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CHAPTER

BASIC MATHS & VECTOR

“As far as the laws of mathematics refer to reality, they are not certain,
and as far as they are certain, they do not refer to reality.”

“ALBERTEINSTEIN”

INTRODUCTION

he language of physics is mathematics. In order to study physics seriously, one
needs to learn mathematics that took generations of brilliant people centuries to
work out. The relationship between mathematics and physics has been a subject of
study of philosophers, mathematicians and physicists since Antiquity, and more
recently also by historians and educators.Generally considered a relationship of
great intimacy, mathematics has already been described as “an essential tool for
physics and physics has already been described as “a rich source of inspiration and
insight in mathematics”.

From the seventeenth century, many of the most important advances in mathematics
appeared motivated by the study of physics, and this continued in the following
centuries. The creation and development of calculus were strongly linked to the
needs of physics. There was a need for a new mathematical language to deal with
the new dynamics that had arisen from the work of scholars such as Galileo Galilei
and Isaac Newton. As time progressed, increasingly sophisticated mathematics
started to be used in physics. The current situation is that the mathematical knowledge
used in physics is becoming increasingly sophisticated, as in the case of superstring
theory.




PHYSICS FOR NEET & AIIMS

@\
@% ETOOS KEY POINTS

(i) Vector product of two vectors is always a vector perpendicular to the plane containing the two vectors, i.e.,
orthogonal

(perpendicular) to both the vectors A and B.

AxB
| AxB|
(ii) Vector product of two vectors is not commutative i.e. cross

Unit vector perpendicularto A and B is 0 =+

products AxB and Bx A have equal magnitudes but
opposite directions as shown in the figure.
AxB=-BxA
(iii) The vector product is distributive when the order of the vectors is strictly maintained,
ie. AX(]§+6)=AX]§+A><6

B, L . AxB
(iv) Angle 0 between two vectors A and B is given by 0 = sin™' Bﬁ}

(v) The self cross product, i.e., product of a vector by itself is a zero vector or a null vector.

Ax A=(A44sin0°)Aa=0=1x1=jx]=kxk
k;

(vi) In case of orthogonal unit vectors 1, j and k ; according to right hand thumb rule

Aix}:l},tixlA<=Ai,lA<><Ai=3 and j><Ai=—lA(,lA<><3=—Ai,Ai><lA<=—j

v If A=Ali+A ] +Ak and B = BxAi + By} + BZlA< , their cross-products is given by

X y z

i)k
AxB=|A_ A, A|=1AB,-AB)-jAB,~AB)+k(AB ~AB)
B, B, B,

*(Vi) If A ,]§ and C are coplanar, then ;‘;(}3 X 6) =0. ‘

Rate of change of a vector with time
It is derivative of a vector function with respect to time. Cartesian components of a time dependent vector, if

given as function of time as t (t) = x(t)i + y(t)j + z(t)lA< , the time rate of change can be calculated according to
equation
di (1) dx(r)i . dy(t)] . dz(t)k

dt dt dt dt

Methods of differentiation of vector functions
Methods of differentiation of scalar functions are also applicable to differentiation of vector functions.

i L(F6)=L0 i Lre)-Ler s
dt dt  dt dt dt dt
iii. i(X ﬁ) = dilj" +X ar Here X is a scalar function of time.
dt t dt
iv. %(ﬁ x é) = i]—ljx G+Fx c;—? Order of the vector functions F and G must be retained.
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Etoos Tips & Formulas

BASIC MATHEMATICS

Quadratic Equation

-b+ /b’ —4ac

2a

Roots of ax?>+bx+ c¢=0are X =

b c
Sum of roots = x, +x, =— — ; Product of roots = X, X, = —
a a

Binomial Theorem

(n-1) -, n(n—lé(n—z)xs .

