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MATHEMATICS IN PHYSICS

SECTION-A [VECTOR] REPRESENTATIONOFAVECTOR

SCALARANDVECTORQUANTITIES

The physical quantities are of two types : scalar and
vector.

Scalar Quantities : The quantities which reguire only
magnitude to express them, are called ‘scalar quantities’,
€e.g. mass, distance, time, speed, volume, density, pressure,
work, energy, power, charge, electric current, temperature,
potential, specific heat, frequency, etc.

Vector Quantities : Certain quantities have both
magnitude and direction, e.g. position, displacement,
velocity, acceleration, force, weight, momentum, impul se,
electric field, magnetic field, current density, etc. Such
guantities are called vector quantities.
Note:
If aphysical quantity in addition to magnitude :
(8 Hasaspecified direction.
(b) Obeysthelaw of parallelogram of addition, i.e.,
R=(A2+ B2+ 2AB cos0)¥2
e
(¢) Anditsadditioniscommutative,i.e., A+B=B+A
then and then only it is said to be a vector. If any of
the above conditions is not satisfied the physical
guantity cannot be a vector.
Vector = has adefinite direction
Converse may or may not be true, i.e., if aphysical =«
guantity hasadirection, it may or may not be avector,
e.g., time, pressure, surface tension or current, etc., =«
have direction but are not vectors.
Vectorsaredivided intotwotypes:

(i) A vectorisrepresented by alinewith an arrow head.
(i) Thepoint O fromwhere

thearrow startsiscalled

thetail orinitial point or

origin of the vector. .
The point A where the A |aj=a .
arrow ends is called the Length OA=magnitude

. ; Direction of arrow isin
tip or head or terminal the direction of vector

point or terminus of the vector.
Vector havetheir own algebrawhichisdifferent from
ordinary algebra.
Inordinary algebra5+9=14
and AxB=BxA

But in vector algebra §+3 = can havevaluein

- = > 5 o

between 4tol4 or ZxB;&BXA

A vector displaced parallel to itself remains unchanged
(fig)

Vl\‘
ol
o)

o A B but [{= ol

a=b=c ora=bh
If avector is rotated through an angle other then 360° it
changes.
A vector can be replaced by other when its direction &
magnitude is same.

(@ Polar Vectors: Ithave starting point (likedisplacement)  pULTIPLICATION OFAVECTORWITH SCALAR

or apoint of application (likeforce).

(b) Axial Vectors: Rotational effectsare represented by axial
vectors. They arealong axis of rotation, direction denoted
by right hand thumb rule or right hand screw rule.

If avector multiplied by ascalar quantity then we get a
new vector inthe same direction but having new magnitude
=scalar quantity x magnitude of the vector quantity.

Ex. Angular displacement, Angular velocity, torque, NITVECTOR

angular momentum.

Axid Vector]

Plang of Motion

Plang/of Motion

=, >

2 Clockwise rotation
Anticlockwise rotation

A vector having unit magnitude. It is used to denote the

direction of agivenvector. A=3a-A

a isunit vector along the direction of A

Ex Asshowninfig. if OA is As
displacement of vector in

any N . 8 = 6 meter
arbitrary directionthen 3 is a= 1 meter
unit vector in the same o a a=6
direction.

[
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Orthogonal Unit vectors: y i FromA OAB. OB = OA + AB

Theunit vectorsaong the X -
axis, Y-axisand Z-axis of the
right-handed Cartesian
coordinate system arewritten

as f] and k respectively.
These are called orthogonal unit vectors.

TYPESOF VECTORS

(@ Negative of a vector : It has direction just opposite to
given vector and have same magnitude.

(b) Zerovector or null vector : A vector with zero magnitude
having no specific directionis called zero vector .
(i) Multiplying avector by zero.i.e. 0 (X) = 8
(if) By adding a negative vector to the given vector.

() Equal vector : Two vectorsarecalled equal (or equivalent)
vectorsif they have equal magnitude, and same direction.

(d) Collinear vectors: Two vectorsacting along same straight
line or along parallel straight linesin same directionor in
opposite direction.

() Coplanar vectors: Three (or more) vectors are called

VECTORADDITION

@)

(ii)

coplanar vectorsif they liein the same plane. Two (free)
vectors are always coplanar.

Law of Triangle: If two Sides
of triangle are shown by two
continuous vectors

o . 3 ="
(A and B) thenthird side of trianglein opposite direction
— - —
C=A+B
Polygon M ethod : We use thismethod for more than two

shown resultant of two vectors (C) .

- o> -
vector. Suppose a, b, ¢ arethreevectorsto beadded, a

diagram |sdrawn mwhlchthetall of b coincideswith the
head of a And tail of c comudeswnh head of b

The vector joining the tail of a and head of c iscaled
the resultant vector and this is the vector sum of three

. - > > >
given vectors d= (a+b+c) .

- - — - -
= OB = a + b (resultant of a and b)

FromA OBC
- - -
OC OB+BC:>OC-(a+b)
- -
or d_a+b+c
- - -

(resultantof a, b and c)

Examplel:

Sal.

ABCDEF isA regular hexagon. O isitscentre then prove

— - - -

— —
that AB + AC + AD + AE + AF=6A0.

E D
AF|| CD
el
AF=CD
F C
A?)+ C;D:A_I)D
2A0=AD (AO=0D)
A B
— - - - -
AC+ CD =AD (CD = AF)
- - - - -
AE + ED AD (ED = AB)
AD 2AO

LHS= (AE+AB)+AD+(AC+AF)
:AD+AD+AD :3AD :6AO

NOTE

*

Vectors of the same nature alone can be added .

Ex. A force vector cannot be added to velocity vector

but can be added to force vector only.

Vectorsaddition iscommutative.

Sum of the vectors remains the same in whatever order
-> > o

they may be added. (A+B)+C (A+B+C)

If all sides of polygon are represented

by continuous vectors then vector _,

sum of al sidesiszero. S

ool

- — -
A+B+C=0 z "
If avector A ismultiplied by zero, we get avector whose
magnitude iszero called null vector or zero vector.

Theunitof n A issameasthat of A

number .
The unit of vector does not change on being multiplied
by a dimensionless scalar

,if nisapurerea

The unit of nA s different from that of A
dimensional scaar.

,ifnisa
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The multiplication of velocity vector by time gives us
displacement. / 5 " B

*  Sum of three non-coplanar forces can never be zero. :

* Minimum number of equal forces required for a zero 30 - = 0 : >
resultant is two. A " O M A

* Minimum number of unequal forces required for a zero
resultant is three.

LAMI'STHEOREM
If three forces acting at a
point arein equilibriumthen A~
each forceis proportional to
sine of the angle between the

other two. y p
A B C “ 2
o Sno sinf siny B
Example 2:

A ropeis stretched between two poles. A 50 N boy hangs
fromit, asshown in Fig. Find thetensionsin thetwo parts
of the rope.

Sal. InFig. a=90°+15°=105°, § = 90° + 30°=120°

andy=180°—(30° + 15°) = 135°
T W
sina  sinfB  siny

Using Lami's Theorem, we have,

T oW y sin105°
1~ siny ~ sin135°
50 sin75° _ 50x 0.9659 683N
- sin45° 07071
_ Wsinp  50sin120°  50xsin60°
27 dny sin135° sin45°
_ 50x 0.8660 C6L24N
o707

COMPONENT OFAVECTORALONGANOTHERVECTOR
Two vector K and E there as shown below to get
component of E along K
= shift E [toit self and madeit co-initial with X draw a
perpendicular from B to OA let it meets X aM
0 isanglein between Z and E
Component of E , dlong Z =OM =OB cos6

Note: (i) 6=0,OM maximum (i) 6 =90°, OM = zero

RESOLUTION OFAVECTOR

It is the process of splitting a single vector into two or
more vectors in different directions which together
produce the same effect as is produced by the single
vector alone. The vectors into which the given single
vector is splitted are called component vectors. Infact,
the resolution of avector isjust opposite to composition
of vectors.

(i) Rectangular Componentsof aVector in aPlane

A given vector represented by Y

N N
A , makes £ 0 withx-axis I
and £ ¢ with y-axis. AL B
N .. lj
ON=ON -j=A,] 56, 1
—an—V

OM =A,,ON=A, OM=0M-i=A,i
A, =AcosH, A, =Asind =Acosé

— — - - ~ ~
OA =0OM +MA ; A:Axi+ij
We can write

=l ~ - d ~ ~
A =(Acosb)i+(AsinB)j or A =(Acos)i + (A cosd)j

FromA OMA
(i) OAZ2=0MZ2+AM2=(Acos6)?+ (Asing)?2

N
orAZ=A 2+ AZor A=\ AL +AT A= [AZ+A2

T t G_M
(i) tan®= "o

Example3:

g ~ -~
A =5i +10j find out magnitude and direction of X .
Sol. A, =5, Ay:10

1A= B2 +10)2 = 125 =55

If X makesangle 6 with x-axis, then

10
tane=€= 2: 0=tanl(2)
Example4:

Given B = 2 + 2] find out magnitude and direction of B.
Sol. B,=2, By,=2; B=4(2?+(2% =22
It B makes./ ¢ with x-axis, then

By2

tan¢:B—X=E =1 .. Zp=45°

[3
I'_
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Example5: Example6:
A man pullsarope attached to a box with aforce of 80 N. WriteD.C. of Z — 2 -3 -k
The rope makes an angle of 30° to the ground. N . . .
(a) Calculate the effective value of the pull tending to Sol. Let a = ayi +ay] + ak
move the stone along the ground. $0,3,=2, a,= -3,a,=-1
(b) Calculate theforce tending to lift the stone vertically.
(c) Write down force vector. a= \/a§ + a)z, + ag = \/(2)2 + (—3)2 + (—1)2 =14
Sol. (@) The pull along the ground
=F, =Fcos30 T Cosa:a_x:\/_ _ay__3,
a -y _
=80 % =40V3N F 2 a1
o a —
o e F a4
(b) Force tending to lift the stone vertically
Example7:
1
=F,=Fsin30°=80x ~ =40N , , , S
y 2 Find out unit vector inthedirectionof A =3i — 2j + 4k ..
-
2 T S 4 - - ) > . ~ A
(©) F=FKi+FRj= F=(40V3)i+(40) j Sol. Unit vector dlong A is= & Givenby a= -~
i - - N
RECTANGULAR COMPONENTSOFAVECTORIN3-D Let A=Ay +Ayj+ Ak
A, =3 A, =-2 A, =4
Let A makesanglea, p M = X y z
andywithX,Y&Z & .
e i R P A2 A2 A2 2 2 2
axisrespectively. Ay x TAY+AZ ={(3)° +(-2° +(4* =29
B A
- - (@] o X N . . .
A =0P ol L L A3 -2)+4k
Then we can write a=a= J29
N
- _ A _
Ax=Acosa=cosa= =X =1 SUBTRACTIONOF VECTORS
Vector which is want to subtracted just change direction
A — -
Ay=Acos[3:>cos[3=Ty=m of that vector and then add. A B=A+(- B)
A Example8:
A,=Acosy=cosy = 2 =n
A

— —

- > g ° 2 0
OP=0L + LK + KP OF A =A,i + Ayj+ Ak
With the help of plane geometry we can prove
AZ=AZ+AZ+A?

_ [x2 2 2 : s
or A=Ay +Ay +A; (Magnitudeof A)

5
COS a, cos B, cos vy, gives direction of A in space, 0

these are known as Direction Cosines (D.C.) of X

cos? o + cos? B + cos? y = [ ] k J [ ]2

_AF+A+AL A2
AZ A?
cos? o+ coPp+cofy=1 ;/2+mi+n2=1
sno+sn?f+sin?y=2

=1

. - ~ ~ A > A ~ ~
Given 3 =3 + 2j—k: b=i+j+3k-

- -
Determine (i) a + b (ii) Z _E
- o

Sol. a+ b=(3i+2j—-K)+(i+]+3k)

a-b= (3l+2] k)-(i”+]+3|2)
—3|+2] k+|+]+3k
:3|+21— —I—J—3k
:4iA+3]+2I2:2iA+]—4I2

POSITIONVECTOR

A vector which givesthe position of apoint with reference
to the origin of the co-ordinate system is called position

3
vector. OP isthe position vector = givesthe position of

the particle with referenceto origin O.
Magnitude of position vector
= distance of the point P from origin O

B
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Position vector of point Pintwodimension.

Let co-ordinates of point Pare(x, y)

> o> ~

OP=r ; I =Xi+y]

. d
X=rcosf, y=rsin® ; |y |=,/x?+y?

