UMNIQUE
LWORLD

e EDUCATION

" HANDBEOOK OF

MATHEMATICS
. FORMULAE

)
GRADE  : 11 CBSE
SUBJECT : MATHEMATICS

@ ah k‘ll:lg'ﬂ. Ansar Gallery Complex, Dubai, UAE, =¥ Opposite World Trade Centre(WTC), Hamdan Street, Abudhabi, UAE
=] il infoﬁwquewwldedlmm =% Email:infoauh@uniqueworldedu.com
el +

= P OBox: 87556 Ground Floor, Near Burjuman Metro Exit 2, E First Floor, Office No:016, UAE Exchange Building, Al Sayegh Centre,
= :
- +971 56 628 2825 (=] i .
I: +971 4 3574415 | Mob: +971 56 403 2888 =3 Tel: +971 26278480 | Mob: +971 56 2338977




INDEX

No. CHAPTERS NUMBER
1 Sets 1
2 Relations and functions 4
3 Trigonometric Functions 10
4 Principles of Mathematical Induction 14
5 Complex numbers and Quadratic equations 15
6 Linear Inequalities 18
7 Permutations and Combinations 20
8 Binomial Theorem 21
9 Sequences and Series 23
10 Straight Lines 25
11 Conic Sections 27
12 Introduction to 3D Geometry 32
13 Limits and Derivatives 34
14 | Mathematical Reasoning 36
15 Statistics 38
16 | Probability 39

www.unigueworldedu.com

Dubai and Abu Dhabi
Contoct us on et +971 4 357 4415 Tel: +971 2 627 8480

India's first Medical and Engineering Entrance Exam Couching Centre by Prof. P.C THOMAS now in UAE



SET THEORY 1
CHAPTER

[Sets: ]
A set is a well-defined class or collection of objects. Represented by following methods

Roster method or Listing Method: In this method a set is described by listing elements, separated
by commas, within braces {}. The set of vowels of English alphabet may be described as
{a, e, i, 0, u}.

Set-builder method or Rule method: In this method, a set is described by a characterizing property
P(x) of its elements x. In such a case the set is described by {x : P(x) holds} or {x | P(x) holds}, which
is read as ‘the set of all x such that P(x) holds’. The symbol |’ or *:’ is read as ‘such that’.

Symbol Meaning Symbol Meaning
= Implies iff If and only if
€ Belongs to & And

AcB | Aisasubsetof B alb a is a divisor of b
= Implies and is implied by N Set of natural numbers
¢ Does not belong to lorZ Set of integers
s.t. Such that R Set of real numbers
A For every C Set of complex numbers
3 There exists Q Set of rational numbers

(TYPES OF SETS. |

Null set or Empty set: The set which contains no element at all is called the null set. This set is
sometimes also called the ‘empty set’ or the ‘void set’. It is denoted by the symbol ¢ or {}.

Singleton Set: A set consisting of a single element is called a singleton set

Finite Set: A sct is called a finite set if it is either void set or its elements can be listed (counted,
labelled)

Cardinal Number of a Finite set: The number of elements in a finite set called the cardinal number
or order of set and is denoted by n(A4).

Infinite Set: A set whose all elements cannot be listed is called an infinite set.

Equivalent Set: Two finite sets 4 and B are equivalent if their cardinal numbers are same i.e. n(4) =

n(B).

Equal Set: Two sets 4 and B are said to be equal iff every element of 4 is an element of B. We write

“A = B” if the sets 4 and B are equal and “A4 # B” if the sets 4 and B are not equal. Symbolically,
A=Bifxe A< x e B.

Universal Set: A set containing of all possible elements which occur in the discussion is called a

universal set and is denoted by U.
Power Set: If S is any set, then the family of all the subsets of S is called the power set of S.
The power set of S is denoted by P(S).
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Subsets (Set inclusion): Let 4 and B be two sets. If every element of 4 is an element of B, then 4 is

called a subset of B. If 4 is subset of B, we write 4 — B, which is read as “A is a subset of B” or “4 is
contained in B”.

Thus,AcB=ae€ A= a < B.
Every set is a subset of itself.
The empty set is a subset of every set.

The total number of subsets of a finite set containing n elements is 2”".

[Venn Diagram: ]

The combination of rectangles and circles are called Venn-Euler diagrams
or simply Venn-diagrams. In venn-diagrams the universal set U is

U

@

represented by points within a rectangle and its subsets are represented by

points in closed curves (usually circles) within the rectangle. If a set 4 is a

subset of a set B, then the circle representing 4 is drawn inside the circle

representing B. If 4 and B are not equal but they have some common elements, then to represent A4
and B we draw two intersecting circles. Two disjoints sets are represented by two non-intersecting

circles.

[Operations on Sets: ]
Union of Sets: Let 4 and B be two sets. The union of 4 and B is the set of all

elements which are in set 4 or in B, denotedby AU B
AUB={x:xeAor xeB}.

Intersection of Sets: The intersection of two sets 4 and B is the set of all those

U
elements that belong to both 4 and B, denoted by 4 N B (ﬁ)
<
ANB={x:xe€ Aandx € B}. 20 15
Disjoint Sets: Two sets 4 and B are said to be disjoint, if 4 N B = ¢.
Difference of Sets: I.et 4 and B be two sets. The B -
difference of 4 and B written as 4 — B, is the set of all
those elements of 4 which do not belong to B.
Thus,A—-B={x:xe€ Aand x ¢ B} = = =
B-A={x:xeBandx ¢ A}
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[Symmetric Difference of Two Sets: ]
The symmetric difference of two sets 4 and B is the set (4—B)\U(B — A) and is denoted by AAB

AAB = (A-B)U(B—-A)={x:x¢ ANB)

Complement of a Set: Let U be the universal set and let 4 be a set such
that 4 — U. Then, the complement of 4 with respect to U is denoted by A’
or A¢ and is defined the set of all those elements of U which are not in A4.

A=U-A={x:xeU:x¢A}.

[Some Important Results on Number of Elements in Sets ]

If 4, B and C are finite sets and U be the finite universal set, then
WD)nAdvB)=nd)+nB)—n(4dnNB)
2)n (4 v B)=n(A) + n(B) < A, B are disjoint non-void sets.
B)n(Ad—B)=n(d)—n(A N B)ie n(A—B)+n(dAdnB)=n(A)
@DnAUBuUO)
=nA)+nB)+n(C)—nAnB)—-nBNC)—n(ANC)+ndnBnC)
(6) n (Number of elements in exactly two of the sets 4, B, C)
=n(AnNB)y+nBnNnC)+n(CnA)-3n(AnBNC)
(7) n (Number of elements in exactly one of the sets 4, B, C)
=n(d) + n(B)+n(C)-2nd N B)—2nB N C)-2n(An C)+3n(d BN C)
@®)nA'"vB)=ndnB) =nlU)—ndnB)
9nA' nB)Y=ndvB) =nlU)—nduvB)

[Laws of Algebra of Sets: ]
(1) Idempotent laws: For any set 4, we have
(i) Aud=4 (i) AnA=4
(2) Identity laws: For any set 4, we have
HAv g=4 i)AnU=4
(3) Commutative laws: For any two sets 4 and B, we have
i)AuB=Bud4d (i)AdnB=BnA
(iii) A-B#B-A4 (iv) AxB#BxA

(4) Associative laws: If 4, B and C are any three sets, then
HAUBUC=A4AUBU(C) HANBNO)=ANB)NC

(5) Distributive law: If 4, B and C are any three sets, then
HAVBNC)=(AUB)N (AU O MANnBuO=AnBuUANO)

(6) De-Morgan’s law: If 4 and B are any two sets, then

Q) (AUB)=A4'NB (i) ANBY=A'"UB
(i) A—(BUC)=(A-B)n(A-C) (iv) A-(BNC)=(4-B)U(4 - C)
(1) )A-B=AnB (i) B—-A=B A
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RELATIONS AND FUNCTIONS 2
CHAPTER

[Definition of Relation: ]

Let 4 and B be two non-empty sets, then every subset of 4 x B defines a relation from 4 to B.

Let R c 4x B and (a, b) € R. Then we say that a is related to b by the relation R and write it as aRb

Total number of relations: Total number of relations from 4 to B is 2™".

Domain and range of a relation: Let R be a relation from a set 4 to a set B. Then the set of all first
components or coordinates of the ordered pairs belonging to R is called the domain of R, while the
set of all second components or coordinates of the ordered pairs in R is called the range of R.

Thus, Dom (R) = {a : (a, b) € R} and Range (R)= {b : (a, b) € R}.
Relation on a set: Let 4 be a non-empty set. Then, a relation from 4 to itself i.e. a subset of 4 x 4 is
called a relation on set 4.