(n—l)xz_n(n—lé(n—Z)x3+

Ifx<<Ithen (I+x)" =1l+nx & (1-x)" =1-nx

n
(A+x)" =1+nx+

n
1-x)"=1-nx+

Logarithm

. .. m see n_— . —
(1) logmn=1log m+logn (i) log o =logm-logn (iii) logm"=nlogm (iv) log, m=2.303 log, ;m

Componendo and Dividendo Rule

p_2a prq_a+h
Ifq b then p—q a-b
Arithmetic progression (AP)

a,atd,a+2d,..,a+(n—1)d hered=common difference

Sum ofnterms S = g [2at+(n-1)d]

) n(n+1)
Note: (i) 1+2+3+4+5.......... H=T
) n(n+1)2n+1) 8
(i) P+ 22+ 32+ + n2=7 MK ;
Geometrical Progression (GP)
a,ar, ar’,...,ar"™'  herer= common ratio 6 =
b
a (1 - r“) a
Sumofnterms § =———~ Sum of oterm S, =
" 1-r -1
Trigonometry
2nrad=360° = 1 rad= 57.3°
. icul
(i) sin 6= perpendicular (i1 cos 6= base (i tan 0= perpendicular
hypotenuse hypotenuse base
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20.

21.

22.

23.

24.

VECTOR

Vector Quantities

A physical quantity which requires magnitude and a particular direction, when it is expressed.

Triangle law of Vector addition R = 4+ B

R=+JA* +B>+2A4Bcos90° R
. Bsin0
Bsin0
= tanog=—— o 0
A+ BcosO - Pl
A BeosO

0
IfA=Bthen R =2Acos§ & o =E

R _=A+Bfor6=0°; R _=A-Bfor0=180°

max mis

Parallelogram law of Addition of Two Vectors
If two vectors are represented by two adjacent sides of a parallelogram

which are directed away from their common point then their sum (i.e.
resultant vector) is given by the diagonal of the parallelogram passing
away through that common point.

AB+AD=AC =R or AtB=R = R=+A2+B>+2ABcosd

‘[anoc=BLne and tanf = Asin

A+ BcosO B+ Acos©

Vector subtraction

R=A-B = R=A+(—B)

Bsin 0
A—Bcos0

R=~A*+B*—2A4Bc0s90° » tan o =

.0
IfA=Bthen R = 2Asmz

Addition of More than Two Vectors (Law of Polygon)

If some vectors are represented by sides of a polygon in same order, then their resultant vector is represented by the
closing side of polygon in the opposite order.
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SOLVED EXAMPLE

Ex.1  Inthe given figure, a function y=15¢™ is shown.
What is the numerical value of expression g
A/(B+C)?
4 }-"
A
Ex.4
Ale
Ale’ —
B C "
Sol. From graphA=15;B=1;C=2.
Therefore [ A/(B+C)=15/3 =5]
Sol.
Ex.2 A car changes its velocity linearly from 10 m/s to 20
m/s in 5 seconds. Plot v-t graph and write velocity
as a function of time.
Ex.5
Sol sl _20—10_2_m
ol. ope=
y-intercept=10=c¢ = v=2t+10
av(m/s)
20
Sol.
20-10=10
10
5
» (S
0 : (s)
Ex.6
Ex.3  Three coplanar vectors A, B and C have
magnitudes 4, 3 and 2 respectively. If the angle
between any two vectors is 120° then which ofthe
3A B C
followi t b lto —+—+—
ollowing vector may be equal to 12 7313 Sol.
Ex.7

B) —

(D) T

E‘ ‘6 B C A

As |—|=|7]s0o -+—=—-——

3 2 3 2 4
A B C A

therefore3—+—+9——
4 3 2 2

The magnitude of pairs of displacement vectors are
given. Which pairs of displacement vectors cannot
be added to give a resultant vector of magnitude
13cm?