Position vector of point P in three dimension.
Co-ordinates of point Pare (x, Y, 2)

- " " n zi
r=xi+yj+zk

_)
| r |:\/x2 +y2 +7°

X=rcosa
y=rcosp
Z=rCoSYy

P
X

DISPLACEMENT VECTOR
Suppose at timet aparticleisat P,

(Xl, yl) P

AN Q (X2 ¥2)

X

- o o
i =X11 +Yy1])

.. . 4) *>
Position vector of pointP, OP =1, ;
Point P moveto Q

- . 2 2 -
rp, ' f2=Xz1+Y2])
displacement vector = difference of two positions

position vectors of Q , (;Q _

- > >
dr=r—r:|orkE \/(xz—x1)2+(y2—y1)2+(22—21)2

Generalising this result for three dimensions,

g ~ ~ ~
Or =(Xo —=x)i +(y2-Y1) ] + (z2 -7k

|§r |= \/(Xz —x)? + (Y2 - y1)? + (22 - 71)?

- -

Let Pmovesto QintimeAt. Thevector PQ = (A r) with

tail Pand tip Q isthe corresponding to the motion fromt
-

tot". Then velocity of particle |, _ jim S .

St — 0ot

Example9:
Find the unit vector of 4i —3j + 5k.

- -~ A ~
Sol. Let A = a4i-3j+5k

- ~ - ~
Comparingwith A =A, i +Ay j+ A,k
Ay=4 A =3 A,=5

A= AL+ AY + A7 (@2 + (-9 +(5)

or A=416+9+25 = 5y2

Example10:

N & - P
If A=4i-3] and B=6i+8] obtain the scaar
> > > >
magnitude and directionsfromx axisof A, B, A+ B;

> > -> -

A-BandB-A.

Sol. Magnitudeof 5 = \/(4)?+(-3)%2 =5

tand = 3 =0= tan_l(—Ej
4 4

) —>
Magnitude of B = /62 +82 =10

tang=2-2 :O:tan’l[ﬂj = 53°
6 3 3

—> —> ~ ~ ~ ~ ~ ~
A+ B=4i —-3]+6i + 8j=10i + 5]

5 1 - -
tanB:E=§=0-5 v |A+B]|= (10)2+(5)2 =112
0 =tan™! (0.5) = 26.5° approx.
4 —3j- (6] + &) =4 ~6]- 3] - ]

|X_E|: /(_2)2+(_11) =—2,i\ —11] :\/4+121:5\/§

((__1 ;0=tan ! (1—1j

- >
A-B

1
2

N—r
[N

tan0 = —1 =
2) 2
PARALLELOGRAM LAW OFVECTOR

To determine magnitude & direction of resultant vector,
when two vectors act at an angle 6.

[5
I'_
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- -
According to this law if two vectors P and Q are

represented by two adjacent sides of aparallelogram both
pointing outwards. The diagonal drawn through the

intersection of the two vectors represents the resultant
- - oS> -

R- R=P+Q
Fromtriangle OCM
OC2=0MZ2+ CMZ2=(P+Qcos6)2+ (Qsin6)?
=P+ Q2 cos? 9 +2PQcos0 + Q? sin? 0
R? = P2+ Q2+ 2PQ cos 0

R = /P2 + Q2 + 2PQ cos6
(Magnitude of resultant vector)
CM Qsind 1
tan ¢ = = or ¢:tan_1ﬂ
OM P+ QCOSG P+ Qcose

(Angle of resultant vector with P)

IMPORTANT RESULTS

(&l
o]

(c]

[d

(€]

[fl

[d]

- -
0=0°= P|QthenR,,=P+Q
0=180° = anti [[thenR;,=P-Q

> o
0=90°=>P 1 Q

Rzm here tan ¢:[9)

P
- -
|IP[=]Q|=a

2 0 0
IRI=2 Pcoszand tang = tanz

— -
|P|=1Q|=a and
()6=60°;R= /3P

(ii)0=90°;R=+/2P

(iii)6=120°; R=P

If three vectors of equal magnitudes makes an angle of

120° with each other then the resultant vector will be zero.
R=0

If n vectors of equal magnitude makes the angle of equal

measure with each other then the resultant vector will be

zero.

SCALARPRODUCT ORDOT PRODUCT OF TWO
VECTORS

. - -
If 6 isthe angle between A and B .
- -
ThenA(Bcosf)= A+ B, A andB arethemagnitude
-
of X and B .
The quantity AB cos 0 isa scalar quantity.

5
Bcost is the component of vector B in the direction of

5
A . Hence, the scalar product of two vectorsis equal to

the product of the magnitude of one vector and the
component of the second vector in the direction of the
first vector.

Ex: [UW=F+S [2P=F+V [3¢=B+A

PROPERTIESOF SCALAR PRODUCT

@

(b)

©

()

©

)

The scalar product is commutative.
- > oS> -

i.e. AeB=BeA

- - - -
A+*B =A(Bcos0)=(Acos0)B= B+ A

The scalar product is distributive.

e e e R

A+ (B+C)=A+*B+A-C
The scalar product of two mutually perpendicular
v_)ectcisiszero.

A+ B =ABc0s90°=0

- - - -

A*B=0forALB

i*j=0jek=0,kei=0

The scalar product of two parallel vectorsisequal to the
product of their magnitudes.

> >

A+ B =ABcos0°=AB ;cos0°=1
The scalar product of a vector with itself is equal to the
square of the magnitude of the vector.

- -

A+ A =AAcos0° =A?
iei=1jej=Lkek=1
The scalar product of two vectorsis equal to the sum of
the products of their corresponding x, y, z components.
-
Let Z and B betwo vectors.

- ~ ~ A ~ ~ ~
A=Ayi+Ayj+AK; B=Byi+Byj+B,k
Their scalar product is given by
- - ~ ~ ~ ~ - ~
A B=(Axi+Ayj+AK)(Byi+Byj+B,k)
- -
A+*B = ABtAB, +AB,.

i — -
Now, the scalar magnitudesof A and B are

A§+A§+A§ and B§+B)2,+B§ .

5
Therefore, the angle between Z and B isgiven by

- >
A*B

AxBy +AyBy +A,B,
cosf=——
AB

; COSO =

JAZ+A2 A2 B2+ B2+ B2

[ 6
I'_
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Example11:

- A ~ ~ - A ~ -~
Two vectors A =i+2j+2k and B =i+3j+6k.

Find (i) Dot product (ii) Angle between them,

Sol. (i) Dot product
A={D%+(2%+(2?%=3
B=+/(1)?+(32%+(6)% =-/46
- —> ~ ~ ~ ~ ~ ~
AeB =(i+2j+2k)e(i+3j+6k)

=1x1+2%x3+2x6=19
(i) Angle between them

- -

- - oS0 — AB

A+ B =ABcost = ~AB
19 _1[ 19 j
c0sf=—F— = 0=c0s | —F—
3V46 3V46

Example12:

Ed ~ A A ™ ~ ~ ~
Let a=2i+3j—k, b =—i+3j+4k . Evaluate
, T e
M)allb| (i) 3 b
(iii) the angle between the vectors a and B
(iv) the component of a along B
(v) the component of B along a
- R s r
Sol. Given a=2i+3j—-k, b=-i+3j+4k

0 lal=y22+33+(-1)% =4+9+1=114
[b|=+/(-D%+3°+4% =\1+9+16 = /26
(i) 3 b =2(-1)+3x3+ (1) (4)=3

(iii) The angle 6 between the a and B isgiven by

- =
0 - ab 3 3
lallb] V14v26 201
3
or 9=cos‘1[—]
2491
(iv) The component of a on B> = acos
3 3
=14 x =
V14426 26

Example13:

Sol.

Find the value of 2 so that the two vectors 2j + 3] -k &

—4i - 6]k are(i) parallel (ii) perpendicular to each other
—> ~ ~ ~ — ~ ~ ~
Let a=2i+3j—k and b =-4i-6j+2k

(1) a and B are parallel to each other

& _ B 8 2

=% T ielif ——i—_—lork—z
by by by "7 4 6 1 -

(i) a and b areperpendicular toeachotherif a-b =0
i.e.if 2(-4)+3(-6)+(-1) (A)=0
or A=-8-18 or A=-26

Example14:

Sol.

Under what condition the sum and difference of two
vectorswill be equal in magnitude.

- o - o
|A+B|=]|A-B]|
Squaring both the side
- > - >
A2+B2+2A-B =A2-2A-B +B2
i i
4A-B =0 oo A-B=0 i.e.XL_B)

When the two vectors are equal in magnitude and
perpendicular to each other

Example15:

Sol.

There are two displacement vectors, one of magnitude

3m and other of 4m. How should the two vectors be added

so that the resultant vector be: (a) 7m (b) 1m(c) 5m

(@ For 7m both the vector should be paralel i.e. angle
between them should be zero.

(b) For 1m both the vectors should be antiparallel i.e.
angl e between them should be 180°.

(c) For 5m both the vectors should be perpendicular to
each other i.e. angle between them should be 90°.

CROSSPRODUCT OF TWO VECTORS

5
Cross product of K and B inclined to each other at an

- o

angle®isdefinedas: ABsnd n=A xB

~ - -
n Ltoplaneof A and B.
Directionof N isgiven by right hand thumb rule. Curl the

fingersof your right hand from K to E . Thenthedirection

— -
of the erect thumb will point inthedirection A x B .
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The vector product of two vectors is defined as a vector
having amagnitude equal to the product of the magnitudes
of the two vectors and the sine of the angle between
them, and having the direction perpendlcular to the plane

containing the two vectors. Thus, If A and B be two
vectors, then their vector product, written as A x B ,isa
vector 8 defined by 8 = X x B =ABsnon, where A
and B arethe magnitudes of X and B ;and 0 istheangle
between them and A isaunit vector perpendicular to the
plane of K and B

Thedrrectlon of C (or of N)isperpendicular totheplane
containing A and B and its sense is decided by right-
hand screw rule. If a right-handed screw whose axis is
perpendicular to the planeformed by X and B isrotated
from the first vector Z to the second vector B through

the smaller angle between them, then the direction of

advance of the screw givesthe direction of 8 (or of N).

- -
Examples: (i) -+ T xF (ii) 3_?X3
.

(iii) V=oxT (iv) @a=oxr

PROPERTIESOF VECTOR PRODUCT

(@ The vector product is'not' commutativei.e.
e T - - -

AxB#BxA ' A x B=-B x A
(b) The vector product isdistributivei.e.
- - - -S> > - -
A x(B+C=AxB+AxC
(¢) The magnitude of the vector product of two vectors
mutually at right anglesisequal to the product of the

magnitudes of the vectors.

e d e d R R
A x B=ABsin90° h=AB n,

(d) The vector product of two parallel vectorsis a null
vector (or zero vector).

- - o
A x B=AB(snO)n=0or 0
(e) Thevector product of avector by itself isanull vector

- - . 2
(zerovector). A x A =AAsn0)i=0 or 0
(f) The vector product of unit orthogonal vectors i, ] k

have the following relations in the right-handed
coordinate system.

Il
|
=)

@

A
/I
A
-J -/
(b)ixi=0 ]x]:O kxk=0

x> —o> =
>

- =y —o
X

x ]
x k=
xi=

|I
._) —) o

;\—) — =

The magnitude of each of the vectors ?] and k is1
and the angle between any two of them is 90°.

Therefore, wewrite | x | = (1) ()sin90°fi = fi, where
fi isaunit vector perpendicular totheplaneof | and ]

i.e. itisjust thethird unit vector .

(g) The vector product of two vectorsin terms of their x,
y & z components can be expressed as a determinant.

- —
Let A and B be two vectors. Let us write their
rectangular components :

g A~ ~ A~ A ~ ~
A=Ayi+Ayj+Ak; B=Byi+Byj+Bk

AxB =(Axi+Ayj+AK) x (Byi +Byj+BkK)

=(AyB; ~ByA,)i—(AB, ~ByA,)j+(ABy —B,A, )k

k
y A
B

N

<
N

Examplesof some physical quantitieswhich can be expressed
ascrossproduct of two vectors:

@

(b)

©

@

©

The instantaneous velocity (7) of aparticle isequal to
the cross product of its angular velocrty (03) and the
position vector (r) i.e v m x r

The tangential acceleration (at) of aparticleisequal to
cross product of its angular iccel_e)ration ((_x)) and the

.. - . _>
positionvector (r) i.e. a

= xTr

BN
The centripetal acceleration (a;) of aparticleisequal to
the cross product of its angular velocity and the linear

- > -

velocity (v) i.e. 8. =0 xV
Theforce F on acharge q movinginsidemagneticfield
isequal to charge times the cross product of its velocity

- L . - - - -
(v) and magnetic induction (B) i.e. F=q (v x B)

-

Thetorque of aforce t isequal to cross product of the

N
position vectors (r) and the force (E) applied i.e.

> o5 o
t=r xF

[ 8
I'_
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(f) Theangular momentum (_L)) isequa to cross product of

Example16:
- - - > - A ~
Find axb and pxa if a=3k+4j,

Q.1 Consider the pair of units vectors (iAp, ]p) located at the

Q.2

Q.3
Q4

Q5

- -
position vector (r) and linear momentum (p) of the

> -5 o

particlei.e, L=r xp

-

b =i+

k
3|=—7i +3j- 4k
1

TRY ITYOURSELF-1

point P, and the pair of units vectors (i;, ]S) located at
the point S. Which of the following statementsis true?