Inverse Relation:
Let 4, B be two sets and let R be a relation from a set 4 to a set B. Then the inverse of R, denoted by

R, is a relation from B to 4 and is defined by R = {(,a): (a,b) R}
Dom (R) =Range (r ') and Range (R) = Dom (r ')

[Definition of Function: ]

If A and B are two non-empty sets, then a rule f which associated to each x € 4, a unique number
y €B, is called a function from 4 to B and we write, 7:4— B.

Set X Set Set X Set

Function Function

|

Set X Set Set X Set Y

|

Not function Not function

[Domain, Co-Domain and Range of Function: ]
If a function fis defined from a set of 4 to set B then for f: 4 — B set 4 is called the domain of function

fand set B is called the co-domain of function f. The set of all f<images of the elements of 4 is called

the range of function . In other words, we can say
Domain = All possible values of x for which f{x) exists.

Range = For all values of x, all possible values of f{(x).
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Domain ={a,b,c,d}=A

Co-domain = {p, q, r,s} = B
R =
ange b, q, Iy
Domain Co-domain
[Methods for finding Domain and Range of Function: ]
Domain:

1.Expression under even root (i.e., square root, fourth root etc.) > 0
2.Denominator # 0.
3.If domain of y = f(x) and y=g(x) are D;and D, respectively then the domain of f(x)+ g(x)
or f(x).g(x)is D.ND,.
4.While domain of /&) is D n D, —{g(x)=0}.
g(x)
5.Domain of (W)z D, n{x: f(x)>0}

Range: Range of y= 7(x) is collection of all outputs f(x) corresponding to each real number in
the domain.
1.If domain € finite number of points = range € set of corresponding £ (x) values.

2.If domain € R or R — [some finite points]. Then express x in terms of y. From this find y for x
to be defined (i.e., find the values of y for which x exists).

3.If domain € a finite interval, find the least and greatest value for range using monotonicity.

[Algebra of Functions: ]
Let f(x)and g(x)be two real and single-valued functions, then,

Scalar multiplication of a function: (¢ f)(x)=c f(x), where c is a scalar.
Addition/subtraction of functions: (/' + g)(x) = f(x)+ g(x). The new function has the domain X.
Multiplication of functions: ( fg)(x)=(g f)(x)= f(x)g(x). The product function has the domain X.

Division of functions: [i} (x)= % Except for the values of x for which g(x)=0.
g gx

Real valued function: If R, be the set of real numbers and 4, B are subsets of R, then the function
f:A— B is called a real function or real —valued function.
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[Kinds of Function: ]

1. Polynomial or integral function: It is a function of the form g x" + alx”_1 +..ta_x+a,

whereq, # 0 and a,a,,......... ,a_are constants and n € N is called a polynomial function of degree n

2. Rational function: The quotient of two polynomial functions is called the rational function. e.g.
3. Irrational function: An algebraic function which is not rational is called an irrational function.

4. Transcendental function: A function which is not algebraic and contains trigonometric; inverse

trigonometric, exponential and logarithmic functions is called a transcendental function.

5. Trigonometric functions: A function is said to be a trigonometric function if it involves circular

functions (sine, cosine, tangent, cotangent, secant, cosecant) of variable angles.

5.1 Sine function: The function that associates to

Y
each real numbers x to sinx is called the sine (0.1)
function. Here x is the radian measure of the angle. X /\ -3 ;i /\ X
. \ .. -2% _3K - 0 % =& x SA 3x
The domain of the sine function is R and the range e 2 \/2 Eil
. (0.-1)
is [-1, 1]. Y’
5.2 Cosine function: The function that associates to each real number x to cos x is called the cosine
function. Here x is the radian measure of the angle. The domain of the cosine function is R and the
range is [— 1, 1].
Y
(0.1)
X’ -2x -=x x /\ X
_5x _3_!\/_10 5\/3_5 2x 5K
2 2 2 2 z 2
(01_1)
v’
5.3 Tangent function: The function that associates a real v
number x to tan x is called the tangent function. Clearly, ! - 1 :
i | ' l |
0 0 . | I
the tangent function is not defined at odd multiples of — X 1 -x 1o [ X
2 Ty _ I 3l
2 | 21 21 21
1 | 1 [
. T 3r . . | | | [
ie., iE,i > etc. So, the domain of the tangent function A i - |
v
is R—{(2n+ 1)E| nel}. Since it takes every value
between - « and « . So, the range is R. Graph of f(x)= tanx is shown in figure.
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5.4 Cosecant function: The function that associates a real number x to cosecx is called the cosecant
function.

|
“Z.f|

Clearly, cosec x is not defined at x=nz,nel.ie,

0, 7,t 27, £37 etc. So, its domain is R — {nz| n e I}. (©.1)

(-2x0) |(-».0)

—T————
- IOI’

k]
el
= i e
|
|
|
A (——

—~
N
e

Since cosec x = lor cosec x < —1. Therefore, range is

(—o0,—1]U[l,0). Graph of f(x)=cosecx is shown in

I

1

|

P

T
(L
4

|

|

|

|

|

3
L

)

figure.

5.5 Secant function: The function that associates a real
number x to sec x is called the secant function.

V4
Clearly, sec x is not defined at odd multiples of 5 i : ; Y i i i
I I 1 I 1 I
. x UJML .,,LU .

i.e., (2m+1)—, where n € I. So, its domain is : IR [ —y ~p (DR N e

@+ R 7 ) e e e

| ¥ S A Y L Y (AT (79 |

7 I ! l | : !
R—{(2n+1)5|n el}.Also, [secx|>1, therefore '

its range is (-, — 1JU[1,0). Graph of f(x)=secx

is shown in figure

5.6 Cotangent function: The function that associates a real number x to cot x is called the cotangent

function. Clearly, cot x is not defined at x =nz,n €l i.e.,at n=0,* 7, £ 2zetc. So, domain of cotx

is R—{nxz|n el}. Therange of f(x)=cotx is R as is evident from its graph in figure.

6. Exponential function: Let a#1 be a positive real number. Then exponential function

f:R—(0,0) defined by fx)=a"
)¢ Y
a>1 a<l
0, 1) M:a‘ f)=a* \ (0, 1)
X X - \4_;,\/

0 0

Y’ o

graph of f(x)=a", whena > 1 graph of f{x)=a", whena<1
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7. Logarithmic function: Let a#1be a positive real number. Then f:(0,00)— Rdefined by

f(x)=log, xis called logarithmic function. Its domain is (0, «)and range is R.

i Y,

S(x) = log,
X / (1,0),

2 /(1,0) X X of

f(x) =loga

Y v
graph of fix)=1log,x, whena > 1 graph of fix)=log,x, whena <1

9. Constant function: Let £ be a fixed real number. Then a function f{x) given by f(x)=k for all
x € R is called a constant function. The domain of the constant function f(x)=k is the complete set

of real numbers and the range of /is the singleton set {k}. The graph of a constant function is a straight
line parallel to x-axis as shown in figure and it is above or below the x-axis according as k is positive

or negative. If k = 0, then the straight line coincides with x-axis.
i)

k—{ f(X)=k

v
10. Identity function: The function defined by f(x)=x forall x € R, is called the identity function
on R. Clearly, the domain and range of the identity function is R.

The graph of the identity function is a straight line passing through the origin and inclined at an angle

of 45° with positive direction of x-axis v

fx)=x

-
. . x, when x>0 .
11. Modulus function: The function defined by f(x)=|x |= is called the modulus

-x, when x<0

function. The domain of the modulus function is the set R of all real numbers and the range is the set
of all non-negative real numbers.

4 Y
f0) =~ Fx)=x
X X
o
v
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12. Greatest integer function: Let f(x) = [x], where [x] denotes the greatest integer less than or equal

to x. The domain is R and the range is 1. e.g. [1.1] =1, [2.2] =2, [- 0.9] =1, [- 2.1] =— 3 etc. The
function fdefined by f(x)=[x] forall x € R, is called the greatest integer function.

Y
3t
2T —O_o
1
X e—p——————+—x
3 2-1]1 2 3
T-1
—O 4-2
_O +-3
v
x| 0 L, x>0
. — X#F .
13. Signum function: The function defined by f(x)=7 «x i or f(x)=4 0,x=0 is
0 9 x=0 _1,x<0

called the signum function. The domain is R and the range is the set {-1, 0, 1}.
Y
(o, 1)1L—

ol|o

ﬂ. (O, _1)
07!

14. Reciprocal function: The function that associates each non-zero real number X to be reciprocal

1 is called the reciprocal function. The domain and range of the reciprocal function are both equal
X

to R—{0} i.e., the set of all non-zero real numbers. The graph is as shown.

