i+3j.j—-8k.k
—>—
B.A=-3+3-38
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——
B.A=-8
Similarly: B =+ (=12 + (3)? + (4)?
B=vV1+9+16=+26
—> —
..|Projection of A onto B= - 8
\ 26
Q.No.15: A body starts from rest and moves
with constant acceleration 10 m/sec?, how
much distance will it travel in the 4" sec of its

motion. (2019 Karachi Board)
Data:
Initial velocity vi=0
Acceleration a =10 m/s?

Distance covered during 4" second S = ?
Solution:
Distance traveled in 4 seconds Sy:

S4:vit+%at2

Ss= 0+ %10 (4)?

S4:80m
Distance traveled in 3 sec. Ss:

Ss=vit+3at?

S3= 0+ 3% 10(3)?

A A A A A A

Work=16i.i-4j.j+21 k. k

Work = 16 =4 + 21 |[Work = 33 Joules.)

Q.No. 17: At what angle the horizontal
range of projectile becomes equal to its
vertical range? Prove mathematically

(2025 Karachi B
Data:

Angle
Horizontal range RH = ge
= Maximum helght
Solution:

Range of projecti

Maximum helght

pensfwhen 0 = 76°. Hence at 0 = 76°
Sin 2x76 = Sin 152 =0.5

76 =(_Sin 76)2=(0.9703)?=0.9415=0.5
2 2 2 2

€ At an angle of 76° horizontal

nge of projectile becomes equal to its
%nge.
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