(A)4cm, 16cm
(C)lem, 15¢m

(B)20cm, 7cm
(D)6cm, 8cm

Resultant of two vectors A andB must satisfy

A~B<R<A+B

Three non zero vectors A ,B and C satisfy

the relation A-B=0 & A-C =0 . Then A
can be parallel to:

(A) B (B) C

(C) B-C (D) BxC
A-B=0 = ALB & A-C=0
= AlC

But BxC is perpendicular to both B and C so
A is parallel to BxC.

o and B are the angle made by a vector from
positive x & positive y-axes respectively. Which
set of a and P is not possible

(A) 45°, 60° (B)30°, 60°
(C) 60°, 60° (D) 30°, 45°

o, B must satisfy cos’o+cos’f+cos?y=1

Let A ,]§ and C , be unit vectors. Suppose that

A-B=A.C—o0 andtheanglebetween B and
- . T
Cis 3 then

(A) A=(BxC) (B) 4=2(BxC)

xC
(©) A=2(CxB) ) |gxa|:§
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Exercise # 1 [

1.

v/ A

Find points at which the tangent to the curve
y=x*—3x*-9x + 7 is parallel to the x—axis

(A)(3,20)and (-1,12)  (B)(3,20)and (1, 12)
(C)(3,~10)and (1, 12) (D) None of these

A stone is dropped into a quiet lake and waves move
in circles at the speed of 5 cm/s. At the instant when
the radius of the circular wave is 8 cm, how fast is
the enclosed area increasing ?

(A) 80 tem¥s (B)90 wem¥s
(C)85 mem¥s (D) 89 mtem?¥/s

The momentum of a moving particle given by
p = tfnt . Net force acting on this particle is defined

by equation F= ——.
Y €eq dt
The net force acting on the particle is zero at time

(A)t=0 (13.)t=l
€

1
2

(©)t=

(D) None of these

Let A = 1A cos0 + jA sin @, be any vector. Another
vector B which isnormalto A is -

(A) iBcos® + jBsin®

(B) iBsin®+ jBcosH

(C) iBsin®— jBcosH

(D) iAcosO— jAsin®

An edge of a variable cube is increasing at the rate
of 3 cm/s. How fast is the volume of the cube
increasing when the edge is 10 cm long ?
(A)900 cm®/s (B) 920 cm’/s
(C) 850 cm’/s (D)950 cm’/s

Force 3N, 4N and 12N act at a point in mutually
perpendicular directions. The magnitude of the
resultant force is :—

(A) 19N
(O)11IN

(B)13N
(D)5N

11.

12.

13.

etoosindia.com

Ifa unit vector is represented by (.51 — 0 ,8} +ck,
then the value of 'c' is :—

A1 (B) vo.11
(©) Jo.o1 (D) J0.39
The sum of magnitudes of two forces acting at a

point is 16N. If the resultant force is 8N and its
direction is perpendicular to smaller force, then the

forces are :(—
(A) 6N and 10N (B) 8N and 8N
(C)4N and 12N (D)2N and 14N

The unit vector parallel to the resultant of the vectors

A=47+3j+6k and B =-1+3]j-8k is:-

(A) %(35+6]’—2/€) (B) %(35+6]’+2/€)

| |

— @i +6j+2k — @i +6j -2k
(©) 49( J +2k) (D) 49( J —2k)
How many minimum number of coplanar vectors
which represent same physical quantity having
different magnitudes can be added to give zero

resultant
A)2 B)3
©4 D)5

A physical quantity which has a direction :—
(A) Must be a vector (B) May be a vector
(C) Must be a scalar (D) None of the above

Following sets of three forces act on a body. Whose
resultant cannot be zero ?