Y 3
f(x)=1/x
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TRIGONOMETRIC FUNCTIONS 3

CHAPTER

[Relation Between Radians and Degree Measurements:

zwradians = 180 Degrees

[Relation Between an Arc, Radius, and an Angle:

If / is the length of an arc of a circle of radius 7, and 6 (in radians) be angle

subtended by this arc at the centre of the circle then, s
£

arc = radius x angle in radians or [ = r0

A

(TRIGONOMETRICAL RATIOS OR FUNCTIONS J

In the right-angled triangle OMP, we have base = OM = x, perpendicular =PM = y and hypotenues

= OP =r. We define the following trigonometric ratio which are also known as trigonometric
function.

Sind— P;Irpendicular Y coshe - Base _x 4 A
ypotenues  r ypotenues r b, 0)
tand Perpendicular Y cotd Bas‘e _X , r
Base X Perpendicular y ‘l’
Hypot
sec= —PocmICS _ T cosecl = —Hypote.nues =L 40 X
Base X Perpendicular y @ X 1M
[Relation between trigonometric ratio (function) ]
(1) sinf. cosecld = 1 (ii) tanf.cotf = 1
: sin@ cos6
(iii) cosf.secd = 1 (iv) tanf = p—— (v) cotl = g

[Fundamental trigonometric identities

(1) sin® @ +cos’ @ =1 (i) 1+ tan’ @ = sec? @ (iii) 1 + cot” @ = cosec %0

[SIGN OF TRIGONOMETRICAL RATIOS OR FUNCTIONS:

Their signs depend on the quadrant in which the terminal side of the angle lies.

In first quadrant: sinf > 0, cosf > 0, tan8 > 0, cosecd > 0, sec > 0 and cotf > 0.
In second quadrant: sinf > 0, cosf < 0, tanf < 0, cosecd > 0,secf < 0 and cotf < 0.
In third quadrant: sinf < 0, cosf < 0, tanf > 0, cosecf < 0,secf < 0 and cotf > 0.
In fourth quadrant: sinf < 0, cos@ > 0, tanf < 0, cosecd < 0,secd > 0 and cotf < 0.

92"
| Quadrant 11| 4 [ QuadrantT ]
Positive: Z Positive:
S sin, cse ALL r'\
T + /I -
180* = EX "
2 360°
., Positive: Positive:
tam, cot COS, S¢C
[Quadrant 111] 772, [Quadrant 1V |

2T
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[Trigonometrical Ratios of Allied Angles:

]

Allied 90-0) | (90 + @) (180 —6) | (180 +6) | (270 —6) (270 + 6) (360 — 0)
angles—> or r or
Tri (-6) - - or or 2 3 or
rigo. ——0 =+6 -0 ] =-0 - 2 — 0
Ratio (2 ) (2+ ) (x=6) (7 +6) (Z ) <2+e) (2m = 6)
siné —sin@ cosé cos 6 siné —sin@ —cos@ —cos 6 —sin@
cosé cos@ sind —sin@ —cos@ —cosf —sin@ siné cosd
tan @ —tand cotd —cotd —tand tand cotd —cotd — tan@
[Trigonometrical Ratios for some standard Angles ]
0 0 76 74 73 72 T 372 2z
. 1 V3
sind 0 1/2 7 > 1 0 -1 0
R 1
cos@ 1 > 5 5 0 -1 0 1
1
tan & 0 5 1 V3 0 0 © 0
[Trigonometrical Ratios in Terms of Each Other ]
sin@ cosd tand cotd secd cosecd
tan 0 1 Vsec20—1 1
siné sin6 1 — cos?
Gl V1 +tan20 | V1 + cot20 sec cosecO
1 cot6 1 A/ 20 —
cos@ | /1 —sin20 cos0 — M
V1 +tan20 | V1 + cot?0 secO cosech
sind | VT—cos26 1 1
tanf | — tan0 — Jsec29—1 | —
V1 —sin2 0 cos 0 cot0 sec0 vcosec20 — 1
V1 —sin20 cosf 1 1
cot @ cot0 —_— | 29 —
sin 0 V1 —cos?6 tan @ Vseczf—1 e
1 1 V1 + cot20 cosecf
secld | ——— V 2 - secH _—
V1 —sin20 cos 0 L LG cotf vcosec?0 — 1
1 1 V1 +tan?6 sect
cosecd — ————— J1 t2 ——— cosecO
sin @ V1 — cos2 6 tan 0 s VsecZf—1
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[Formulae of Sum and Differences of Two Angles:

1) sin(4+ B) =sin Acos B+ cos Asin B
?2) sin(4— B) =sin Acos B—cos Asin B
A3 cos(A+ B)=cos Acos B—sin Asin B
) cos(4— B)=cos Acos B +sin Asin B

5) tan(4A+B)= tand+tanB
1—tan Atan B
©6)  tan(d—p)=-AnAtanB
1+ tan Atan B
M cot(4+ p)=otAcotB-1
cot A+cotB
8)  cot(4— p)=orAcotBr1
cotB—cot A4

(9  sin(4+ B).sin(4— B)=sin> 4—sin’ B=cos’ B—cos’ 4
(10)  cos(A+ B).cos(4— B)=cos’ A—sin’ B=cos’ B—sin’ A

[Formulae to Transform the Product into Sum or Difference:

(11)  2sin Acos B=sin(A+ B)+sin(4— B)
(12)  2cos Asin B=sin(A4+ B)—sin(A4— B)
(13)  2sinA4sin B =cos(A— B)—cos(A+ B)
(14) 2cos A cos B=cos(A+B)+cos(4-B)

. - . D -D
a5) s1nC+st=251nC+ cosC
2 2
(16) sinC—sinD=2cosC+DsinC_D
2 2
a7 cosC+cosD=200sC;DcosC;D
(18) cosC—cosD=25inC+DsinD_C=—2sinC+DsinC_D
2 2 2 2
[Trigonometric Ratio of Multiple of an Angle
2tan 4
19) sin2A=25inAcosA=L2
1+tan” 4
. . 1-tan® 4
20) cosZA=2cos2A—1=1—2s1n2A=coszA—51n2A:Lr12;
1+tan” 4
2 tan A
21 tan 24 = ———
@D o 1—tan* 4

(22) sin3A =3sin A - 4sin’ A
(23)  cos 3A =4 cos’A - 3cosA
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[Trigonometric Equations: ]

Solution of trigonometrical equations: A value of the unknown angle which satisfies the
trigonometrical equation is called its solution.

Principal solution: Smallest numerical value of the unknown angle satisfying the equation

General solution: Complete set of values of the unknown angle satisfying the equation. It contains

all particular solutions as well as principal solutions.

[General Solution of Standard Trigonometrical Equations: ]

General solution of the equation sin 8= sina:

If sind =sina or sinf@—sina =0 =0 =nr+ (—1)"a;n el

General solution of the equation cos@= cosa:

If cos@ =cosa = cosf@—-cosa=0 =0 =2nt+a;n€l

General solution of the equation tan 8 =tan o:

If tanf=tana = @ =nw+ a;n €l

[General Solution of Some Particular Equations: ]

sind=0 = 0=nr,
cosfd=0 = 6’=(2n+1)% or n7r+%,

tanf =0 = O=nr
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PRINCIPLES OF MATHEMATICAL 4

INDUCTION
CHAPTER

[Principle of Mathematical Induction: ]

The proof of proposition by mathematical induction consists of the following three steps:
Step I: (Verification step): Actual verification of the proposition for the starting value “”’
Step II: (Induction step): Assuming the proposition to be true for “k”, k£ > i and proving that it is true
for the value (k + 1) which is next higher integer.
Step III: (Generalization step): To combine the above two steps
Let p(n) be a statement involving the natural number # such that
(1) p(1) is true i.e. p(n) is true for n = 1.
(i1) p(m + 1) is true, whenever p(m) is true i.e. p(m) is true = p(m + 1) is true.
Then p(n) is true for all natural numbers 7.

[Some Formulae used in Principle of Induction: ]

For any natural number »

() D n=1+2+3+..tn
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COMPLEX NUMBERS AND 5

OUADRATIC EQUATIONS
CHAPTER

[General definition :]A number of the form x + iy, where x,yeR and i=+/-1 is called a complex

number so the quantity +/— 1 is denoted by 'i' called iota thus i=~-1 = i* = —1.

[Integral powers of iota (i):]Since i=~/—1 hence we have i* = -1, i’ =—i and i* = 1. To find the
value of i" (n > 4), we use the following results i*" =1, i*"*' =4 i*"** = -1, i*"*’ = —i, wheren is

any integer.

i"=1,i,—1,— i, where n is any integer.

[Real and Imaginary Parts of a Complex Number: ]

If x and y are two real numbers, then a number of the form z = x +iy is called a complex number.

Here ‘x’ is called the real part of z and “y’ is known as the imaginary part of z. The real part of z is
denoted by Re(z) and the imaginary part by Im(z).