(A) T # s I]_. y Ii

~ ~ A I
(B) Jp s S Is P P
© ip =lg >
(D) ip=1s

Consider a vector A with |A |>1. The unit vector
pointing in the same direction asthe vector A isgiven by
A IA] B A O |AIA (D 2
Az B ©IAIA O A
The polar coordinatesof apointarer =5.50m & 6 = 240°.
What are the cartesian coordinates of this point?

FromthegraphinFigure, v
characterize vectors |g|-;

A and Cin
vector

unit

notation and vectors B

and D inpolar notation ’

Let A=3i+4] and B=5i 6] .

() Find A+B,A-B,2A+3B, and C such that
A+B+C=0.

(i) FindA,thelengthof A andtheangleit makeswith
thex-axis.

Q.6

Q7

Q.8

Q9

Q.10

Q.1

Q.12

Q.13

Q.14

Q.15

Consider two vectors A = 2i +3k and B = —6i + 4k.

The two vectors are —

(A) padle

(B) perpendicular.

(C) neither parallel or perpendicular.

Using the dot product show that if A+B is
perpendicular to A—B , thenA=B.
Two vectorsaregivenby A = -3 +4j and B = 2i +3].

Find (@ A xB and (b) the angle between A and B.

A student movesin astraight line at constant speed from
thepoint f;, to T, inatimeof 5s.

R =(1.0m; 1.0m;0.0m); ¥, =(5.0m;.—2.0m;0.0m)
What is the unit vector, v, in the direction of the
student's motion?

Theresultant of two vectors of magnitudes2A and /2 A

acting at anangle 8 is \[10A. Find thevalue of 6.
If the resultant of two forces of magnitudes P and Q

acting at apoint at an angle of 60° is v'13Q , find P/Q.
Theresultant of P and R

Q isperpendicularto P .
What is the angle be- Q

tween P and Q. e b

One of thetwo rectangular components of aforceis25N
and it makes an angle of 45° with the force. Find the
magnitude of the other component.

One of the rectangular components of a velocity of 60
kmh 1 is30 kmh~2. Find other rectangular component ?

If &, p and € areunit vectorssuchthat a+b+¢=0,
then find the angle between 3 and p.
AN ER
(1) (CD) 2 B) (R)x=-2.75m,y=-4.76m
@) A=225+05}, C=-072—]

B =13/125°, D =2.6£-20°.
(5)()) A+B=8-2] ; A-B=-2i+10j

2A +3B =21 -10j, C=-8i+2] (i) 5

- 4. 3.
(6) (B) (8) -17k ,70.6° (9) PR
° cost (_—P\
(10) 45 (12) 3 (12 L 3 )
(13) 25N (14) 304/3 kmh™1(15) 2n/3

9
I'_
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SECTION - B

CALCULUSINPHYSICS
DIFFERENTIATION
Meaning 1 : Literally it means to divide into very small
part.
Meaning 2 : The derivative of variable y with respect to
variable x is defined as the instantaneous rate of change

of y w.r.t. x. It isdenoted by ;—‘Z .

Iimﬂﬂ

dx Ax—0AX dx
when changeinx isvery small.

dy

means change in y w.r.t. change in x

M eaning 3: Geometrically, ;—‘Z

is equal to the slope of the tangent
tothecurverepresentingy =f (x)

at that point 9
dy y
i.e. Slope= ax =tan®
(1) Slope of distance (s) — time (t) graphs shows speed
_ds
Vo
(2) Slope of v —t graph shows acceleration
ds
dv d[&] d?s _
a= — = ———— = — — (doublediff. of sw.r.t.t)

dt dt dt?

dw
(3) Slope of work — time graph shows power. Power (P) = —

dt
: dp
(4) Slopeof momentum (P) - time graph showsforce F= o
(5) Slopeof angular momentum (L) - time graph showstorque
_d
Tt

Fundamental For mulaeof Differentiation :

d
() If cissome constant, then ix (©=0

(cx)= c% =C.

d
(2 Ify=cx,wherecisaconstant, then Y ==

dx  dx

(3) Ify=x" wherenisarea number, then L nx"-1

dx
Ly =1, L) = 2x2t, L5y -5t
dx dx dx
(4 If y=cu, wherecisaconstant and uisafunction of x, then
Y _d o
ax dx GDFC G

Examplel7:
d
it y=axd D -9 ax7) Zgx7x6 = 56x°
(i) if y=8x e dx( ) =8x
d _ _ ~
iy ify=—5x5, D = 9 (5x5) _ 5y (_5)x 6 = 25x°6
(i) ify 5%, dx( ) x(-5)
(5) If y=u", wherenisreal number and uisafunction of x,
ﬂ - n—1%
then X =nu o
(6) If y=u+v, whereuand v arethe functions of x,
d _odu dv
dx ~ dx  dx’
Product Rule:
(7) If y=uv, whereuandv arethe functions of x, then
dy _ dv odu

— =—u—

dx ax Y x
Example: Ify=(3x3+7) (6x2 +3), then

;ﬂ = B+ 7)(12x) + (6X% + 3)(9x?) = 90x* + 27x% + 84x
X

u
8 Ify= v where u and v are the functions of x, then

Jdu v
dy i[ﬂ): dx  dx

dx dx \v Va

denominator x deriva_tive of numerator
—numerator x derivative of denominator

(denominator)?

Example18:
2
it y=2X1 then
X-2
dy  dx®+1)  (x-2)2x+0) - (x*+1(1-0)
dx  dx( x-2) (x—2)?
2x2—4x—x2—1_ X2 — 4x—-1
(x-2) (x-2)
Chainrule:
_ _ & &y
9 Ify=f(uandu=f(x),then ol dux v

Examplel9:

= (%2 + )3 Ei dy
y = (ax“+b)°. Find i

Sol. Put u=ax?+b Then y=ud

—
I10
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From these equations, we have
du_

2ax and ﬂ=3u2=3(ax2+b)2
dx du

g ﬂ=ﬂxﬂ=3(ax2+b)2(2ax)
du du dx

(10) Ify=(ax+h)", then ;—di =n(ax+b)"~1 x % (ax+b)

Derivativesof Trigonometrical Functions:

d
Q) Ify=sinx,thenﬂ =

X - dx (sSnx) =cosx.

d
(2) Ify=cosx,then ;—di = ax (cos x) =—sinx.

d
©) Ify=tanx,then;—d§ e (tanx) = sec? x.

Example20:

Find out the differential coefficient of sec x
Sol. Letcosx =t, then

@ (g = & (om0t = 9t [
o= om0 (G

= —t‘zi(cosx) =—sec? X (-sinx) = secx.tan x
dx

Example21:

d
Determine d—i when y = cos(2x)

Sal. & =[-sin(2x)] x[2] = -2sin2x
dx

Derivativesof L ogarithmicAnd Exponential Functions:

dy 1 1
(1) Ify=log.x, then —= = — log,e= L

dx x €

d
(2) If y=€*, then d—i =elog,e=¢e~.

d (@)
(3) o =a‘loga
Example22:
If y=log(sinx), then
ﬂ:_ii(sinx):_i(cosx):cotx
dx sinxdx sinx
Similarly, if y=log (ax +b), then
dy d 1 d 1 _a
ax - ax @bl = R D = iy @O = 5

b
—
I11

Example23:

If y = xeX, then % =&+ xe* =X (x+1)
Similarly, if y=¢e@% then

a@_4d
dx dx
Note : While differentiating in Physics, remember, with
respect to which parameter, you have to differentiate.

(etanx) — etanxdi(tan X) _ etanxsecz X
X

USE OF DIFFERENTIATION IN PHYSICS
Differentiation is a mathematical tool and can be use in
any section of physics for developing the concepts we
aredealing only in (A) Motion analysis
(B) Error analysis
(C) Maxima& minimabased problem
(A) InMotionAnalysis: MotionAnalysisdealswith position,
velocity, acceleration to find acc” from velocity. Vel ocity
from position function you can use differentiation

dx dy
Xovsa V=g W= ivs Vi VS
_dv_d(dx/dt) d®x
Cdt dt 2
(read asdouble differentiation of x wrt t)
_Ov_dvdx _ dv

a=—-=— =V—
dt  dxdt dx

Example24:
The displacement x of aparticleat atimet isgiven by
t=./x + 3. Find the displacement of the particle at the
instant velocity is zero.

Sol. As t=Vx +3  or Jx =t-3
Squaring both sides x = (t—3)?
Differentiating at x w.r.t. timewe get

_dx

Codt

Velocity iszeroat 2 (t—-3)=0ort=3

. Fromeq. (1) at t =3 the value of x isx = (3-3)20rx=0

% =2(t-3)

Example25:
If the motion of a particleis given by x = at? and y = bt?,
then find the velocity of the particle.

Sol. As, x=at? .. (1) and  y=ht?

Differentiating eg. (1) and (2) w.r.t. time we get

%—Zat&ﬂ—th'Let =2at & v, =2ht
dt R S V2=

Resultant velocity v= \Vf + v orv=/4a%? + 4b’t?
or v=2t. a?+b?
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Example26:
The relation between displacement 'x' of a particle with
time't'isgivenby t = ax2 + Bx, wherea. and p arecongtants.
Find acceleration of the particle.

Sol. To get acceleration, we should have relation betweenv & t
. dx
Toobtainv (' -€. Ej differentiate given equation w.r.t. 't
Differentiating we get
1=20x D 4p X o 12 ooxs
=2axX Bdtor —dt((xXB)
P
V5 T 2ax +pB
d@d @d
2 = (2
N (20x+B) p ot (20x+B)
Todt T (20 +B)?
dx
Zaa _ 20 "v:%: 1
a=- - ' dt  (2ax+B)
(2ax+B)? (2ax+p)°
or a=-2av3
Example27:

The displacement x of aparticle along astraight line at a
timetisx=ay+at + a2t2. What isthe acceleration of the
particle.

Sol. As x=gy+at+at?

dx
Differentiating abovew.r.t. timet, weget v =E =y + 2a,t

L L . dv  dx
Again Differentiating w.r.t. timet,we get a=E =dt_2 =23,

Useof Differentiationin Calculation of Error :
In this section we will consider only application of
differentiation in error, for details on error please refer
chapter units and dimensions.
Let Z = x@x yP. Taking log and differentiating, we get,
d_Z: a%q,ﬂ or d—z%: a%%-l- bg%
X y YA X y

(B)

Example28:

If an error of 2% occursin measuring the radiusof asphere

then find the percentage (%) error in surface area of the

sphere.

Surface area of sphere, s= 4nr?
ds

dr
or <" 2 [T) [4r is constant] or

Sol.
ds
— =2%x2%
S

ds
or ?%:4%

Example29:
If an error of 1% occursin the momentum of aparticlethen
find the % error in the kinetic energy of the particle.
m

inati 1 2 1 2
Askinetic Energy K = — mv< or K=Emv XE

Sal. >

or K= = (mv)2  or K= i(P)2
~2m ©2m

or &K =2 a@° [.. misconstant] or d—K%=2>< 1% =2%
K P K

Thisformulawill be applied only whenthe given % error is

less than 5% (because differentiation generated formulae

are applicable for small changes only).

Example30:

If the momentum of aparticleincreases by 50% then, what
will bethe % increasein kinetic energy (K)?

Here given % change (50%) is more than 5% therefore do
not use differentiation based formula.

As, Initial momentum=P

Sal.

L. P2 ..KZEWZZLWZ
InltlalKE,K—% . > 2rn( )

P2
~2m

. 50
- =1
Now, FlnaI|n0|nentum—P+l P=15P

15P)?> 225p?

Final kinetic energy =

2m 2m
(K)e - (K), e
- Yeror = T x100= — ;2 X 100
2m
225-1
= 1 x100= 1.25x 100=125%
Example31:

If the % change in the length of asimple pendulumis 1%
andin gis 2% then find the % changein the time period of
the simple pendulum.

Sol. Asthetime period of simple pendulumis

¢ A?
2n\/g or TzZnF or T=2nV2g12

d_To/_E%OHEd_go/

T 207297
=l toes L206= Lopr106= Sop
2 2 2 2

Note: Alwaysadd the error to get maximum error.

=
I12
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(©) Use of differentiation in Maxima and Minima based

problems: Consider a function y = f (x) which is
continuous in a given domain. The graph of the function
isshowninfig. Thegraph, evidently shows, certain points
such asA, B, C and D. The points A and C are such that,
the function values

there, are more than the points in the immediate
neighbourhood.

YA
A
y=f(x)
“« C
[6) \./ -
B

Such points are termed as maxima. Similarly, the points B
and D reveal that, the function values, there are smaller
than that of the points in the immediate neighbourhood.
Such points are termed as minima.

