INVERSE TRIGONOMETRIC FUNCTIONS
AND THEIR GRAPHS

After studying this unit, students will be able to:

] * Find domain and range of the principal trigonometric functions and inverse
trigonometric functions.

« Draw graphs of the inverse trigonometric functions of cosine, sine, tangent, secant,
cosecant and cotangent within the domain from —2n to 2x.

State, prove and apply the addition and subtraction formulae of inverse trigonometric
functions. -

Apply concepts of inverse trigonometric functions to real life word problems, such as
mechanical engineering, architecture to find height of the building, angle of elevation
and depression, identifying the angle of bridges to build scale models.

Inverse Trigonometric Functions play a crucial role in mathematics, particularly in calculus,
geometry, and engineering, by enabling the determination of angles from known trigonometric
function values. These functions are also essential in fields such as physics, engineering, and
computer graphics. They are widely used to solve equations involving trigonometric functions,
analyze periodic phenomena, and develop algorithms for 3D rendering and modeling. A solid
understanding of these functions and their properties allows us to address complex problems in both
theoretical and applied mathematics, making them a powerful tool in any mathematician’s toolkit.




8.1 The Inverse Trigonometric Functions

Inverse trigonometric functions are the inverse operations of basic trigonometric functions
cosine, sine, tangent, secant, cosecant, and cotangent.
The primary inverse trigonometric functions include:

» ArccosorCos™ the inverse of cosine function.
Arcsin or Sin™"  the inverse of sine function.
Arctan or Tan™  the inverse of tangent function.
e ArcsecorSec® the inverse of secant function. !
» ArccscorCsc™®  the inverse of cosecant function. Overlay of all six trigonometric
= ArccotorCot™ the inverse of cotangent function. function on one graph

These functions are used to find the angle whose trigonometric function value is given. For
example, if we know that the cosine of an angle is 0.5, we can use the arccosine function to find

the angle which is 60° nrg radians.

8.1.1 The Principal Cosine Function 5 l‘&;a‘t:ﬂlat Principal and Inverse Trigonometric
Consider the following graph of cosine function, | functions are written in capital letters; e.g.,

: SR . i cosine function:
You will observe that an infinite number of x ;

: ¥ = cos x with xe(—00, +), ye(—oo,+e0)
values are found for which y = cosx = 0.5 for | Principal Cosine function:
each x € (—o0, +o0),

| y = Cosx with xe [—g*;—r], ye[—1, 1]
By this, one can record infinitely many solutions ! Cnsme inverse function:

e i L |

to the equation cosx = k where k € [-1,1]. i J’ Cos™ x with xe[-1, 1], ye [_ z _]
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If we need an interval for x where there is only one solution to cosx = k for k € [=1,1], we

choose the interval from 0 to . We have an option to consider an interval x € [, 2rr] or many
others. It is a mathematical convention to choose x € [0, 7] A e

In the interval [0, 7], we can find a unique solution y = Cosx
to the equation Cos x = k, where k € [—1, 1].

We write this solution as x = Cos™! k.

In other words, “x is a real number in the interval

[0, ] whose cosine is k™.

The cosine function defined on x € [0, 7] for which
there is only one solution of the equation Cos x = k
where k € [-1,1] is called the Principal Cosine Function.  ~'¥




Example 1: Find the principal value of Cos™ (-3)
Solution: Lety = Cos™? (-—i—) then Cosy = —%, where y € [0,7]

Consider Cosy = — : We need to find y whose cosine value is — %
2 2
= Cosy = Cos = Since Cos y < 0 = y lies in Quad IL.
3 y

-y=2 = (1)

8.1.2 The Inverse Cosine Function

For the cosine function y = Cos x where x € [0, 7] and

y € [-1, 1], we define an inverse cosine function

y = Cos~(x) where x € [-1,1] and y € [0, ]. y=Cos'x .