[Algebraic Operations with Complex Numbers: ]
Let two complex numbers z, =a+ib and z, =c +id
Addition : (@+ib)+(c+id)y=(a+c)+ib+d)
Subtraction : (@+ib)—(c+id)=(a—c)+ib—d)
Multiplication : (@ +ib)(c +id) = (ac — bd)+ i(ad + bc)
Division ar l:b _ax l:b) . G l:d) (Rationalization)
c+id (c+id) (c—1id)
a+ib _ (ac +bd) ibc —ad)
ct+id c*+d?  cr+d?
[Properties of Algebraic Operations with Complex Numbers: ]

Let z,,z, and z, are any complex numbers then their algebraic operation satisfy following
operations:
(i) Addition of complex numbers satisfies the commutative and associative properties
1€, z,+z, =z, +z, and (z, +z,)+z, =z, +(z, +z;).
(i) Multiplication of complex number satisfies the commutative and associative properties.
ie., z,z, =z,z, and (z,z,)z; = z,(z,2;).
(iii) Multiplication of complex numbers is distributive over addition
1.€., z,(z, +23)=2,2, +2z,z, and (z, +z;)z, = z,2, +2,2,.
(iv) Existence of Identity and Inverse:
0 =0+0i is the identity element for addition.

1 =1+0: is the identity element for multiplication.

The additive inverse of a complex number z =a+ib is —z (i.e. —a —ib).

T .1
For every non-zero complex number z, the multiplicative inverse of z is —.
z
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[Equality of Two Complex Numbers: ]

Two complex numbers z, = x, +iy, and z, = x, +iy, are said to be equal if and only if their real
parts and imaginary parts are separately equal.

X, +iy, =x, +iy, & x, =x,and y, =y,.

[Conjugate of a Complex Number: ]

If there exists a complex number z = a +ib, (a,b) € R, then its conjugate is defined as z = a—ib .

Properties of Conjugate: If z,z, and z, are existing complex numbers, then we have the following

results:
i) @)=z i)z, +z, =2, +z
1 T2 1 T2
(i) z, -z, =z, - z, (iv) z,z, =z, z,, Ingeneral, z,.z,.z,....2, = 2,.2,.2;.... 2,
z z . T
v) | =L |==, z,#0 i) @" =(=")
Z; Z;

(vii) z+Zz =2Re(z) =2Re(z)= purely real
(viii) z -z =2iIm(z) = purely imaginary

(ix) z, =z, &z, =2, xX)z=0<2z=0
[Reciprocal of a Complex Number: ]
For an existing non-zero complex number z =a +ib, the reciprocal is given by z™' = 1. | E|2
z z
[Modulus of A Complex Number ]

Modulus of a complex number z =a+ib is defined by a positive real number given by
| zl=Va? +52,
[Properties of Modulus: ]
@ [z[=[2[=|-=]=|-=]4 =|

(i) zz =|z|" 4 2|

(iii) | z,z, | =‘zl ‘ |z, |. In general, |z,2,z; ... z,| = |z, | |z, | | 23] 2,
oo |2 |- 12 (2, #0)
) |22
M| z"I=z]".neN
[Argument or Amplitude of a Complex Number: ]

Let z = a+ibbe any complex number. Then argument or amplitude of z and is defined as

arg (z) =0 = tan™! (Z)
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[Representation of Complex Number: ]

[Geometrical representation (Cartesian representation): ]
The complex number z =a +ib =(a,b) is represented by a point P Imaginary axis
whose coordinates are referred to rectangular axes XOX' and YOY' P(I,a’ P
which are called real and imaginary axis respectively. Thus, a complex [z = Va® + f’:\V real
number z is represented by a point in a plane and corresponding to 0| aM axis
every point in this plane there exists a complex number such a plane is J

called argand plane or argand diagram or complex plane or gaussian

plane.

Distance of any complex number from the origin is called the modules of complex number and is
denoted by |z, i.e., | z| =Va® +b*

Angle of any complex number with positive direction of x— axis is called amplitude or argument of

z.ie., amp (z)=arg(z)=tan "~} [%]

[Trigonometrical (Polar) representation:] z=r(cos@+isinf) =x+ iy

[Quadratic Equations: ]
The quadratic equation ax* + bx + ¢ = 0 has two roots, given by x = @ provided
b*—4ac>0,If b’ —4ac <0 the roots, given by x = @

[Square root of a complex Number: ]

Let \/x + iy be given root of complex number.

Take a + ib = ,/x + iy, square on both sides and equate real and imaginary part we get

x = a? + b? and y = 2ab. Solve these equations using (a® — b?)? = (a? + b?)? — 4a®b? and
find a and b
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LINEAR INEQUALITIES 6

CHAPTER
(LINEAR INEQUATIONS ) .
[(i) Linear inequation in one variable: ] I
ax +b >0,ax +b <0,cy +d > 0 etc. are called linear » a x
inequations in one variable. Graph of these inequations can . ° b0
be drawn as follows: o <;
The graph of ax +b5 >0 and ax +b <0 are obtained by -
dividing xy-plane in two semi-planes by the line x = 2 cy+d>o | y= —%
a

(which is parallel to y-axis). Similarly, for ¢y +d > 0 and b'd X
cy+d<0. S

Y
Rules for Solving Inequalities:

Thus, we state the following rules for solving an inequality:

Rule 1 Equal numbers may be added to (or subtracted from) both sides of an inequality
without affecting the sign of inequality.

Rule 2 Both sides of an inequality can be multiplied (or divided) by the same positive
number. But when both sides are multiplied or divided by a negative number, then the
sign of inequality is reversed.

[(ii) Linear Inequation in two variables: ] 7

General form of these inequations are ax +by > c,ax +by < c.
. . . . . ax+by=c
If any ordered pair (x,,y, ) satisfies some inequations, then it o Xrbys<e N

. : . . 0
is said to be a solution of the inequations.
ax+by>c

The graph of these inequations is given below (for ¢ > 0):

Working rule:
To draw the graph of an inequation, following procedure is followed:

y

(i) Write the equation ax + by = ¢ in place of ax + by <c¢ and ax +by > c.

(ii) Make a table for the solutions of ax + by =c.

(iii) Now draw a line with the help of these points. This is the graph of the line ax+by =c.

(iv) If the inequation is > or <, then the points lying on this line is not considered and line is drawn
dotted or discontinuous.

(v) If the ineuqation is > or <, then the points lying on the line is considered and line is drawn bold
or continuous.

(vi) This line divides the plane XOY in two region.
To Find the region that satisfies the inequation, we apply the following rules:
(a) Take an arbitrary point which will be in either region.
(b) If it satisfies the given inequation, then the required region will be the region in which the arbitrary
point is located.
(c) If it does not satisfy the inequation, then the other region is the required region.
(d) Draw the lines in the required region or make it shaded.
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[Wavy Curve Method:

The Method of intervals (or wavy curve) is used for solving inequalities of the form

(x —a)"(x —ap)" - (x — ap)"™
= > <
F(x) (= D)™ (x — by (x — b >00r<0or=00r<0

Where ny, na, ...... , Ry M1, M2, oo , my are natural numbers and the numbers a;, ay, ...... , ar, b,
by ...... , by are any real numbers such that a;, b, wherei=1,2,3, ...... ,kandj=1,2,3, ...... , P

WA AN
T \/

1. All zeros of the function f(x) contained on the left-hand side of the inequality should be
marked on the number line with inked (black) circles.

2. All points of discontinuities of the function f(x) contained on the left-hand side of the
inequality should be marked on the number line with un-inked (white) circles.

3. Check the value of f(x) for any real number greater than the right most marked number on
the number line.

4. From right to left, beginning above the number line (in case of value of f(x) is positive in
step (3), otherwise, from below the number line), a wavy curve should be drawn to pass
through all the marked points so that when it passes through a simple point, the curve
intersects the number line, and, when passing through a double point, the curve remains
located on one side of the number line.

5. The appropriate intervals are chosen in accordance with the sign of inequality (the function
f(x) is positive whenever the curve is situated above the number line, it is negative if the
curve is found below the number line). Their union represents the solution of inequality.
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PERMUTATIONS AND 7

COMBINATIONS
CHAPTER

[Factorial notation: ]

Let n be a positive integer. Then, the continued product of first # natural numbers is called factorial
n, to be denoted by n!. Also, we define 0! = 1.
when 7 is negative or a fraction, n! is not defined.
Thus,n!=n(n-1)(n-2)......3.2.1.
n!'=n[n-1)"]

[Fundamental Principles of Counting: ]

Addition principle: Suppose that 4 and B are two disjoint events (mutually exclusive); that is, they
never occur together. Further suppose that 4 occurs in m ways and B in n ways. Then 4 or B can
occur in m + n ways. This rule can also be applied to more than two mutually exclusive events.