It is interesting to note that, as one passes from lower to
higher valuesof x through amaxima, the slope of the curve
changes from positive to negative and is zero at the point
of maxima. Similarly, as one passes from lower to higher
values of x through a minima, the slope of the curve
changes from negative to positive, and is zero exactly at
the point of minima. Therefore it is evident that, the
condition for apoint to be maximaor minimaisthat

dy/dx = 0 at that point.

A function may or may not have one or more maximaand
minima

Points when dy/dx = 0 are known as stationary points.

For amaxima, the rate of change of slopeisnegativew.r.t.
: d(d .
X i.e.,, —| —|=-ve, since the slope changes from
dx\ dx
positive value to negative value.

3 (o) ey @y
' dx?

.. Formaxima — =-—Ve
dx \ dx o dx?

q2
Similarly, for minima, it can be shown that dTQ’ =+ve

Tofind out maximum and minimum valueof varying physical
quantity : Important stepsto be used in physics:

1

2.

3.
4,
5

First of al find that the given question is based on maxima
or minima.

Then identify that quantity, of which we have to find
maximum or minimum value.

Now find variable quantity.

Now establish arelation between both quantities.

Now differentiate that quantity which isto be maximised
or minimised w.r.t. the variable quantity and equate it to
zero.

Example32:

Sol.

A particlemovesaong astraight line according to the law
s = 2t — 3t2 where sis the displacement of the particle and
t thetime. What will be its maximum positive displacement
Given's = 2t—3t2

ds
Differentiating w.r.t. timet, we get i 2-6t

Now, for the maximumvalueof s,

§=0 2—6t=0:>t=l

dt 3
2

Again d—ZS:—G (-ve) which shows that tzi
dt 3

corresponds to maximum value of s.

2

1 (1 2 1 1

=2 (—j - 3[—] ———==units
=307 737373

1
3

Example33:

Sol.

Divide charge Q in two charges such that when they are
placed r distance apart then amaximum force acts between
them.

X Q-x
[ L
&—————m— [ ——»|

(i) Wehaveto find maximumvauei.e. maxima(ii) Force Fis
tobemaximised. (iii) x isthe variable quantity.

q
(iv) Therelation between Fand xis= As F=K %
Letgy=xand ,=Q-X ~ F=K
x(Q-x) K
= ()

oK
Differentiating F w.r.t. x we get i) (Q-2x)
N tti d—F =0 et

ow putting —— =0 weget,

£2 (Q-2x)=00r Q-2x=0o0r x=Q2
r

Example34:

Sol.

The height 'h' reached by a particle thrown, as afunction
of time t, is given by h = ut — % gt? , where u and g are
constants (u=initial speed, g= acceleration dueto gravity).
Find thetimet when hismaximum?

For hto be maximum, dh/dt=0

Now. I = 94 i(lgtzj_ dt
oW, g T WO 29 U -

= l 2t= t; At h'ht@—o
=U-3g.2t=u-gt; Atmax. height - =

oru—-gt=0 or t=ulg

—
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INTEGRATION

(i)
(ii)

(iii)

Meaning of Integrationisto join’ or ‘combine’. The process
of Integration isjust the reverse of differentiation.

I mportant Points

Meaning of Integration is scalar sum.

Integration gives the

area under the x -y 1
curve.
Area represents that
physical quantity
obtained by the
product of X & y.
A= j y.dx dx
Remember :

Avrea of Velocity — time curve — Displacement

Avrea of Acceleration — time curve — changein Velocity
Avrea of Force — time curve — Impulse (change in linear
momentum)

Avrea of Force — displacement curve — Work

Avrea of Power — time curve — Work

Avrea of Pressure — volume curve — Work

Area of Torque — time curve — change in Angular
momentum

Pointsto beremember ed whileusing Integration in Physics:

@)
(if)

(iii)
(iv)
)

Before doing integration ensure that the given physical
quantity is scalar or vector.

It the given physical quantity is scalar, then integrate
directly and if it is vector quantity then first see the
direction. If direction remains constant, then integrate
directly and if direction varies then first find the
components and then integrate.

When doing integration there should not be more than
two variables, each separated on different sides.

If there are more than two variablesthen first convert them
into two variables.

Be careful whiledeciding limitsand use rel ative limits.

" Alwaysput limitsof that variableonly with respect to
which integration isbeing done.”

%

[ £0x) dx

X

Fundamental Formulaeof I ntegration :

0] _[c dx = cx+k where cisaconstant and k is constant

of integration
N Xn+1
i) | X" dx= +k, exceptwhenn=-1
( )I n+1 P

Thisisthe most used formulaand you must learn it by
heart. You can remember it easily by "Increase the
power by one and divided by the increased power."

n+1
ﬂ+ k

iy J (@ceb)" o= =22

i) [x* dx:jédx: loge X+ k
(V) [e dx=e"+k

(vi) jsinxdx: —cosx+k

(vii) [ cosx dx=sinx-+k

(viii) [ sec® x dx = tanx+k

— cosnx

(ix) sinnxdx = +k

(x) &p0s nxd sin nx
X nx dx =
* n

+k

Integration isof twotypes :

Integration
Indefinite Definite

Indefinite Integration : jf (X) .dx=F(x)+c

"In physics c is found by the condition given in the

question.”
Reason for 'c'
d
—(x)=1
We know that , ™ =1 ... @)
d
—(x+)=1
™ (x+)=1 .. 2
d
— 2)=1
™ x+2)=1 .. ©)
d
—(x+3)=1
™ x+3) =1 ... )
Since integration is the inverse of differentiation,
jldx: X [from(1)] ;
Jldx =X+1 [from(2)] ;
[1dx=x+2  [from(3)];
[1dx=x+3[ from()]

In general, we may write : jldx= X+C;

where c is a constant of integration. In al indefinite
integrals, constant of integration is supposed to be present
evenif itisnot specifically mentioned.

—
124
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Definitelntegration
Definite Integration is given as

x2

j f(x).dx= [F(x)]if =F(x,) - F (x,)

X
Where x, and x, arethelimits. X, — upper limit and x; —
lower limit.

nl2

Example35:
J' cosx dx
0

Evaluate the definite integral

Sol. ~.'jcosx dx=sinx

/2
j cosx dx =[sinx|
0

/2
0

=sin(r/2)-0=1-0=1
Example36:
/4

Evaluate J. sin2x dx
0

Sol.

nld nl4

j§n2xdx={—£zx} :—l[cos(n/Z)—cosO)]:l

: 0 2 2
Example37:

IG“/zlmdx

0 X
. JGh/zlde:[_GMm} :—GMm{i—i}:%

T o X X Ir o R R

Example38:

1
Integrate X* — COSX+ Wt X

Sol. j(xz —cosx+%j dx=jx2dx—jwsx dx+.[§ dx

3
= ?—sinx+logex+c

Example39:

T
Evaluate j—4dx
1 X

© -4+1°
4 X 11 1} 1 1
X dx = =—Z|=-Z|=-Z(0-D==
sa. L‘”ll 3{00 L= 50-D=7

I ntegration by substitution
It is not always possible to find the integral of a
complicated function only by observation, so we need
some methods of integration and integration by
substitution is one of them.

Example40:
Evaluate: J(X + 2)5 dx

Sol. We can put the integral in the form J'u”du
by substituting u=x+2, du/dx=1

u® (x+ 2)6

Then [(x+2° dx = [uPdu=—+C= +C
[(x+2) | 6 -

Example4l:

Evaluate: Isin4tcost dt
Sol. Letu=sint, du=costdt
sn®t
5

5
|:Ju4du:u?+C: +C

USE OF INTEGRATION IN PHYSICS
In physics, there are numerous situations in which we
have to calculate the integral of a given function.
For example,

() Velocity function V of a particle is the integral of its
acceleration function a. Thatis, V(t) :Iédt
(i) Displacement function X of a particle is the integral

function of its velocity function V. Thatis X = IV dt
(iii) Impulsel isdefined astheintegral of force with respect to
time. Thatis | = I F dt
(iv) Work W isdefined asthe integral of force with respect to

displacement. W = I F.ds

Mathematically, definite integral is a number unlike the
indefiniteintegral whichisafunction. In physics, definite
integral is not merely a number but a physical concept or
physical quantity with certain units. For example,

(V) The integral of acceleration function between two time
limits gives the change in velocity between the time

2
interval.  Avy =V,-v, = {adt

(vi) Theintegral of velocity function between two time limits
gives the change in position (i.e. displacement) between

2
thegiventimeinterval Ax,; =X, —X; = jvdt

1
Integration can be used for calculating 'v' from 'a’ &
positionfrom'v.. a—>v—X.
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(vii) Theintegral of forcewithinagiventimeinterval isequal to

the change in momentum of the particle during that time

2
interval.  Apy; =p,—pg = jF dt

1
(viii) Theintegral of force within the specific space is equal to

the change in kinetic energy of the particle.

2
AKy =K,— Ky = dex
1

Example4?2:

Sol.

A particle moves with a constant acceleration a= 2 ms2.
along astraight line. If it startswith an initial velocity of
5 msL., then obtain an expression for its instantaneous
velocity.

Using the relation between velocity and acceleration, we

v=[adt =2 [dt =2t+c

where c is the constant of integration. Its value can be
obtained by using theinitial condition. That is at

t=0;v=5ms?® Thus,5=2(0)+c =c=5ms’
Therefore, v = 2t + 5 is the required expression for
instantaneous velocity.

get

Example43:

Sol.

In the above example if the particle occupies a position

X = 7m at t = 1s, then obtain an expression for the
instantaneous displacement of the particle.

Using the relation between displacement and vel ocity, we

get [vdt = [(2+5)dt  or

where c is the constant of integration. Its value can be
determined by using the given conditions.

Thatis att=1s;x=7m .. 7=(1)2+5(1)+c =c=1m
Thus, x=t2+5t+1

X=t2+5t+cC

Example44:

Sol.

If aforce Fisbeing applied on ablock of massm, whichis
proportional to displacement x, then find thework donein
displacing the block by distance d.

Methodl: Focx or F=kx

Now small work done in displacing the body by a small

distancedxis dw=F.dx
H_FX jdx |<—
[ [
e d »>|

So total work donein displacing the body by a distance d

. d d 21
Is de=_£Kx.dx.'.W:K_£xdx or W=K|:7}

0
d? 2
=K {7_0} or w=K d—
2

Q1
Q2
Q3

Q4

Q5
Q6
Q7

Q.8

Q9
Q.10

Qu

Method Il : Work doneisequal to
the area under the force-displacement

graph.
w = Area under F — x graph OQ“
1 2 FI <
=—xdxKd= & Kd
2 2 >
«—d— -

Method I 11 : Work doneisgiven by the product of average
force and total displacement.

0+Kd) Kd?2
W—Favxd—( 2 d—T
F=0 F F =Kd
I @
« d N

This method of average is used when relationislinear.

TRYITYOURSEL F-2
If y=sinlogx, find dy/dx
Find the slope of the curve y=x2+3x+4 at(-1,2)
A particle startsfrom rest with auniform acceleration. Its
displacement after t seconds is given in metres by the
relation x =5 + 6 t + 7t2. Calculate the magnitude of its
(i) initial velocity (ii) velocity at t = 3 s (iii) uniform
acceleration and (iv) displacement at t = 5s.
The mass of a body is 2.5 kg. It is in motion and its

3 42

velocity v after timetis v = §+E+1

Calculate the force acting on the body at thetimet = 3s.
A particlein uniform acceleration in astraight linehasa
speed v = (180 - 16x)Y2ms™1. What isits acceleration ?
The position of abody isgiven by x = 2t3 - 6t2 + 12t + 6.
Find the value of t when acceleration is zero.

Where isthe minimum of the potential energy occur in
U (x) =100—-50x + 1000x2joule ?

Evaluate: J. (cosx —sinx) (3+4sin2x)dx .

2z dz

Evduate: m

If a particle is moving with velocity u and a resistive
force actson it which is proportional to v2, then find the
velacity of the particle after travelling distance x.

A force F = a + bx acts on a particle in the x-direction
where aand b are constants. Find the work done by this
force during adisplacement from x; to x,.

AN ER
coslog x
W = (245°
(3) (i) 6mis(ii) 48 Vs, (iii) 14 mVs? (iv) 210m.
(4) 0N (5)-8ms? (6) 1 sec.

—
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(7) 0025 ) [Mj (1+4sin2x) + C 4®
W\
©) 3211234 c (10) - 0
2 v=ue M 6
IR
(22X 1534 b (g + %) mg M9 cos

(11)

ADDITIONAL EXAMPLES

Examplel:
A weight mg is suspended from the middle of aropewhose
endsareat the samelevel. Theropeisnolonger horizontal.
Find the minimum tension required to completely
straighten the rope.

T T mg
snf siny sina

Sol. According to Lami'stheorem,

For Straighten, o.=180°, 3 =90°, y =90°

r __.mg  __mg_

sn9° sin180° '~ 0

So theminimum tension required to completely straighten
will beinfinity.