(A) 10,10, 10
(C) 10,20,20

(B)10,10,20
(D) 10,20,40

Figure shows three vectors @,b and C, where R
is the midpoint of PQ. Then which of the following

relations is correct ?
P

0 = »0Q
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/- A

Exercise # 2 /

1. A particle moves along the curve x> + 4 =y. The
points on the curve at which the y coordinates
changes twice as fast as the x coordinate, is

(A)(1.5) B)(5.1)
(01,2 (D) None of these
2. A ladder 5m long is leaning against a wall. The foot

of the ladder is pulled out along the ground away
from the wall at a rate of 2m/s. How fast is the height
ofladder on the wall decreasing at the instant when
the foot of the ladder is 4m away from the wall?

3
(A)10m/s B) zm/s
8
© 3 m/s (D) None of these
3. Moment of inertia of a solid about its geometrical

2
axisis given by [ = 5 MR? where M is mass & Riis

radius. Find out the rate by which its moment of
inertia is changing keeping density constant at the
moment R=1m, M =1 kg & rate of change of radius
w.r.t. time2 ms™!

(A)4kgms™! (B) 2kgm?s™!
(C)4kgm?3! (D) None of these
4. Three forces P, Q & R are acting at a point in the

plane. The angle between P & Q and Q & R are 150°
& 120° respectively, then for equilibrium (i.e. net
force=0), forces P,Q & Rare in the ratio

(A)1:2:3 (B) 1:2:3
(C)3:2:1 D) V3:2:1

5. If the sum of two unit vectors is a unit vector, then
magnitude of difference is —
(A)V2 (B)\3
(©) 1A2 (D)5

6. Let 5,];,6 are three unit vectors such that @ + b + ¢

is also a unit vector. If pairwise angles between
a,b,¢ are 0,, 6, and O, respectively then
cos0, + cos0, + cos0, equals

A3 (B)-3

©1 D)-1

10.

11.

etoosindia.com 140

Let 5, E , C be vectors of length 3,4, 5 respectively.
Let @ be perpendicular to b+¢,btoc+adand
C to d+b . Then |Zz’+l;+5| is:

(B)27\2

(D)5V2

(A)2v5
(C)10V5

X—component of g is twice of its Y-component . If
the magnitude of the vector is 5V2 and it makes an
angle of 135° with z—axis then the components of
vector is :

(A) 2V3,3,-3
(C) 2V5,5,-5

(B) 2V6,N6,—6
(D) None of these

If a isa vector and X is a non—zero scalar, then
(A)xa isavector in the direction of a
(B) xa isa vector collinear to a

(C)xa and @ have independent directions
(D) None of these.

The two vectors A and B are drawn from a common
point and C = A + B then angle between A and
B is

(A)90°ifC?  A>+B?

(B) Greater than 90°if C>< A%+ B?

(C) Greater than 90°if C>> A%+ B?

(D) None of these

Following forces start acting on a particle at rest at
the origin of the co—ordinate system simultaneously

F, = —41-5]+5k, F, = -51+8j+6k,
F, =—3i+4j-7k and F, =12i-3j-2k then
the particle will move—

(A) In x—y plane

(B) Iny—zplane

(C) In x—z plane

(D) Along x—axis

Study with Best Etoos Faculties of Kota
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Exercise # 3

Following question contains statements given in two columns, which have to be matched. The statements in
Column-I arelabelled as A, B, C and D while the statements in Column-II are labelled as p, q, r and s. Any given
statement in Column-I can have correct matching with one or more statement(s) in Column-II.

1. For component of a vector A= (3Ai +4j-5 lA<) , match the following table :
Column I Column IT
(A) Along y—axis (P) Sunit
(B) Along another vector (21 + j+2k) (Q) 4unit
(C) Along another vector 61+ 87— 10k) (R) Zero
(D) Along another vector (31 -4+ 5k) (S) None

2. Match the integrals (given in column - IT) with the given functions (in column - I)

Column -1 Column - II
cosec Kx
t d il
(A) Isecx an x dx P) <
t Kx
(B) Icos ecKx cot Kx dx Q - —COK +C
© Icosecz Kx dx (R) secx +C
sin Kx
Kx d +
D) Icos x dx (S) < C