Multiplication principle: Suppose that an event X can be decomposed into two stages 4 and B. Let
stage 4 occur in m ways and suppose that these stages are unrelated, in the sense that stage B occurs
in n ways regardless of the outcome of stage 4. Then event X occur in mn ways. This rule is applicable
even if event X can be decomposed in more than two stages.

[Permutation without Repetition: ]

Arranging n objects, taken r at a time "P, = (nr_”r)'

The number of arrangements of n different objects taken all at a time = "P, =n!
nPO = 1’17. and PT = n.n_l PT—l

[Permutations with Repetition: ]

Permutations of » different objects, taken r at a time = n”

Permutations of » different objects, taken all at a time = n™

The number of arrangements that can be formed using » objects out of which & objects are repeated
n!

Ny, Ny, ..., Ny times = PSS

@ombinations: ]

Each of the different groups or selections which can be formed by taking some or all of a number of

objects, irrespective of their arrangements, is called a combination.

The number of all combinations of » things, taken r at a time is denoted by "C,. or C(n,7)

[Combinations without Repetition: ]
The number of ways in which » objects can be selected from #» different objects is
" n!
T -
[Some Results: ]
() "B =71!"C, (@) "C, ="Cpr
B)"Cy="C,>x=yorx+ty=n A" ="C,=1
B)"C;=n (6) "c,+"c,, =""'c,
(7) "Cy+'C, +'C, +..o. 4C, = 2" (8) G _nor+l
n C,-_l r
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BINOMIAL THEOREM

8

CHAPTER
[Binomial Theorem for Positive Integral Index
(x+y)" ="Cox" " +"Cx" 'y +"Cy x" Py 4. +"C.x""y" +...... +"C, xy" T +"C x "
< n!
x+y)'=>» "C.x""y",where, "C,. =——— for 0<r<n.
(x +) Z X"y r—

[Some Important Expansions:

@D -»"="C,

x" 00 rC x" T Yy HC,x "y A () PC Ty e+ (1) "C x0T

@-p)' =) ) "Cx" "y

r=0

Q) A+x) ="Cyx’ +"Cx" +"Cyx? + . +"Cox" +.. +"Cx" Le., (1+x)

B) (A-x)="Cox’ ="Cix" +"Cyx* —ooe. +(=1) "C,x" + ... +(=1)""C,x"

d-x) =Y 1y "Ca”
r=0

(4) The coefficient of (» + 1) term in the expansion of (1 + x)" is "C,.

(5) The coefficient of x" in the expansion of (1 +x)" is "C,.

n
_ n r
= E C.x
r=0

[General Term:

Let T

r+l

denote the (» + 1) term - 7., ="C,x""y"

»

In the binomial expansion of (x — y)",T.,, =(-1)" "C,x""y"

In the binomial expansion of (1 + x)",7,,, ="C,x"

In the binomial expansion of (1 - x)', 7., =(-1) "C x"

[Middle Term:

The middle term depends upon the value of 7.

(1) When # is even: The total number of terms in the expansion of (x +y)" is n+1 (odd).

n/2 _ . n/2
n y

th
middle term = (%H] term or T{
2

} ="C, %

(2) When 7 is odd: The total number of terms in the expansion of (x +y)" is n+1 (even).

th
So, there are two middle terms i.e., (%} and (

n+3

gl ntl gl el

=7 2 2 =" 2 2
T[n;l] =g e "y e T(ﬁ] = Cou® "y

2 2

2 2

th
] are two middle terms.
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[Pascal's Triangle: ]
1 (x +y)
11 (x +)'
1 2 1 (x +y)
1 3 3 1 (x +y)
1 4 6 4 1 (x+y)*
1 5 10 10 5 1 (x+y)

Pascal's triangle gives the direct binomial coefficients.

(rt" term from the end: |

rt" term from the end = (n — r + 2)*" term from the beginning
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SEQUENCES AND SERIES 9
CHAPTER

[Progression: ]

A progression is a sequence whose terms follow a certain pattern i.e. the terms are arranged under a
definite rule.

[Arithmetic Progression (A.P): ]
A sequence of numbers ¢, is said to be in arithmetic progression (A.P.) when the difference ¢, — ¢, , is

a constant for all n € N. This constant is called the common difference and is denoted by d.

[Arithmetic Progression (A.P) General format: ]

If ‘@ is the first term and ‘d’ the common difference, then an A.P. can be represented as
a,a+d,a+2d,a+3d,........ a+(n-1)d

[To determine whether a sequence is an A.P. or not: ]

Step I: Obtain «, (the n'™ term of the sequence).

Step II: Replacenby n—11in a, to get a, ;.

Step III: Calculate a, —a,_, .

If a, —a, , is independent of n, the given sequence is an A.P. otherwise it is not an A.P.

[General Term of an A.P. ]
Let ‘@’ be the first term and ‘d’ be the common difference of an A.P. Then its n™" term is
T,=a+n—-1)d

[p“‘ Term of an A.P. from the end:

Let ‘a’ be the first term and ‘d’ be the common difference of an A.P. having n terms. Then p™ term
from the end is (n — p +1)" term from the beginning.

p?" term from the end = Thpsny =a+ (n—p)d

[Sum of n terms of an A.P: ]

The sum of n terms of the series a + (a +d)+(a + 2d) + ....... +{a+@n—1)d} is given by
Sn==[a+@m—-1)d]=>(a+D)

where / = last term = a + (n — 1)d

Arithmetic Mean: If a, 4, b are in A.P., then A4 is called A.M. between a and b.

[Insertion of terms of AP between two numbers: ]

(i) Single term. between a and b: If a and b are two real numbers then
a+b

single A.M. between a and b =

(ii) n termss between a and b: If 4,,4,,4,,......, A, are n terms between a and b, such that all the
terms form an AP then Common difference for inserting numbers is
b—a
T+l
Then the numbers are Ay =a+d,A4, =a+2d,Az; =a+3d, ..., A, = a+nd.
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[Geometric Progression (G.P.):

A progression is called a G.P. if the ratio of its each term to its previous term is always constant.
This constant ratio is called its common ratio and it is generally denoted by r.

[Geometric Progression (G.P) General format:

If a is the first term and 7 is the common ratio then a general G.P. will be in the form

2 3
a,ar,ar”,ar’,.....ar

[General term of a G.P:

The general term or n' term of a G.P.is T, = ar""!
T T

It should be noted that, r=—2=—"= ...
Tl TZ

p'" Term from the end of a G.P: If G.P. consists of ‘n’ terms,

p'™ term from the end = (n — p +1)" term from the beginning = ar" " .

n—1
p™ term from the end of a G.P. with last term / and common ratio » = [ (lj
r

[Sum of First ‘n’ terms of a G.P:

If a be the first term, » the common ratio, then sum S, of first » terms of a G.P. is given by

s, == <1 or S _a D
-~ r—

n n

» > 1

[Selection of terms in a G.P:

When the product is given, the following way is adopted in selecting certain number of terms:

Number of terms Terms to be taken
a
3 —,a,ar
r
a a 3
4 —,—.ar,ar
3
ror
a a 5
5 —, —, a4, ar, ar
rr

When the product is not given, then the following way is adopted in selection of terms

Number of terms Terms to be taken
2
a, ar, ar
4 a, ar, ar’,ar’
2 3 4
5 a, ar, ar’,ar’,ar

Steps in Evaluating Special Series:
Stepl: Find General Term a, and write in the for ) a,
Step2: Use following formulas to simplify the sum
»  n(n+1)2n+1)

(@) D n=1+2+3+..+n ;

(i) ) 0’ =P +2°+3F +....tn
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STRAIGHT LINES 1 0

CHAPTER

[Equation of the Axes: ]
(1)  Equation of x-axis: y =0
(2)  Equation a line parallel to x axis at a distance ‘a’ fromit: y =a
(3)  Equation of y-axis: x =0
(4)  Equation of a line parallel to y axis at a distance ‘a’ from it: x =a
[Slope of a Line: ]
The slope of a line joining two points (x,, y,) and (x,, y,) is given by

Y2 V1

X2 — X1

[Different Forms of the Equation of Straight Line: ]

One-point form: The equation of a line with slope m and passing through a point (x,, y,) is

Yy —y1=m(x—x;)
Two point form: The equation of a line passing through two given points (X, , y,) and (x, —y,) is
V2= N

y—y1—x2_x1(x—x1)

Slope intercept form:

y=mx+c
Where ‘m’ is the slope of the line and ‘¢’ is intercept made by the line on y axis
y=m(x —d)
Where ‘m’ is the slope of the line and ‘d’ is intercept made by the line on x axis

Intercept form: Equation of straight line which cuts off intercepts a and b on the axes of x and y
respectively is

x y
“+Z2=1
a+b

Normal form of a line: Equation of a straight line on which the length of the perpendicular form the

origin is p and w is the inclination of the perpendicular with positive direction of x-axis is

Xcosw+ysinw =p

General form: General form of a straight line is
ax + by + ¢ =0
where a, b, ¢ are any real numbers and a, b are not zero both at a time.