0

Example2:

A man rowsaboat with aspeed of 18 km h™! inthe north-

west direction. The shoreline makes an angle of 15° south

of west. Obtain the components of the velocity of the

boat along the shoreline and perpendicular to the

shoreline.

The north-west direction of the boat makes an angle of

60° with the shoreline.

Component of the velocity of boat along the shoreline
=18c0s60° kmh1=9kmh

Component of the boat velocity along alinenormal to the

V3

shoreline=18sin 60° kmh1 =18 x - kmh1

=15.59kmhL.

Sol.

Example3:

A mass of 2 kg lies on a plane making an angle 30° to the

horizontal. Resolveits weight along and perpendicular to

the plane. Assume g = 10 ms™2,

In fig., the component of weight along the plane
=mgsin®=2x10xsin30=10N.

Sol.

The component of weight perpendicular to plane

=mgcos30°=2x10x v/3/2 =17.3N.

Example4:
Write vector shown Graphically.

Y
________ A
D
x| X
B
C
v
g ~ ~ g ~ ~
Sol. (@ A=3i +4j (b) B=2i -3j
- A oA 2 s a
() C=-5i —4j (d) D=-4i +3j
Example5:

Find the resultant force of the following forces which act
upon a particle.

(a) 30N due East (b) 20N due North
(c) 50 N due West (d) 40 N due South.
Sol. Resultant Force
N
AF, =20]
F, =501 F, =30}
3 1
W—e > E
Ay/
E
Y F =—40]
S

=30i+20j-50i-40] =207 -20]
s 2 2
| F|=+/(=20)% + (-20)° = 202

20
tang=—=1 =45°
¢ > or =45

=
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Example6:

Sol.

A car travels 6 km towards north at an angle 45° to the
east and then travels distance of 4 km towards north at an
angle of 135° to the east. How far isitsfinal position due
east and due north? How far isthe point from the starting
point? What angle doesthe straight linejoining itsinitial
and final position makes with the east? What is the total
distance travelled by the car?

Net movement along X-direction

1
:(6—4)00545°:2x$ = /2 km.

YN 6km

4km

. 6 sin 45°
4s8in 45° \{%\
45° 45°
4 cos45° 6cos45° X

E

S

Net movement along Y -direction

1
=(6+4)sin45° =10x N =5 /2 km

Net movement form starting point =6 +4=10km
Angle which makes with the east direction

Y —component  5v2

tan® = = :
X —component /2 '

f=tan1(5) ; 6=79°

Example7:

Sol.

Given that X + _B) + 8 = 0 But of three vectorstwo are
equal in magnitude and the magnitude of third vector is
/2 timesthat of either of the two having equal magnitude.

Then find the angles between vectors .

From polygon law, three vectors having summation zero
should form a closed polygon, (triangle) since the two
vectors are having same magnitude and the third vector

is \/2 timesthat of either of two having equal magnitude.
i.e. triangle should be right angled triangle. 4

- ->
Angle between A and B is90°

- - .
Angle between B and C is135°

— - .
Anglebetween A and C is135° &

Example8:

Sol.

What is the angle in between two vectors
2 +3j+k and i + 2] -4k.
- n . A N . R
Let a=-2i+3j+kand p=j 4+ 2j-4k
- —> ~ ~ ~ ~ A ~
a-b=(-2i+3j+k) (i +2j-4k)
=-2x1+3%x2+1x(-4)=-2+6-4=0

- -
or a-b=0 hence 6=90°

Example9:

- . R - A A
Given r =i—2j+2k and p =4j-3k

- - o> -
Calculate |L |,Here L =rxp .
L = Angular momentum, p = Linear momentum

7k
- o -
Sol. L=rxp=|1-2 2
0 4 -3
=7(6-8) + ] (0+3) + k(4+0) = -2 + 3+ 4k
Example 10:

Inthearrangement showninfigure, theends P and Q of an
unstretchable string move downwards with speed u.
Pulleysare fixed. Find the speed with which massM moves
upwards.

Sol. Let AB=/¢,BC=aandAC=y
from A ABC, by pythagoras theorem,
=gl +y? or y2 = (2 _ g2
Differentiating both sidesw.r.t. timewe get,
&y _,, & dy_rdr
a 2w O or dt  ydt
1 v
But y  coso also oY
dy 1 dy u
dt coso Y % dt  cose
Example11:
The acceleration of a particleis given by a=t3 - 3t2 + 5,
whereaisinnvs? andtinsec. Att = 1 sec., the displacement
and velocity are 8.30 m and 6.25 m/srespectively. Calculate
the displacement and velocity at t = 2 sec.
dv
Sol. Given: a=t3-3t2+5 j.e, i t3-3t2 + 5

= dv=(t3-3t? + 5)dt
4

Integrating both sides we get v=tz—t?’+5t+cl

At t=1sec,v=6.25

=
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6.25:%—1+5+01:>C1=+2

5 .4 2

s=t——t—+5L+2t+C2
20 4 2

At t=1sec, s=8.30m

1 15
. 830=--24+>42+C, =C,=
' 20 4 2 T2 2G4

The expressions for displacement & velocity are asfollows:

Integrating we get,

2® 22 5 _,
At t=2sec, S=———+—(2)°-2(2+4=76m
20 4 2

4

and v:tZ—t3+5t+2 - att=2sec;v=8m/s

Example12:
A train starting from rest is accelerated and the instanta-

10
neous acceleration is given by Vil m/s where v is its

Sol.

velocity in m/s. Find the distancein which thetrain attains
avelocity of 54 km/hr, and the corresponding time.
10 dv 10

=== (v+1) dv=10dt

a=——
v+1 d v+1

Given :
V2
Integrating 7+v:10t+C [+ Att=0,v=0 - C=(]

2

15
Eq.is V7+v=10t [v=54km/hr= 54><E=15m/s]

152
. T+15=10t =t=12.75scC

Again y_10 (v2+v)dv=10ds
gan, Tas Tvrr VTS

3 2
Integrating, V?+V7 =10s+C’

3 2

Using v=0at s=0; C'=0 .- V?+V7:105

Puttingv=15;s=123.75m

E
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QUESTION BANK

CHAPTER 1 : MATHEMATICS IN PHYSICS

EXERCISE-1[LEVEL-]1]

Choose onecorrect responsefor each question.

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q7

Q.8

PART -1: VECTORAND
ITSAPPLICATIONS

The vector that must be added to the vector
i—3j+2k and 3/+6j-7k so that the resultant
vector is a unit vector along the y-axis is —

(A) 4i + 2j+5K (B) —4i — 2]+ 5k

(© 3i +4j+5k (D) Null vector

How many minimum number of coplanar vectors hav-
ing different magnitudes can be added to give zero
resultant

(A)2 ®)3
©4 (D)5
The unit vector along i+ is

(A) k (B)i+]
© % (D) %

If aunit vector isrepresented by 0.5 +0.8]+ck , then
the value of ‘c’ is

(A)1 (B) Vo.11
(©) Jo.o1 (D) J0.39

The unit vector paralld to the resultant of the vectors
A=4i+3j+6k& B=-i+3j—8Kis—

(A) %(3? +6) - 2Kk) (B) %(3? +6)+2K)
0 L (3 1 6)- 2
© 49 :

The angle between the two vectors

A=3i+4j+5k and B=3i+4j-5k will be

(A)90° (B)O°

(©)60° (D)45°

If the sum of two unit vectors is a unit vector, then
magnitude of differenceis

(A) V2
(C) 1/42

(D) 4i9 (31 -6+ 2K)

(B) V3
(D) 5
The magnitude of vector A,B and C are
respectively 12, 5 and 13 unitsand A+B=C then

the angle between A and B is—
(A)O (B)n

Q9

Q.10

Q.1

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

(©)ni2 (D) /4

Theresultant of two vectorsA and B is perpendicular
to the vector A and its magnitude is equal to half the
magnitude of vector B. The angle between A and B is
(A) 120° (B) 150°

(©)13%° (D) None of these

A body moves due East with velocity

20km/hour and then due North with vel ocity

15 km/hour. The resultant velocity

(A) 5 km/hour (B) 15 knmvhour

(C) 20 kmvhour (D) 25 kmvhour

A person goes 10 km north and 20 km east. What will
be displacement frominitial point

(A) 22.36km (B) 2km
(C)5km (D) 20km

If |A+B|=|A|+|B| ,thenanglebetween A and B is
(A) 90° (B) 120°

©0 (D) 60°

The vector sum of two forcesis perpendicular to their
vector differences. In that case, the forces—

(A) Are equal to each other in magnitude

(B) Arenot equal to each other in magnitude

(C) Cannot be predicted

(D) Are equal to each other

The vectors 51+8j and 2i+7] are added. The
magnitude of the sum of these vector is

(A) V274 (B)38
©)238 (D) 560

A particle moves from position 3i + 2]—6IA< to

14i +13j+9k duetoauniformforceof (4i +j+3k)N.

If the displacement in meters then work done will be
(A)100J (B)200J
(©)300J (D)250J

PART -2: DIFFERENTIATION
& ITSAPPLICATIONS

Equation of displacement for any particleis;

s=3t3+ 7t2+ 14t + 8m. Itsacceleration at timet = 1 sec
is.

(A) 10 nvs? (B) 16 m/s?

(C) 25 m/s? (D) 32 m/s?

The motion of a particle along a straight line is given
by the equation: x = 6 + 4t2 — t4 (where x isin metres
and t isin sec). The acceleration a of the particle at t

equal to 2 sec, is.
(A) - 30 m/s? (B) —40 m/s?
(C)-50 m/s? (D) — 60 m/s?

=
I20
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Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

A particlecoversadistancex intimetinastraight line
according to the equation x = A + Bt + Ct2. The
acceleration of the particle is —

(A)A (B)B

(©C (D)2C

Thedisplacement Sof aparticle varieswithtime(t) as
S=at?-bt3, At what time acceleration becomes zero —
(A) ab (B) al3b

(C)3b/a (D) 2a/3b

A particle starts from the origin at t = 0 and movesin
the xy plane with a constant acceleration o in the y-
direction. Its equation of motionisy = Bx2. Itsvelocity
inthex-direction

a 200
(A) 3 B) B

o 200

© Gy

A car movesaong astraight linewhosemotionisgiven
by: s= 12t + 3t2— 2t3, where (s) isinmetresand (t) isin
seconds. The velocity of the car at start will be.
(A)7m/s (B)9m/s

(©)12m/s (D) 16 m/s

The percentage errorsin the measurement of massand
speed are 2% and 3% respectively. Theerror inkinetic
energy obtained by measuring mass and speed, will
be.

(A) 12% (B) 10%

(C) 8% (D) 2%

Thevelocity of aparticle moving along x-axisisgiven
asv = x2—5x + 4 (in m/s) where x denotes the x-
coordinate of the particlein metres. Find the magnitude
of acceleration of the particle when the velocity of

particleiszero
(A) Om/s? (B) 2m/s?
(C) 3m/s? (D) none of these

A particle of mass m movesaong acurve
y = x2. When particle has x -coordinate as 1/2 and x-
component of velocity as 4m/s then —
(A) the position coordinate of particle are (1/2, 1/4)
(B) thevelocity of particlewill beaongtheline

4x —4y-1=0
(C) the magnitude of velocity at that instant is

42 mis
(D) All of these
The displacement of aparticleisgiven by :
y=a+ bt+ct?—dt4. Theinitial velocity and acceleration
are respectively.
(A) b, -4d (B)-b, 2c
(C)b,2c (D) 2c,-4d
If an error of 2% occurs in measuring the radius of a
sphere then find the percentage (%) error in surface
area of the sphere.
(A)1
©3

(B)2
(D)4

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

If anerror of 1% occursin the momentum of aparticle
thenfind the % error inthe kinetic energy of the particle.
(A)1 B)2

©3 (D)4

Divide charge Q in two charges such that when they
are placed r distance apart then a maximum force acts
between them. If one chargeis X then find X.

(A)QI2 (B)Q/3
©) Q4 (D)Q/5
PART - 3: INTEGRATIONAND
ITSAPPLICATION
TGM
Evaluate ,f 2m dx
0 X
GMm GMm
(A) —r— (B) =~
C GMm 5 GMm
© 73R © R

A particle moveswith aconstant accel erati ona=2m/s.
along astraight line. If it startswith aniinitial velocity
of 5 ms™1., then obtain an expression for its
instantaneous velocity.

(A)v=2t2+5 (B)v=2t3+5
(C)v=2t+5 (D) v=2t2+5t

Inthe above question if the particle occupiesaposition
X = 7m at t = 1s, then obtain an expression for the
instantaneous displacement of the particle.
(A)x=t3+5t+1 (B)x=t2+5t+1
(C)x=5t2+5t+1 (D)x =2t2+5t-7

If aforce Fisbeing applied on ablock of massm, which
is proportional to displacement x, then find the work
donein displacing the block by distance d.