3. Match the statements given in Column-I with statements given in Column - IT

Column -1 Column -11
(A) if|A|=|B| and | A+ B|=|A|then (P) 90°

angle between Aand B is
(B) Magnitude of resultant of two forces Q) 120°

‘E‘ =8N and ‘E‘ =4 N maybe

(C) Angle between A=2 f+2]&|§=3|21s (R) 12N
(D) Magnitude of resultant of vectors A=2 i+ ] S) J14
&B=3kis

142 etoosindia.com
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Exercise #

1 The vectors A and B are such that o Six vectors, & through f have the magnitudes and
o _ directions indicated in the figure. Which of the
‘A + B‘ = ‘A - B‘ . The angle between vectors A and following statements is true?

Bis— [AIPMT 2006] [AIPMT 2010]
A)90° B) 60° —
(4) (B) o o
(©)75° (D)45° a 5
T &N
2. If‘Kxﬁ‘=J§X.§,thenthevalueof‘K+§‘ is: (A) b+e=f (B) b+c=f
[AIPMT2007] (C)d+c=f (D) d+&=f
172
@) (Az B2 +£] 4. If vectors
3 " 2 ° = ot 2 ot 4
A=cosoti+sinotj and B=cos—i+sin—j
(B)A+B 2 2
2 are functions of time, then the value of t at which
(©) ( AZ+B2+3 AB) they are orthogonal to each other is :
[Re-AIPMT 2015]
(D) (A2+ B +AB)"
T
(A)t=0 (B) t=—
4o
T T
t=— D) t=—
©) t=5- ) t==
etoosindia.com
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— > oo K

STRAIGHT OBJECTIVE TYPE
1. The product of all the solutions of the equation (x —2)>—3 |x —2|+2=01is
A)2 (B)-4 o (D) none of these
2. The number of solutions of the equation log(—2x) =2 log (x + 1) is
(A) zero B) 1 ©) 2 (D) none
3. Greatest integer less than or equal to the number log, 15. log, 2. log, 1/6 is
(A)4 (B)3 ©O2 D1
4. The number of solutions of |[x] —2x|=4 is
(where [.] denotes greatest integer function)
(A)2 (B)4 03 (D) Infinite
5. The solution set of the inequation 1+ log, (x>+x+1)>01is
3
(A) (=0, -2) U (1, 0) (B)[-1,2] (OICY) (D) (o0, 0)
1
6. Number of values of x satisfying the equations 5{x} = x+ [x] and [x] — {x} = 5 is
A1 (B)2 O3 D)4
7. If|x*— 9| + |x* — 4| =5, then the set of values of X is
(A) (=o0,-3) (3, ) (B) (o0,-2) U (3, ) (©) (=,3) (D) [3,-2]V[2,3]
[x+2—-x .
8. If =—— <2, then the set of values of x is
(A) (o0, 1)U (2, 0) (B) (=, 0)u(l, ) (C) (=0, -1) (0, ) (D) none of these
9. Solution set of the inequality log > [2x] —log, [2x] <01is
1 3
(A)[L,3) (B)(0,3) (O {1,2} M5 3
10. Solution set of [x?—5x + 7|+ [x*— 5x — 14|=21is
(A)[2,7] (B) (o0, 2] U [7,0) (O[7,0) (D) (—o0,-2]
11. The set of real value(s) of p for which the equation | 2x + 3 | +| 2x — 3 | = px + 6 has exactly two solutions is
(A) 0,4) (B) (-4,4)- {0} (C) R-{4,-4,0} (D) {0}
12. e is simplified to
e (B) /n3 ©3 (D) ¢n (4n 3)
13. If 3, b are unit vectors such that (3 +Db) . {(2a + 3b) * (33 — 2b) } =0, then angle between a and b is -
(A)0 (B)m/2 O)r (D) indeterminate
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