Particular Cases: Inax + by + ¢ = 0

a=0= by+c=0 which is a line parallel to x axis
b=0=ax+c=0 which is a line parallel to y axis
c=0=>ax+by=0 which is a line passing through origin.
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[Reduction of General Form of Equation into Standard Form ]

General form of equation ax + by + ¢ = 0 then its

Slope intercept form:

ax Cc a . c
y = —7——,here slope m = — »intercept ¢ = ——

Intercept form:
x y h g . _ e 0 . _ ¢
_(_5) + _(_E) = 1, here x intercept i1s = — 20y intercept 1s = — 5
b

a

Normal form:

To change the general form of a line into normal form, take

c

a q b
cosa= e sina = e and p = Tozibz
[Condition of Collinearity for Three Points: ]
The three given points A, B and C are collinear if

Slope of AB = slope of BC = slope of AC

[Angle Between Two Lines: ]
The angle 6 between two lines whose slopes are m| and my is given by
m; —m
tanf = ————
1+mym,

If the lines are parallel, then m; = m,

If the lines are perpendicular, then m; m, = -1

[Perpendicular Distance from a Point to a Line: ]

The perpendicular distance (d) of a line Ax + By+ C =0 from a point (x1, y1)
_ |Axy + By, + (|

VAZ + B?

d

[Distance Between Two Parallel Lines: ]

The distance between two parallel lines ax + by + ¢, =0 and ax + by + ¢, =0 is

c1—C
L le—al

va? + b?
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CONIC SECTIONS 1 1
CHAPTER

[Sets: ]
A set is a well-defined class or collection of objects. Represented by following methods

[Conic Section: ]

The curves obtained by intersection of a plane and a double cone in different orientation are called conic
section.

A conic section or conic is the locus of a point P, which moves in

such a way that its distance from a fixed point S always bears a M
constant ratio to its distance from a fixed straight line, all being in .
the same plane. ‘g
i constant = e (eccentricity) 8
PM
[Terms of Conic Sections: ]

Focus: The fixed point is called the focus of the conic-section.
Directrix: The fixed straight line is called the directrix of the conic section.
Eccentricity: The constant ratio is called the eccentricity of the conic section and is denoted by e.
If e =1, the conic is called Parabola.
If e <1, the conic is called Ellipse.
If e > 1, the conic is called Hyperbola.
If e =0, the conic is called Circle.

Axis: The straight line passing through the focus and perpendicular to the directrix is called the axis
of the conic section. A conic is always symmetric about its axis.

Vertex: The points of intersection of the conic section and the axis are called vertices of conic section.

Centre: The point which bisects every chord of the conic passing through it, is called the centre of
conic.

Latus-rectum: The latus-rectum of a conic is the chord passing through the focus and perpendicular
to the axis.

[Circle: ]

A circle is defined as the locus of a point which moves in a plane such that its distance from a fixed
point in that plane always remains the same i.e. constant.

The fixed point is called the centre of the circle and the fixed distance is called the radius of the
circle.

General equation of a circle: The general equation of a circle is

x> +y2+2gx +2fy+c=0,

Centre of the circle is (-g, —f).

Radius of the circle is 1/g” + f* —c.
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Central form of equation of a circle: The equation of a circle having

P(x,y
centre (4, k) and radius 7 is
(x—h)’ +@—k)? =r?
If the centre is origin, then the equation of the circle is
X2 +y2 — r2
[Parabola: ]
A parabola is the locus of a point which moves in a plane such Y P(x,
that its distance from a fixed point (i.e., focus) in the plane is always M 7»
equal to its distance from a fixed straight line (i.e., directrix) in the . x
same plane. S K
-
[Standard equation of the Parabola: ]

Let S (a, 0) be the focus ZZ'be the directrix of the parabola and (x,y)be any point on parabola.

and the equation of directrix is x = —a then, the equation of the parabola is

y? = 4ax
[Some terms related to parabola: ]
For the parabola y* = 4ax
Y @ o
L
M ====—1 =X x=a
Directrix —
Vertex Focus X
Z A (54,0 Axis
T je— Latus rectum
N ’
:
= Lr'¥_
y (a, —2a)

Axis: For the parabola y? = 4ax, x-axis is the axis. Parabola y? = 4ax is symmetrical about x-axis.

Vertex: For the parabola y* = 4ax, A4(0,0)i.e., the origin is the vertex.
Latus-rectum: Length of latus rectum LL' = 4a.

[Some other Standard Forms of Parabola: ]
Parabola opening to left Parabola opening upwards ~ Parabola opening down wards
yZ = —4ax x? = 4ay x2 = —4ay

Y S
L, !
y N
Id =
Scan 4 |2
1 LI
LI
Y X
y+ta=0 Z M
Y
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Important terms y? = 4ax y? = —4ax x* = 4ay x* = —4ay
Coordinates of vertex 0, 0) (0, 0) (0, 0) (0, 0)
Coordinates of focus (a, 0) (=a, 0) 0, @) 0, —a)
Equation of the xX=-a x=a y=—a y=a
directrix
Equation of the axis y=0 y=0 x=0 x=0
Length of the latus 4a 4a 4a 4a
rectum

[Ellipse: ]

An ellipse is the locus of a point which moves in such a way that its distance from a fixed point is in
constant ratio (<1) to its distance from a fixed line. The fixed point is called the focus and fixed line
is called the directrix and the constant ratio is called the eccentricity of the ellipse, denoted by (e).

[Standard equation of the Ellipse: ] %
Let S be the focus, ZM be the directrix of the ellipse and £ I 0,5 | peey) E':_;
P(x,y)is any point on the ellipse, g PPy H
(6,) 2 YP2 p | 2l IR PR MG x
X 2 _1, where b’ =a*(1—¢?)and a> b A"\ S Coe) Sael) j4 |Axis
a’ b’ -a0) @0)
A D . 0,-B) |B
Centre: The point which bisects each chord of the ellipse @
passing through it, is called centre (0,0) denoted by C. peiate " "

Major and minor axes: The diameter through the foci, is
called the major axis and the diameter bisecting it at right angles is called the minor axis. The major
and minor axes are together called principal axes.
Length of the major axis 44’ = 2a, Length of the minor axis BB'=2b
Vertices: The extremities of the major axis of an ellipse are called vertices.
The coordinates of vertices 4 and A4’ are (a, 0) and (—a, 0) respectively.
Foci: S and S’ are two foci of the ellipse and their coordinates are (ae, 0) and (—ae, 0) respectively.
Distance between foci SS’ =2ae .

Directrices: ZM and Z'M' are two directrices of the ellipse and their equations are x = Land x =-2
e e

respectively.

2 2 2
Eccentricity of the ellipse: For the ellipse Z—z + Z—z =1, e= \[ 1-— %

Latus-rectum: Chord through the focus and perpendicular to the major axis is called its latus rectum.
2b*

Length of latus rectum LL'=L,L| =
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[Equation of Ellipse in other form:

2 2 Y
. . x y _ . 2 2 .
In the equation of the ellipse = + Pl 1,if a <b or a” < b~ (denominator y=ble -
A(0.b)

of x?is less than that of y?), then the major axis of the ellipse lies along the y-

axis and is of length 25 and the minor axis along the x-axis and is of length 2a.

The coordinates of foci S and S are (0, be) and (0, — be) respectively. X' 7
The equation of the directrices ZK and Z'K'are y =+b/e cad)
2
Eccentricity e is given by the formula a* =b*(1 —e?) or e = |1 - Z_Z .
y=-b/e
Y
Ellipse x* y?
p 5
a?  b?
Fundamentals
Fora>b Forb>a
Centre (0, 0) (0, 0)
Vertices (£a,0) (0, £b)
Length of major axis 2a 2b
Length of minor axis 2b 2a
Foci (tae, 0) (0, +be)
Equation of directrices x = ta/e y==b/e
Relation in @, b and e b? = a’(1-e?) a’? =b%*(1—e?)
2 2
Length of latus rectum & 21
a b
.. b? a?
Eccentricity e= |1— = e= [1-— 5
bZ aZ
Ends of latus-rectum (iae, + ;) <i 5 ibe)

[Hyperbola:

]

A hyperbola is the locus of a point in a plane which moves in the plane in such a way that the ratio
of'its distance from a fixed point in the same plane to its distance from a fixed line is always constant

which is always greater than unity.