(A) Kd? (B)Kd

(C)Kd%3 (D) Kd?/2

Figure given below shows the variation of “rate of
change in acceleration” with time, for a particle moving
along a straight line. (Assume the body starts from
rest) Find the acceleration at instant t = 2 sec.

da
dt
1
(m/s)
t 3 é >
t (sec)
(A) 2 m/s? (B) 1m/s?
(C)3m/s? (D) 4 /s

——
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PART -4: MISCELLANE Q.42 When AB=-|A|B|, then
Q34 If A=3i+j+2k and B=2i-2j+4k ;|AxB|= (A) A and B are perpendicular to each other
(A) 82 (B) 8/3 (B) A and B actinthe samedirection
©) 85 A(D) :r"/é o (C) A and B act in the opposite direction
Q.35 Consider two vectors F = 2i +5k and Fo = 3j+4k.

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

The magnitude of the scalar product of these vectorsis
(A)20 B)23

(©) 5V33 (D) 26
A particlemoveswith avelocity 6i — 4] +3km/s under

the influence of a const. force F= 20i +15j - 5k N.

The instantaneous power applied to the particle is —
(A)35Js (B)45J/s

(©)25Js (D)195J's

A particle movesin the x-y plane under the action of a

force E such that the value of its linear momentum
(P) atanytimetis P, = 2cost,py =2sint. Theangle

0 between F and p at agiventimetwill be
(A)6=0° (B)6=30°

(C)6=90° (D)6 =180°

The resultant of the two vectors having magnitude 2
and 3is 1. What istheir cross product

(A)6 (B)3

O1 (D)0

The linear velocity of a rotating body is given by
V=wmxr, where o istheangular velocity and ¥ is
the radius vector. The angular velocity of abody is
®=i-2j+2k & theradiusvector r=4j-3k, |v| =
(A) V29 units (B) /31 units

(C) /37 units (D) V41 units

The position of a particle is given by r = (i + 2j— k)

momentum P = (3 + 4j— 2k). Theangular momentum

is perpendicular to

(A) x-axis

(B) y-axis

(C) z-axis

(D) Line at equal anglesto all the three axes

A force vector applied on a mass is represented as

F=6i-8j+10k and accelerates with 1 nVs2. What
will be the mass of the body in kg.

(A) 10V2 (B)20
(©) 2410 (D) 10

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

(D) A and B can act in any direction
If avector A isparallel to another vector B then the
resultant of the vector A x B will be equal to

(A)A (B) A
(C) Zero vector (D) Zero
A body isin equilibrium under
the action of three coplanar
forcesP,

Q and R as shownin thefigure.
Select the correct statement

P Q R P Q R
) '§na “snp_sny ® Ccosa  cosp  cosy

Q R P Q R

© e g tany ®Snp sny sna

The vectors from origin to the points A and B are
A=3-6j+2k and B=2i+]-2k respectively.
The area of thetriangle OAB be

5 2
(A) E\/ﬁ sg.unit (B) g\/ﬁ sg.unit

3 5
(©) g\/ﬁ sg.unit (D) §J1_7 sg.unit

The sum of two forces acting at a point is 16 N. If the
resultant force is 8 N and its direction is perpendicular
to minimum force, then the forces are —
(1)6Nand10N (228Nand8N
(3Y4Nand12N (4 2Nand14N

If |AxB|=+/3A.Bthenthevalueof |A+B| is—
12
2 n2 AB
1 (A +B +—] DA+B
@) NG )

(3) (A2+Bz+\/§AB)ﬂ2 (4) (A2+BZ +AB)ZIJ2
Therelation 3t = /3x + 6 describesthe di splacement of
aparticlein one direction where x isin metersand t in
sec. The displacement, when velocity is zero, is —

(A) 24m (B)12m

(©5m (D) Zero
Thedisplacement 'x' of aparticle moving along astraight
lineattimetisgivenby x =g, + ajt + a2t2. What isthe
acceleration of the particle —
(A) &y

(©) 2a,

B)a
(D)3,

[+




@ MATHEMATICSIN PHYSICS)

QUESTION BANK

SOAL

ODM ADVANCED LEARNING

Q.50 Thedisplacement x of aparticlemovinginonedimension Q.54 Theposition x of aparticle varieswithtimet as
— a2 _pt3 i i ;
isrelated to time by the equation t = Jx +3 wherex is );I_tiiet bt L;;Il'f:saccel eration of the particlewill be zero
in meters and t in seconds. The displacement when (A) ab ™ ' (B) 2430
velocity is zero is — (C) al3b (D) Zero
(A)Om (B)1m Q.55 Thedisplacement of aparticlestarting fromrest (at t=0)
C)9m D)4m
51 _(l_g i edb ( ')I h . il isgiven by s=6t2—t3. Thetimein, seconds at which the
Q e distances covered by aparticie thrown in avertic particle will attain zero velocity again, is —
plane, in horizontal and vertical directionsat any instant (A)2 (B)4
of timetare x = v/21 tand y = 2t — 4t? respectively. The ©6 (D)8
initial velocity of the particle will be — Q.56 A particlemovesin spaceaong the path z=ax3+ by2in
(A)2m/s (B)3m/s dx dy
(©4mis (D)5m/s such a way that d—=C=E.Wherea,bandcare
Q.52 The coordinates of a moving particle at any time are X . .
given by x = at2andy = bt2 . The speed of the particle at constants. The acceleration of the particle is —
any moment is. (A) (6ac®x+ 2bc?) k (B) (2ax? +6by?) k
(A) 2t(a+b) (B) 2ty (a® -b?) (C) (4bc®x+3ac®) k (D) (bc?x+ 2by) k
2 2 R Q.57 A particle moves along a straight line such that its
€ tVa“-b (D) 2ty(a +b%) displacement at any time't is given by
Q.53 Thex and y coordinates of a particle at any timet are S=13- 6t2 + 3t + 4 metres. The velocity when the
givenby x = 7t + 4t2 andy = 5t, wherex and y arein metre accelerationiszerois.
andtin seconds. The acceleration of particleat t = 5sis. (A)3ms? (B)-12ms1
(A) Zero (B) 8m/s? (C)42ms (D)-9ms?
(©)20m/s? (D) 40 m/s?
EXERCISE-2[LEVEL-2]
Q.1 IfA=B+Candmagnitudesof A,BandCare5,4,and3 x-direction ?
units respectively, the angle between A and Cis :- A) 186 B) 3213}
(A) sinL (3/4) (B) cosL (4/5) (A) 181 -6) ®)s2i-13
(C) cos (3/5) (D) /2 (C) —18i +6j (D) —25i +13]
Q.2 Forthefigure: Q.6 Thevalue of aunit vector in the direction of vector
3 A i B) ]
B A+B=C B)B+C=A © (+) /13 (D)(51 -12] )13
(O C+A=8B (D) A+B+C=0 Q.7 Two vectorsA and B liein X-Y plane. The vector B is
Q.3  Theresultant of two vectorsA and B isperpendicular to perpendicular to vector A. If A f+] , then B may be :-
the vector A and its magnitude is equal to half the o o
magnitude of vector B. The angle between A and B is :- (A)i—] (B) —i+]
© 21 +2] (D) Any of the above
N Q.8 ThetwovectorsA= 2 +j+ 3k andB= 7i—5j-3k are
h N (A) parallel (B) perpendicular
(A) 120° (B) 150° (© antl-parzillel (D) none of these
€13 (D) None of these Q9 04i +08] +ck representsaunitvector, whencis:-
Q.4 If A and B denote the sides of a parallelogram and its (A)02 (8) Vo2
areaisAB/2, the angle between A and B is:- (©) 08 (D)0
(A) /2 (B) = Q.10 Theresultantof A and B makesanangle a. with
g
(C) n/6 (D) /3
Q.5 What displacement must be added to the displacement A and ® with B , then :-

251 — 6] mto give adisplacement of 7.0 mpointing inthe

(A) a<pB
Ca<pifA>B

(B)a<pifA<B
(D)a<BifA=B

—
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Q.11 | started walking down a road to day-break facing the Q.21 Write aforce of 10 N in x—y plane in terms of unit vectors

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

sun. After walking for some-time, | turned to my left,
then | turned to the right once again. In which direction
was | going then ?

(A) East (B) North-west

(C) North-east (D) South

If |A+B|=|A|=|B|,theanglebetween A and B is:-
(A) 60° B

(©) 120 (D) 9°

4=31+5], b=2i+7] and ¢ =i +9j arethreevectors
which of the following combinations is in the same
directionas a+b-¢ :
(A) 2a+b
(C)a-2b

(B) 2a-b
(D) None of these
If vectorsA = IA +2] +4IA< andB =5 IA represent the

two sides of atriangle, then thethird side of thetriangle
has length equal to :-

(A) V56
©5

If 2 beaunit vector, then :-

(B) V21
(D)6

(A) direction of a isconstant

(B) magnitude of a is constant

(C) both (A) and (B)

(D) any one of direction or magnitude is constant.

If two numerical equal forces P and P acting at a point
produce aresultant force of magnitude Pitself, then the
angle between the two original forcesis :-

(A) 0° (B) 60°

(©) 9° (D) 120°

Giventhat A+B=R and A+2B is perpendicular to
A . Then -

(A) 2B=R (B) B=2R

(C)B=R (D) B2=2R?

The value of A for two perpendicular vectors
A=2 +A] +k and B=4i —2j -2k is:-

(A) 4 (B) 3

©1 (D) 6

The resultant of two vectors of magnitude 3 units and 4
unitsis 1 unit. What is the value of their dot product.?
(A) =12 units (B) =7 units

(C) =1 unit (D) zero

If i and I are unit vectors along x-axis and y-axis re-
spectively, the magnitude of vector i +] will be:-
A1 (8) V2

© 3 (D)2

Q.22

Q.23

Q.24

Q.25

Q.26

i and ] if it makesan angle 30° with x—axisas shown

infigure:-
(A) 53i +5] (B) 5i +5v3]
(©) 5 -5V3] (D) 5V31-5]

Moment about point whose coordinate is (1, 2, 3) of a
force represented by i +j +k acting at the point
(-2,31)is:-

(A) 6 +2] -8k (B) i

(C©) -3 —j +4k (D) 3 +]j -4k

A truck travelling due north with 20 m/s turns towards
west and travels at the same speed. Then the change in
velocity is:-

(A) 40 m/s north-west

(B) 20/2 m/snorth-west

(C) 40 m/s south-west

(D) 20./2 m/s south-west

A vector perpendicular to (i +j-k) and (i —j—K) is:-
(A) i+j+k (B) i+k

©) —i+]j+k (D) j+k-2i

Which of the following is not true ? If A= 3iA+4]

and B=6i + 8] where A and B are the magnitudes of

Aandé ?

Lo A 1
(A) AxB =0 (B)E:E
(C) AB=48 (D)A=5

Two constant forces Til and lq:2 acts on a body of mass
8 kg. These forces displaces the body from point
P(1,-2,3)to Q(2, 3, 7) in 2s starting from rest. Force T:l
is of magnitude 9 N and is acting along vector
(2i - 2] + k) - Work done by the force lq:2 is:-

(A) 80J (B) -80J
(C) -180J (D) 180J

[4
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Q.27 Figure shows three vectors a, b and c. If RQ = 2PR, (A) 0.16 m/s? (B) 0.32m/s?
which of the following relationsis correct ? (C) 0.48 m/s? (D) 0.62m/s?
Q.32 The v-t graph for the motion of a car as it moves along
Q a straight road is shown. Determine the maximum
acceleration during the 30-stimeinterval. The car starts
a R fromrestat s=0.
v(m/s)
0 : P
(A)2a+c=3b (B)a+3c=2b
(C)3a+c=2b (D)a+2c=3b 60 =0
Q.28 Component of —10j in the direction of 3j —4j is:- 20—
(A)8 (B8)2 o
©) 4 (D)1
Q.29 If 3i-2j+8k and 2i+xj+k areat right angles then 10 o
=
(A)7 (B)-7 (A) 4 /s (B) 5m/s?
©5 (D)-4 (C) 6m/s? (D) 8m/s?
A A A A A ~ ~ . ~ Q33 Anairplane lands on the straight runway, originally
Q30 If a=4i+j-k, b=3i-2j+2k and ¢=-i-2j+k, traveling at 110 m/swhen s = 0. If it is subjected to the
o decelerations shown, determine the time t' needed to
thenthevalueof |a—b-¢| is:-
stop the plane.
(A) V52 (B) 45
(©) 54 (D) +/50 .
Q.31 The v-s graph for a go-cart traveling on a straight road a(ms)

is shown. Determine the acceleration of the go-cart at s
=50m.

v (m/s)

5 15 20

B — ]

-8

(A)13.3s (B) 23.3s
(C)333s (D)433s
100 200 (m)
EXERCISE -3

PREVIOUS YEARSAIPM T/NEET QUESTIONS

Q1

Q.2

A and B are two vectors and 0 is the angle between

them, if |A x B|=+/3 (A. B), thevalueof @ is -
[AIPMT 2007]

(A) 45°

©w

Six vectors, @ through f

(B)30°

(D) 60°
g

have the magnitudesand 2~ T

directions indicated in the g
fiqurewhichof thefollowing 18 & ™\

statements is true? [AIPMT (PRE) 2010]
(A) b+e=f (B)d+c=f
(© d+e=f (D) b+e=f

Q4

If vectors A = coset i +Sinwt ] and

ot . ots . .
B= cos?l +Si n; J are are fcunctions of time, then

the value of t at which they are orthogonal to each other

is: [RE-AIPMT 2015]
(A)t=0 (B) t= /4w
O t=n20 D) t=nlo

Two particles A and B, move with constant velocities

V; and V,. At the initial moment their position

vectorsare f; and 1. respectively. The condition for
particleA and B for their collisionis [RE-AIPM T 2015]

—
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L-5 Vy—Vy (B) Velocity and acceleration both are parallel to T.