Fixed point is called focus, fixed straight line is called directrix and the constant ratio is called

eccentricity of the hyperbola. Eccentricity is denoted by e and e > 1.
Standard equation of the Hyperbola:
Let S be the focus, ZM be the directrix and e be the

eccentricity of the hyperbola, then
2 2
X Y 2 2,2
——-2—=1,where b” =a’(e” -1
a’> b? )

Il Directrix

This is the standard equation of the hyperbola.
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Centre: All chords passing through C are bisected at C. Here C(0,0)

Vertex: The point 4 and 4’ where the curve meets the line joining the foci S and S’ are called vertices
of hyperbola. The co-ordinates of 4 and 4" are (a, 0) and (- a, 0) respectively.

Transverse and conjugate axes: The straight line joining the vertices A and A’ is called transverse
axis of the hyperbola. The straight line perpendicular to the transverse axis and passing through the
centre is called conjugate axis.

Transverse axis = 44" =2a
. e b2
Eccentricity: e = |1+

Conjugate axis = BB’ =2b
Latus-rectum: The chord of the hyperbola which passes through the focus and is perpendicular to
its transverse axis is called latus-rectum.
, 2
Length of latus-rectum LL = % =2a(e?-1)

Foci and directrices: The points S(ae,0) and S'(-ae,0) are the foci of the hyperbola and equations

o . a a .
or directrices are x = — and x = —— respectively.
e

e
[Conjugate Hyperbola:
The hyperbola whose transverse and conjugate axis are respectively
the conjugate and transverse axis of a given hyperbola is called
conjugate hyperbola of the given hyperbola.

B(0, b) y=ble

X —
VA y=-ble

Hyperbola 2y 1 2y
Fundamentals af bt bat
Centre (0,0) (0, 0)
Length of transverse 2a 2b
axis
Length of conjugate 2b 2a
axis
Foci (tae, 0) (0, xbe)
Equation of directrices x = ta/e y==b/e
Eccentricity m m

o e B
Length of latus rectum 2b? 2a?
a b
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CHAPTER

[Co-ordinates of a point in space: ]

Let O be a fixed point, known as origin and let OX, OY and OZ be three mutually perpendicular lines,
taken as x-axis, y-axis and z-axis respectively, in such a way that they form a right-handed system.

The planes XOY, YOZ and ZOX are known as xy-plane, yz-plane and zx-plane respectively.

Let P be a point in space and distances of P from yz, zx and xy-planes be x, y, z respectively (with
proper signs), then we say that co-ordinates of P are (x, y, z).

OA=x,0B=y,0C=_z.
The three co-ordinate planes (XOY, YOZ and ZOX) divide space into eight parts and these parts are
called octants.
Signs of co-ordinates of a point:

Octant | OXYZ | OX'YZ | OXY'Z | OX'YZ | OXYZ | OX'YZ | OXYZ | OX'YZ
co-
ordinate
X + — + — + — + -
y + + = = + + = —
+ + - = = —
[Distance Formula: ]

The distance between two points A4(x,,y,,z,) and B(x,,y,,z,) is given by

AB :\/[(xz _xl)z +(, _J’1)2 +(z, _21)2]
[Distance from origin: ]

Let O be the origin and P(x, y, z) be any point, then

OP = (x> +y? +z%).
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[Section Formulas: ]

[Section Formula for Internal Division: ]
Let P(x,,y,,z,) and O(x,,,,2,) be two points. Let R be a point on the line segment PQ such that it

divides the join of P and Q internally in the ratio m, : m, . Then the co-ordinates of R are

(mlxz TmyXy My, tmyy, mz, +m221J

B b
m, +m, m, +m, m, +m,

[Section Formula for External Division: ]

Let P(x,,y,,z,) and O(x,,¥,,z,) be two points, and let R be a point on PQ produced, dividing it

externally in the ratio m, :m, (m, #m,). Then the co-ordinates of R are

B b

(mle TMLX, My, —myy, m,z, _mzzlJ

7 Y] iy =ity m | S
[Co-ordinates of the Midpoint: ]
When division point is the mid-point of PQ then ratio will be 1 : 1, hence co-ordinates of the mid
point of PQ are

2 2 7 2

[Co-ordinates of the General Point: ]

(xl tX, VitV Z +sz

The co-ordinates of any point lying on the line joining points P(x,,y,,z,) and O(x,,7,,z,) which
divides PQ in the ratio k£ : 1 may be taken as

kx, +x, ky, +y, kz, +z,
k+1 ° k+1 ~ k+1

[Co-ordinates of the Centroid of a Triangle: ]
If (x,,,,2,),(x,,v,,2,) and (x;,y,,2z5) are the vertices of a triangle, then co-ordinates of its

centroid are ( 3 , )

X, +X,+Xy Yy, Yy, +Y, zy tz, +2,
3 3
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LIMITS AND DERIVATIVES 1 3
CHAPTER

[Limit of a function: ]

Let y = f(x) be a function of x. When x tends to a value a then f(x) will tend to a value called limit of
that function it is denoted by

lim f(x).
[Left Hand and Right-Hand Limit: ]
Left-Hand Limit of f(x) atx =ais: fla—0)= lim f{x)= Lirrgf(a —h)

Right-Hand Limit of f(x) atx =ais: fla +0)= lim f(x) = %inolf(a + h).

Existence of Limit: lim f(x) exists when,
x—a

(i) lim f(x) and lim f{(x) existi.e. L.H.L. and R.H.L. both exists.
x—a~ x—a*

(ii) lim f(x)= lim f(x) i.e. LH.L. =RH.L.

[Fundamental Theorems on Limits: ]

If lirré f(x)=1 and lirré g(x)=m (Il and m are real numbers) then

() lim(fx) + g(x)) = [+ m @) lim(f(x)— g(x)) = —m
() lm(7(x).g(x)) = L.m C)) chl_f)falk S =kl
@) iml =L s ©) T = {lim fx)} "
x—a g(x) m x—a x—a
[Limit Formulas: ]
@ 1m3F _ 1 fim—~ i) 1im22% 1 lim
x—=>0 x x—0 sIn x x>0 x x—0 tan x
(iii) limcos x = 1 (iv) lim —S%* _
x—0 x—0 X
e o o.a =1
(v) lim =1 (vi) lim =log, a
x—0 X x—0
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[Derivatives: ]

Suppose f is a real valued function and a is a point in its domain of definition. The derivative of f
at a is defined by

f'(a)=limf(x):£(a) =1imf(“+hz—f(a)

x—a X h—0

Suppose f is a real valued function, the function defined by

dy_d o= lim L D~ f(X)
=)= lmm e
[Formulas: ]
i -4 () = (i) L (ax)” = n(ax)'a
dx dx
(i) i(sin X)=CoSXx (iv) i(cos X)=sinx
dx dx
v) i(tan X)=sec’ x (vi) i(cos €C X) =—Ccosec x cot x
dx dx
od B oo d _ 2
(vii) a(sec X)=secxtanx (viii) I (cotx)=—cosec® x
(ix) ;—x(a") =a*loga (x) %f(ax+b) = f'(ax+b) Xa
(xi) = (e*) = e* (xii) = (e*+0) = ge®+
(xiii) == (logx) == @iv) = (V) = ﬁ;
o ()= =
[Algebra of Derivatives: ]

Sum and difference rule: i(f(x)J_r g(x)) = i(f(x))J_r i(g(x))
dx dx dx

Product rule: () < (flx)g () = ) 0)+ g0 /1)
x dx dx
.o d dw du dv
(i) —@vw)=uv.— +vw.— +uw.—
dx dx dx dx
Scalar multiple rule: koo = k- i)
dx dx

d d
d ( f(x)]z g)— ()= fix) - ~(&(x))

Quotient rule:
dx (g(x))’

, provided g(x) =0
g(x)
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MATHEMATICAL REASONING 1 4
CHAPTER

[Statement: ]

A statement is an assertive sentence which is either true or false but not both a true statement is called
valid statement. Otherwise it is called invalid statement. Statements are denoted by the small letters

ie.,p,q,T... et

[Open and Compound Statement: ]

A sentence which contains one or more variable such that when certain values are given to the variable
it becomes a statement, is called an open statement.

If two or more simple statements are combined by the use of words such as ‘and’, ‘or’, ‘not’, ‘if’,
‘then’, ‘if and only if ‘, then the resulting statement is called a compound statement.

(Truth Value and Truth Table: |
A statement can be either ‘true’ or ‘false’ which are called truth values of a statement and it is
represented by the symbols T and F, respectively.

[Elementary Operation of Logic: ]

(i) Conjunction: A compound sentence formed by two simple sentences p and q using connective
‘and’ is called the conjunction of p and q and it is represented by p A q.

(ii) Disjunction: A compound sentence formed by two simple sentences p and q using connectives
‘or’ is called the disjunction of p and q and it is represented by p V q.

(iii) Negation: A statement which is formed by changing the truth value of a given statement by using
the word like ‘no’, ‘not’ is called negation of given statement. If p is a statement, then negation of p
is denoted by ~ p.

(iv) Conditional Sentence: (Implication) Two simple sentences p and q connected by the phase, if
and then, is called conditional sentence of p and q arid it is denoted by p = q.

(v) Biconditional Sentence: (Bi-implication) The two simple sentences connected by the phrase, ‘if
and only if this is called biconditional sentences. It is denoted by the symbol ‘<.

[Table for Basic Logical Connections: ]
p q ~p pAq pVvVaq pP=q | p=4g
T T F T T T T
T F F F T F F
F T T F T T F
F F T F F T T
[Tautology and Contradiction: ]

The compound statement which are true for every value of their components are called tautology.

The compound statements which are false for every value of their components are called contradiction
(fallacy).
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(Truth Table

Tautology Contradiction
p q p=q q=p
p=qVvVq=>p p=>qVq=>p
T T T T T F
T F F T T F
F T T F T F
F F T T T F

[Quantiﬁers and Quantified Statements:

(i) The symbol Vv’ stands for ‘all values of’. This is known as universal quantifier.

(ii) The symbol ‘3’ stands for ‘there exists’. The symbol 3 is known as existential quantifier.

[Quantiﬁed Statement:

An open sentence with a quantifier becomes a statement, called a quantified statement.

[Negation of a Quantified Statement:

(i) ~{Vx€A:p(x)istrue} = {3 x € A such that (s.t.) ~ p(x) is true}
(ii) ~{3Ix € A :p(x)istrue} = {Vx € A : ~p(x) is true}

[Laws of Algebra of Statements:

Idempotent Laws:

@pVp=p
Associative Laws:

@@PvgVvr=pVv(qVr)

Commutative Laws:

(@pVvVq=qVp
Distributive Laws:

@pV@AD=PVYA(PVT)
De Morgan’s Laws:

@~pVah=EpAG_9

Identity Laws:
(@pAF=F

Complement Laws:

@pVv(p=T

b)pAp=p

®)(PAQAT=pA(QAT)

(b)pAq=qAP

®)pA@VD=(PAQV(pAT)

b ~PAP=(p) V(-9

®)pAT=p (¢)pVT=T (dpVF=p

(b)pA(~p) =F

©~Cp)=p (H~T=F,~F=T

[Important Points to be Remembered:

(i) The number of rows of table is depend on the number of statements.

(a) If p is false, then ~ p is true.
(b) If P is true, then ~ p is false.
(i1) (a) The converse of p => q is q => p.

(b) The inverse of p=>qis~p=>~q.

(ii1) The contrapositive of p =>qis ~q=>~p.

A statement which is neither a tautology nor a contradiction is a contingency.
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[Measure of Dispersion: ]
Range: It is the difference between the values of extreme items in a series.

Range = Xmax — Xmin
The coefficient of range (scatter) = % .

max min

[Mean deviation for raw data: ]
MD about A == leT_Al
MD about Median M = @
MD about Mean x = @ where X = %
[Mean deviation for Frequency Data: ]
MD about A = = w
MD about Median M = W
MD about Mean x = %ﬂzl where N = ) f and x = 22%
[Mean deviation for Class Frequency Data: ]
MD about A = = w
MD about Median M = W
MD about Mean x = W where N = ) f, x = midpoint of classes and X = %

[Variance for raw data: ]

_ X -0 ¥t
- X
n

[Variance for frequency data:

IO G Vi

[Standard deviation for raw data: ]
Standard deviation is denoted by ¢ and is defined as

o=+V(x)

[Short cut method: ]

Ifd = % ; where A=Assumed mean, /= class interval

Then o, = h?0, where

o [%fa? (xfay? o [zaz [(za\?
M oa = |27~ (57) o= =--(%)
[Coefficient of Variation: ]
o
C.V. =—
(x) Z

If CV(x) > CV(y) then x has more variation than y

www.uniqueworldedu.com

Dubai and Abu Dhati
Contactus onTel +971 4 357 4415 Ted: +971 2 627 8480

India's first Medical and Engineering Entrance Exam Coaching Centre by Prof. P.C THOMAS now in UAE

Page | 38



PROBABILITY 1 6
CHAPTER

[Terms and Definitions: ]

Deterministic experiment: Those experiments which when repeated under identical conditions
produce the same result or outcome are known as deterministic experiments.

Random experiment: If an experiment, when repeated under identical conditions, do not produce
the same outcome every time but the outcome in a trial is one of the several possible outcomes then
such an experiment is known as a probabilistic experiment or a random experiment.

Sample space: The set of all possible outcomes of a trial (random experiment) is called its sample
space. It is generally denoted by S.

Event: An event is a subset of a sample space.

Equally likely events: Events are equally likely if there is no reason for an event to occur in
preference to any other event.

Mutually exclusive or disjoint events: Events are said to be mutually exclusive or disjoint or
incompatible if the occurrence of any one of them prevents the occurrence of all the others.

Independent events: Events are said to be independent if the happening (or non-happening) of one
event is not affected by the happening (or non-happening) of others.

Dependent events: Two or more events are said to be dependent if the happening of one event
affects (partially or totally) other event.

Exhaustive number of cases: The total number of possible outcomes of a random experiment in a
trial is known as the exhaustive number of cases.

Favorable number of cases: The number of cases favorable to an event in a trial is the total
number of elementary events such that the occurrence of any one of them ensures the happening of
the event.

Mutually exclusive and exhaustive system of event: If £ ,E,,....., E, are elementary events

associated with a random experiment, then
(W) EEnE, =¢ forizj and (i) £, VE, U...UE, =S
So, the collection of elementary events associated with a random experiment always form a system
of mutually exclusive and exhaustive system of events.
[Classical Definition of Probability: ]

If a random experiment results in » mutually exclusive, equally likely and exhaustive outcomes, out
of which m are favorable to the occurrence of an event 4, then the probability of occurrence of 4 is
given by

P(d)= m _ Number of outcomes favourable to 4 - always 0 < P(4) < 1.
n

Number of total outcomes

Further, if 4 denotes negative of 4 i.e. event that 4 doesn’t happen, then for above cases m, n; we
shall have

n—m

P(4) = —1-" —1-P(4) and P(4)+ P(4)=1.
n
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Notations: For two events 4 and B,

(i) A' or 4 or A€ stands for the non-occurrence or negation of 4.

(i1) A L B stands for the occurrence of at least one of 4 and B.

(iii) A N B stands for the simultaneous occurrence of 4 and B.

(iv) A' N B’ stands for the non-occurrence of both 4 and B.

[Odds in Favor and odds Against an Event:

Number of favourable cases

Odds in favor of an event £ =

_a _a/(aer)= P(E)

Number of unfavourab le cases

b blla+b) PE)

Number of unfavourab lecases b _ P(E)

Similarly, odds against an event £ =

Number of favourable cases

a PE)

[Addition Theorems on Probability:

P(A U B) = P(A)+ P(B)— P(A " B) or

P(AUBUC)=P(A)+ P(B)+ P(C)— P(AB)~ PBC)— P(C A A)+ P(ABAC)

[When events are mutually exclusive:

If A and B are mutually exclusive events then, P(4 U B) = P(4)+ P(B).
For any three events 4, B, C which are mutually exclusive, P(4 W BUC)= P(4)+ P(B)+ P(C).

[When events are independent:

If 4 and B are independent events then P(4 U B)= P(4)+ P(B)— P(4).P(B).

Some other theorems:

Let 4 and B be two events associated with a random experiment, then

(a) P(4 N B)= P(B)— P(A N B)
If B < A, then P(4 N B)= P(A)— P(B)
If A © B, then P(4 N B) = P(B)— P(4)

Probability of occurrence of neither 4 nor B is:

(b) P(4 " B)= P(4)— P(4 N B)

P(ANB)=P(AUB)=1-P(4UB).

Verbal description of event

Equivalent Set Theoretic Notation

(i) Only A occurs (i) AnBNC

(i1) Both A and B, but not C occur (i) AnBNC
(1i1) All the three events occur (i) AnBNC
(iv) At least one occurs (iv) AuBUC

(v) At least two occur

V) (ANnB)u(BNC)u(AnC)

(vi) One and no more occurs

i) (ANBNC)U(ANBNC)U(ANBNC)

(vii) Exactly two of A, B and C occur

vii) (ANBNC)U(ANBNC)U(ANBNC)

(viii) None occurs

(viii) AnBNC=AUBUC

(ix) Not more than two occur

(ix) (AN B)UBNC)U(ANC)—(ANBNC)

(x) Exactly one of A and B occurs

(x) (ANB)U(ANB)
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