(A) 1 -To=V1-V (B) Ih-T| [Vo—vq|

© 1V1=TV; (D) AV =HKHxV,

(©O) Velocity isperpendicularto T and accelerationis
directed towards the origin

Q.5 A particle moves so that its position vector is given by (D) Velocity isperpendicular to T and accelerationis
F=cosot X+sinmt §, where o is aconstant. Which directed away fromthe origin _
of the following istrue? [NEET 2016 PHASE 1] Q6 :]:thﬁi [Eggn;ugﬁgr;g g; ttvr\]'g t\(NegtSreS(:tlerqltjr?je t;)ntrllg
(A) \fel ocity and acceleration both are perpendicular to be?gveen these vectors is [NEET 2016 PH ASEgl]
r. (A)0° (B) 0°
(C) 45° (D) 180°
ANSWER KEY
EXERCISE - 1
Q1123|456 7]|8]|9]|10|11(12|13|14|15|16]17]|18]19]|20]21]|22]|23]|24]25
A|lB|B|C|IB|A|A C|IB|ID|IA|C|A|A|J]A|D|B|D|B|JC|C|]C|]A]|D]C
Q|126]127]28[129]|30131]32|33|34|35]|36(37]38|39]|40|41|42143|44|45]|46|47|48]|49]50
A|D|IB|A|A|C|IB|D|A|B|D|B|C|D|A]JA|JA|C|C|A]|JA|JA|DI|IDIJAIA
Q|51]152]|53|54|55]|56]|57
A|D|D|B|C|BJ]A]|D
EXERCISE - 2
Ql1]12]|3[4]|]5|16]|7]|18]9]110]11(112]13|14]15|116]17118]19|20]|21|22]|23|24]25
AljC|C]|B|fC]|C|D BIB|C|A|]C|B|A]J]C|D|C|B|A|B|JA|D|D|B|C
Q|26]127]28]129]|30|31|32]33
A|D|D|J]A|A|B|B]D]|C
EXERCISE-3
Ql1 2 31415 6
A c|D|B]|]C]|B
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)

3

(4)

©)

(6)

(7

(®)

SOLUTIONS
MATHEMATICSIN PHYSICS

TRY IT YOURSEL F-1

(CD). Vectorsareequal if they have the same magnitude and
point in the same direction. It doesn’t matter where they are
drawn.

(C). If you divide a vector by its length then the resulting
vector has length one hence is a unit vector pointing in the
same direction as the original vector.

When the polar coordinates (r, 8) of apoint Pareknown, the
cartesian coordinates can be found:

(o]

X=rcos6; y=rsno

x=(5.50m) cos240°=-2.75m

y=(5.50m)sin240°=-4.76 m
Using the graph given in problem-Figure

In unit vector notation: A =225 +05]
C=-072i -]

Inpolar notation: B =1.3 £ 125°.
D =2.62£-20°

Note: All angles must be measured either clockwise or
counterclockwise fromthe +x-axis.

() A+B=8-2j; A-B=-2+10j
2A +3B = 6i +8)+15i —18] = 21i —10j
C=-A-B=-8+2]

(i) A=v32+42=5

(B). We can calculate the scalar product between two
vectors in a Cartesian coordinates system as follows:

A-B =A,B,+A B +AB, =(2)(-6)+(3)(4)=0

When the scalar product of two vectors is zero then are
perpendicular.

(A+B)-(A+B)=A-A-B-B+A-B-B-A = A2-B?
Since, A.B=B.A

So, in order for the dot product to be 0, A2 must equal B2
andA =B.

@ AxB=(=3i+4j) (2 +3))

©)

(10)

1)

(12)

(13)

(14)

(15)

AxB= (=61 xi)— (9 x )+ (8] x 1)+ (12] x ])
=0-9k+8(-K)+0=-17k
(b) Since|AxB|=|ABsin0|

A B ( )
o—sntAXBI_ ‘1L 17 J=70.6°
AB VB 424224 2
The vector describing the displacement is
o =To—T ; o =(4m)X+(-3m)y.
Thelength of this vector isthe magnitude of the vector, or 5
m. From this, our unit vector is

[; :?l_Zzﬂ;(_§9
2%, 57 5

JI0A = /(28)2 + (2A)? + 2x 2Ax \2Acos0

Square both sides  cos =1/+/2 = 0 = 45°

J13Q = /P2 + Q% + 2PQcos60°

(P)

'- @:Jta
(P)?

“ 9/

Neglecting —4 we have, (P/Q) =3

2
+1+2+ (g}%

(Py ..~ P_
+L6J_12_O'Q_ 4or3

tano0° = — 299 b 6cos0=0
P+ Qcos6
coso = —P 0=cos*t (i}
Q Q
Let theforcebeF. Then, F cos45° =25

o F(/+2)=250r F=25/2N
The magnitude of the other component is,
FSind5° = 252 x—— — 25 N
J2
L et other comp. to be Q.

60 = /30% + Q% = 60% —30% = Q?
= Q=+/60%-30% = /2700 =10y/27 = 303 kmh™*

Given: d+b+¢=0 =C=4a+b
Also, |d|=|b|=|c|=1
Let angle between d and p =0

1= 12 +12 + 2x 1x1x coSO
wcosO=-1/2=>0=120°=2n/3

—
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Letlogx=t .. (@)
.y =sint
dy
.. — = cost
i —— )
©)
Eqg. (1) gi a_1 3
g. (1) gives o x| 3
& ﬂ dv_ COStX1=COS|OgX><1 = coslogx
dx dt dx X X X

@

©)

4

Givencurveisy =x2+3x + 4

Differentiating both sideswrt x, we get

dy d o _d d dy
Y )3 (0 (4) > Y =2x+3
dx dx(x )+ dx(x)+dx( ) = ax (6)

L P e
[. (=18 OIX(4)_0}

{ﬂ} —2(-D+3=1
X Jat (-1.2)

i.e. slope of the curve at (-1, 2) is 1.

tang=1 i.e ¢ =45° @)
The velocity v at any instant is given by
dx d
Ve T (5+6t+7t2) =0+6x1+7x2t =6+14t

(i) Forinitial velocity, t=0
.. Initial velocity =6+ 14 x 0=6n/s
(i) Whent=3, velocity,v=6+14x3=6+42=48m/s

(iii) Acceleration, aat any timetis

G
dv

_wv_d 6+ 14t) =0+ 14x 1=14m/s?
S T CYME )

(iv) Att = 5s, displacement,
X=5+6x5+7x52=5+30+175=210m.

Acceleration,az% :ELE +E+1) =%
(ﬁ d(2\ d
3 ralz)rq®

1 1
==x33t + =221+ 0=12+
a 3><3t 22t O=te+t

Whent=3s,a=32+3=12m/s?

As, Force=mass x acceleration=2.5x 12=30N
12 o 9% 12

Here v =(180-16x) “< or pry =(180-16x)

Differentiatew.r.t. 't'

Y _a=1 (180-16012 (-16) &
dt _a_z( - X) '(_ )dt

1
= (180- 16x)"2 (- 16) (180 - 16x)12
=-8(180-16x)"1/2 (180 - 16x)V2=-8 ms2.

Herex=2t3—6t2+ 12t +6

. . dx
Differentiatew.rtot. v= i 6t2—12t+ 12

dv
Againdifferentiatew.r.tt. a= i 12t-12

Now a=0 12t—-12 ort=1sec.

- du
Atminimum, — =0

dx
N W _d 100 i50 +i 1000x2) =
ow o ~ ax 2000 g, (50X + o (1000x%) =
0-50+2000x

du 1
Atminimum — =0 or 0=-50+2000x or x=-——==0.025
dx 40
Theminimumoccursat x = 0.025
= I(cosx —sinx) (3+4sin2x)dx

Here integration of cos x —sin x = sin x + cos x and 3 + 4 sin
2x=3+4((sSinx + cosx)2-1)

Putsinx + cosx =t = (cos X —sin x )dx = dt

So 1= [(3+4(t2 -1k =%[4t2 _g+c

. [M;OSX) [4(sinx + cosx)2 3]

= (—sn X+ COSX] (A+4sn2x)+C

[+
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(9) Substituteu=2z2+1,du=2zdz

2zdz
=[5 ==l
2/3
£ +C:§u2/3+C:§(22+1)2/3+C
2/3 2 2

(10) Asgiveninthequestion, Foc V2 or F=—KV2

dv
or ma=-KvZ or m.. & =—Kv2

Vl K p \ K
or IV'de_ E.[dx or [loge V], Z_E[X]g
0

u

K \%
or logy—logu=-— (x-0) or log,—
m u
Vv —Q KX
oo —=e M or
u v=ue M

(11) Let the particle at any instant be at a position x. Let, under

=X
m

theaction of force F = a+ bx, it describeasmall displacement
dx. (fig.)

Work done during the displacement dx will be
dwW =Fdx = (a+bx) dx

O.A
Tn

Total work done can be obtained by “summing up” the work
donein individual element displacements (i.e., by integrat-

ing)

W=jdwzxj2(a+bx) x|

X1

-+ Xvariesfromx, tox,]

2%
_ b
:W{f’“ 2} = alxp —x)+2 (x5 - x7)
X

1

= M[2a+ b (X1 +X5)]

E
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CHAPTER-1:
MATHEMATICSINPHYSI
EXERCISE-1

8

(@) (B). Unit vector alongy axis = ] ©)
So the required vector

=J—[(i - 3j+ 2K) + (31 + 6] — 7K)]

= —4i-2j+5k

Fs F2

@  (B)R=R+R

=

F1

There should be minimum three coplaner vectors
having different magnitude which should be

added to give zero resultant. (10)
~ R i+] 1- -

3 C). R=—=

(€) © Rl Jgo 7 \/—J -

4 (B). Magnitude of unit vector = 1

P J05?%+(0872%+c® =1

By solvingwe get ¢c=+/0.11

(5) (A). Resultant of vectors A and B
e aa aaaa (12)
R=A+B=4i+3j+6k—i+3j—-8k
R=3+6]-2k
f_ R __ 3+6-2k _3i+6]-2
IRI 32+ 6%+ (-2)? 7
(13)
AB _ (3i+4j+5K)(3i +4j—5k)
6 A). = =
O A oot =g T Jor16+ 2540+ 16+ 25
:w=0:> cosf6=0, . 6=90°
50
(7 (B). Let ny and h, are thetwo unit vectors, then
thesumis ns=#f, +f, (1)
or n§ = n12 + n% +2mn, cos® =1+1+2cosH
Since it is given that ng is also a unit vector,
therefore 1=1+1+ 2cos6
. (15)
—  cosO= 5 0 =120°
Now the difference vector is fy = Ay — Ny
or  n3=nf+n3-2nn,cos0 =1+1-2cos(120°) (16)

n3=2-2(-1/2)=2+1=3
= Ny :\/é

(C).C=+VA2+B2

The angle between >
A and B isn/2 c

Wl

(B)f JAZ+B? +2AB cos0 .. (i)

. A
tan90° = ﬂ = A+Bcos6=0
A +Bcoso
A .
cosO = I Hence, from (i)
2
B _A2.B2-2a2-a-38
4 2
= cosez—g = [ - 0 =150°
(D). Resultant velocity _ /202 4152
= 4400+ 225 = /625 = 25 km/hr
20km
(A). AC=AB+BC B c
2 2 10km
AC =+/(AB)? + (BC)
=(10) + (20)? A

=+/100+400 = /500 =22.36km

(C). Resultant of two vectors A and B can begiven by

R=A+B

IR |=|A+B |= VA2 +B2 + 2ABcos0

Ifo=0°then |R|=A+B =|A|+|B]
(A). If two vectors are perpendicular then their dot
product must be equal to zero.

According to problem (A +B).(A-B)=0
= AA-AB+BA-BB=0
= A2-B?=0 =A2=B?
A =B i.e. two vectors are equal to each other in

magnitude.
(A). Sum of the vectors

R=5+8j+2i +7]=7i +15]

Magnitude of R =|R|=~/49+225 =./274
A). s=r,-n

W =F.S =(4i+]+3K).(L1 +11j +15k)

=(4x11+1x11+3x15)=100J.

d

D). v= dts —ot? +14t +14

dv
a=E=18t+14 catt=1,a=32m/s?

=
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(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

®).

D).

(B).V=

©).

©).

©).

(A).

D).

©).

v=® g 43 a=
dt
t=2,a=—-40m/s2
dx dv

V=— ; a=—
Use v="4 dt

ds = 2at - 3bt?
ot

Acceleration = %\t/ =2a-6bt
Acceleration=0= 2a=6bt = t=a/3b

dy
Y Tt

—8-12t2

\Y = BZX = 2BXvy

v:g—f_12+6t 6t2 att=0,v=12m's
KE=L1my2 KE_dm & . ox3-8%

2 KE m Y
:d_V:Vd—X; dv =2Xx-5

dt dt dx
ax=1,v=0a=0

dy dx 1

=—=2X— X==—,vVy, =4
Yot o ATy

v:,/v§+v§ =4/2m/s

dy 3 dy
— = Db+ 2ct—4dt” : =02=b
+ ;at=0 o

Acc.=2c-12dt?; att=0,acc.=2c

(D). Surface area of sphere, s= A2

or

or

ds d
— =2%2% or j%=
S s

[4m is constant]

>ofs

4%

. 1
(B). Askinetic Energy K = 2 mv?2

or

or

or

(A). )o( ®
—

1

m 1 1
- = 2 x — - 2 -~ (P2
K 2mv><morK 2m(rnv) or K 2m(P)

dP
—=2—-

K P mis constant]

2x1% =2%

K =
K 0~

Thisformulawill be applied only when the given
% error is less than 5% (because differentiation
generated formulae are applicable for small
changes only).

Q-x

f——s»l

(29)

(30)

31

(32)

0)

(i)
(i)
(iv)

=

(A).

©).

We haveto find maximum valuei.e. maxima
ForceFisto be maximised.

X isthevariable quantity.

Therelation between Fand x is

As Fog 192 CI1Q2

Letg; =x and g,=Q-x .. F=K

X (Q X) _
= (@x-d)
Differenti ail ng Fw.r.t. x we get

dF K
&=r_z(Q—2X)

. dF
Now putting X 0 weget,

K
12 (Q=29=00r Q-2x=0 orx=Q/2

T GMm GMmT1”
[T o=~

o X X IR
~ GMm
R

Using the relation between velocity and
acceleration, we get

v=Iadt =2 [dt=2t+c

where c is the constant of integration.

Its value can be obtained by using the initial
condition. That isat t=0;v=5ms?
Thus,5=2(0)+c =>c=5ms

Therefore, v =2t + 5istherequired expression for
instantaneous velocity.

(B). Using the relation between displacement and

(D).

velocity, weget [vdt=[(2t+5) dt

or x=t2+5t+c

where c is the constant of integration. Its value
can be determined by using the given conditions.
Thatis, att=1s;x=7m

7=(1)2+5(1)+c = c=1m

Thus, x=t2+5t+1

Method | :Fecx or F=kx

Now small work donein displacing the body by a
small distancedx is

dw=F.dx
H_I:X ::ldx |<—
[} [
« d >|

So total work done in displacing the body by a
distance d is

=
I31




SOAL

ODM ADVANCED LEARNING

Q.B.-SOLUTIONS

STUDY MATERIAL: PHYSCS

d d
jdw:JKx.dx W—K.fxdx
0 0
S
or w=K ) =K|
0
2
or w=Kd—
2

Method Il : Work doneisequal to theareaunder
the force-displacement graph.
w =Area under F —x graph

1 2
:—XdXKd:&
2 2
N
S
X
<“—d—

Method I 11 : Work doneisgiven by the product of
average force and total displacement.

~ _(0+ de _ Kd?
w= Fav xd = [ 2 d= T
F=0 F F=Kd
[m}> [m]
e d >|
This method of average is used when relation is
linear.
(33) (A). Betweent =0andt = 2 sec, it is evident that
da =1l=da=dt
dt
Integrating both sides, we have
a t
J'da:J'dt — a=t[- Initial accelerationisQ]
0 0
Att =2 sec, acceleration =2 m/<?
Alternative: Changeinacceleration=Areabelow
the graph, a—-0=2x1=2m/s?
i ]k
(34) (B).AxB=|3 1 2
2 2 4
=(Ax4-2x —2)iA+ (2x2-4x 3)]+ (3x—-2-1x 2)|A(
=8 -8j-8k
.. Magnitude of
AxB=|AxBl=y©®72+(-872+(-82 =83
(35 (D). R.F = (2j+5K)(3)+4k) =6+20=20 +6=26

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(B).P=FV=20x6+15x (—4)+(-5)x 3
=120-60-15=120-75=45J/s
(©). B, =2cost , R, =2sint - p=2costi+2snt ]
@

F= n =-2sinti+2cost]: EP=0 .. 0=90°

(D). 22 132 4 2% 2% 3x cos0 =1

By solvingweget0=180° .. AxB=0
i ]k
(A). V=6xT =1 -2 2|=i(6-8)—]j(-3)+4k
0 4 -
—27+3]+4R

1VI=y(-22+(39%+4? =29 unit

i ok
(A).L=Txp=[1 2 -1|=-j-2k
3 4 -2

i.e. theangular momentumis perpendicular to x-axis.

Force |F|
A). Mass= ———— =~——
) Acceleration a
_ \/36+Ei4+100 _10v2 kg

(C). AB=ABcosH

Intheproblem AB=-AB i.ecosf=-1 .. §=180°
i.e. A and B actsin the opposite direction.

(C). AxB=ABsinon

for parallel vectors 6 =0° or 180°,sn6=0

. AxB=0

_ ) P Q R
(A). According to Lami’s theorem, sno_ snp _ siny
(A). OA=a=3—6]+2k and OB=b=2i +]- 2k
ik
-6 2
1 -2

(ax b)=

N W T

= (12-2)i + (4+6)]+ (3+12)k
=10i +10j+15k = |ax b|=10? +10% +152
=./425 =517

=
I32
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(46) F32+ F,=16; F212+(8)2 2 (2)  (C). Fromtrianglelaw of vector addition.
- 2 - .
ﬂ-(416 F9? .. F,=6N,F,=10N CLA-B
(47) (D). |A xB|=+3A.B= ABsin0=+/3 ABcos6
= tan0=+/3=0=60° x.‘k‘"’\R=B/2
Therefore, | A+ B |= A2 + B2 + 2ABcos0 ©®  ®. .
a
A P
= JAZ 1 B2 + 2ABcos60° = VA2 1+ B2+ AB
AOQR: cos —B/Z L 60°
.cosa.= =-=a=
@9 ©) x=9" . d X _2@t-6)=0 B 2
3 Hence, Angle= 90+ 60 = 150°
t=2,x=0 - .
4 (C).|AxB|=|ABsn®|
49 @)usev-a-d
: “a T a AB
dt dt > —=ABSN® = snf=1/2=0=60°
2 dx - )
(50) (A).x=(t-3) ;E=2(t—3) at=3,v=0,x=0 (5)  (C).Let X therequred displacement
dx d Wehave257 6] +x =77
(1) (O) Vx=g =V21; vy =2 =2-8 T XEA
= X =-18] +6]
_ o 22 . L
at=0,v,=2; V= Vi +Vy =5 ~ A 5-17]
(6) (D) A - IAI - 13
dx dy
(52) ©) 4 dt =2at ; dt 2bt 5y = 2tVa? + b2 (7) (D).OptionA— A B = =0
OptionB— A.B =-1+1=0
dy _d2x_ _dzy_
(53) (B) T8 =5 =8 =0 OptionC > &  =—2+2=0
8 (®).AB=14-5-9=0
(54) (C) —2at 3bt? ; Acc. =2a—6bt=0; t=a/3b ® ® - R A A )
(9 (B). Let A=0.4i + 0.8] + Ck isaunit vector
(55) (B)_v:%8:12t—3t2:0;t:4 then A1
= J016+064+C? -1= 0.80+c?=12
dz d d
(56) (A dt_3aX2 d)t( Zbyd_)tl =3acx2 + 2byc = C2=02=C=.,02
2
d’z —=3ac 2x d—x+2bcﬂ:6a32x+2bc2
a2 dt dt
10y (C).
ds 2 dv
v=—=3t“-12t+3: acc.=—=6t-12
67 ©O).V=y acc=
acc.=0,att=2 Right
att=2,v=-9m/s —
11 A).
EXERCISE-2 @ left
—’ Em
Hence ‘East’
N (12) (C).R2=AZ+ B2+ 2AB cosh
A e WehaveR=A=B
o © A=B+C So, AZ=AZ+ 2A2 cosh
— = cos0=-1/2=0=120°
B
13) (B). a+b-c=4i+3]; 2a-b=4i+3]
coso=3/5= a=53°; o.=cos™ (3/5) (13)  (B) a+b-c=4i+3); 2a-b=4i+3]
[ 33
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(14) (A). A+B+C=0-0,1 +2] + 4k+5 +C =0 (24) (B). Let the vector be (xi +yj + zk)
C=-6i -2j - 4k (xi+yj+zk)-(i-j-k)=0
~ X+y-z=0 . (1)
|C|=+/36+4+16 = /56

(15 (C). (xi+yj+zk)-(i-j-k)=0

(16) (D). WehaveP2=P2+ P2+ 2P2cos6 x-y-z=0 ... @

1 Subtracting(1) & (2) = y=0& x=z
= cosf=—-;0=120° Hence possible vector isAns. B

(17) (C). A+2B=(R-B)+2B=R+B (25) (C). Checkingoptions: A =3i +4j ; B=6i +8
A =(R-B) (A) AxB = 24k-24k =0
A+2B)A = (R+B)- (R-B) =R2-B2=0 IAl_5 1
( ) ( ) ) ®) |B] 10 2
R=B

© AB=18+32=50; A.g =48
D) A=5

(18) (B). BA=0(sincez,p)
= 8-21-2=0= A=3

(19) (A). Wehave 12 = 32 + 42 + 2x3x4 cos 0 (26) (D). F,=6i-6j+3k; S=Ut- %é

-24
:cose—z =-1=0==xn e 1
(Jj+5j+4|<)=0+§51(2)2

A-B =3x4cos6=-12units

. . 1i+5j+4k _ R+F . - A .
(200 (B).Let A=i+]; |A|=V1®+2® =2 a=— = 18 2, F,=-2i+26j+13k
(21)  (A). 10(cos30°] +sin30°])= (5437 + 5] W= E 8= (-2 +26]+13K) - @ +5]+4k) =180J
- 2
F en ©. 2E=L-p
A 2.3.1)
(22) (D). Y
(1,2 3) 28 A). 50
B

roixi = (F-T) x = (‘3“]‘2'2))((“}“2)

Pk AB:ABCOSO,?—ACOSO

IR (-10)) & - 4)
11 1 -10))-(3 -4j) _ +40

(A cosB) = — = =8
NF+4 5
V; 20 m/s
(29) (A). (F-2j+8k)- (21 +x+k)=0
20m/s
23 ) v, = 6-2x+8=0=>Xx=7

(30) (B). |a—b-¢|=|4i+]-k-3i+2j-2k+i+i+2j—K]|

=|2i +5]-4Kk| =+/4+25+16 =/45

V. =20]; V, =-20] ; AV =V, ~V,=-20 ] —20 ]

Hence changein velcoity is20.,/2 m/sSW

—
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(31) (B).For0<s<100
v=0.08s,dv=0.08ds
a:v& :a=6.4(1073)s
ds
Ats=50m, a=0.32m/s?
(32) (D).For t<10s:

dv
v=0.4t ; a—a =0.8t a(m/sz)

Att=10s: a=8m/? 8-

For 10<t<30s:

v=t+30

a= 4 =1

A = 8 M/
(33) (O Vo=110 m/s

Av=_[adt

0-110=-3(15-5) -8 (20— 15)
~3(t-20) ; t=333s
EXERCISE-3

() (D).|AxB|=+3(A.B)

= ABsin0= /3 ABcos6 = tan6= 3 = 0=60°

e

g

@ (©. Fromfigure, d+&=f

e

©)

O

©)

©)

A-B=0

ot . . ot
cosmcos7+smwtsn?:0

cos(wt—m—tj:O:cosw—tzoj el st==
2 2 2

(B). For two particlesto collide, thedirection of therelative
velocity of one with respect to other should be directed
towards the relative position of the other particle

h-h
n-T

i.e — direction of relative position of 1w.r.t.2.

Y2=Y1 _, direction of velocity of 2w.rt. 1

|V =V

- _ V-V
Ih-To| [Vo—Vq|

sofor collisonof A& B :

(C). T=cosm t X+sinot ¥,

_oar . - N
V:E:—msnmtx+m005mty

V-F=0

2

2 2snot § = -t

a=-0cosot X—o

(B). |A+B|=|A-B|
cos6=0=6=90°

[4
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