For x € [-1,1], y = Cos™* x is a real number in the "\

interval [0, ] whose cosine is x. — }

In view of above, we observe that: _ = = "
Cos~1(1) = l} since Cos(0) =1
- . m

Cos™3(0) = dooe CB[E)S0 . T L e

Cos™1(-1) = 1t since Cosm= —1 If y = Cos x with
8.1.3 The Domain and Range of Inverse Cosine Function xe[0,n];ye[-11] !

To find the domain and range of inverse trigonometric function, : then
switch the domain and range of the original function. y = Cos™'(x) with !
For the cosine function y = Cos x xe[-1,1];ye[0,7]
Domain = [0,n] and Range = [-1,1] =~ 7 e
For the inverse cosine function y = Cos™ x
' Domain = [—1,1] and Range = [0, n]

{ ------------------------------------------- B T e

: The inverse tngonomctn: ﬁ.lncnnn s domain is a real number and its range is a rca!

EErsEEL R

--------------------------------------------------------------------------------------------------------------

Since graph of the inverse trigonometric function is a reflection of the graph of the ongmal .
function about the line y = x.

Therefore, to graph the inverse trigonometric function, we use the graph of the trigonometric
function restricted to the domain specified earlier and reflect the graph about the line y = x as .
shown below. X "

{_|1 :Il']
14

¥ = Cos™ ' x

(0, 1) 9
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8.1.4 The Principal Sine Function
To define pringipal sine function, we need an interval for x where there is only one solution to

sinx = k for k € [—1, 1]. Such a solution is possible in the interval [—g,-:-]

In the interval [—%.%], we can find a unique solution to the equation Sin x = k, where

k € [—1, 1]. We write this solution as x = Sin~* k.

In other words, “x is a real number in the interval [— ;—r,;—' whose sine value is k.

The sine function defined on x € [—;,-;5 for which there is only one solution of the equation
Sin x = k where k € [—1,1] is called the Principal Sine Function.

z1” : Rm |
¥ = Sinx : Sinx = sinx ; xe[—i,-z—

: » Sin~! and sin are not inverses
of each other (They do not
cancel each other)

:  sin does not have an inverse

- : ® The functions that are inverses
(=3.-1) 5 ¢ are Sin™! and Sin.

L L T T T T SR
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Example 2: Find the principal value of Sin~* (— %)

Solution: Lety = Sin™! (— Tli) then Siny = — lﬁv where y € [_'rzi':"]

Consider Siny = — % [We need to find y whose sine value is — % A
= Siny = Sin (— f) Since Siny < 0 = ylies in Quad-IV. I _'. mm
=ay=--:-' : Findﬂiﬂprinfipalwluuof
s (-3)= -3 0 S
(i) cos* ()

8.1.5 The Inverse Sine Function

For the sine function y = Sin x where x € [——:—,’z-r] 1Y y=Sn"'x
xl

and y € [-1, 1] we define an inverse sine function p

y = Sin~(x) where x € [~1,1] and y € [_gg]

In view of above, we observe that:

Sin“1(-1) = —% since  Sin (— ;—t) = —1
sin~! (%) =1 since  sin(F) =+
Sin1(1) = = since  sin(3) =
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8.1.6 The Domain and Range of Inverse Sine Function
To find the domain and range of inverse trigonometric ﬁmﬁtiun. switch the domain and range of

the original function. gasenshanincanaens s
For the sine function y = Sin x i If_',-r Smanhxe[—— ] yE{ 11]
Domain = [-—-E,;fr] and Range = [-1,1] ~ i Then y = Sin™*(x) with :

mmsmE

kL
For the inverse sine function y = Sin™' x xe[-L1]ye [-g.;]

Domain = [-1,1] and Range = [__ ¥

Since graph of the inverse trigonometric function is a reflection of the graph r.:nf the original
function about the line y = x.
Therefore, to graph the inverse trigonometric ﬁlnctinn, we use the graph of the trigonometric

function restricted to the domain specified earlier and reflect the graph about the line y = x as
shown below.

¥ - axix ;I v Y y=Sn"'x
" y
/ y = Sinx
1
-+ = x — axis
L ] n2
7"
® The expression Sin~! x is not the same as —. In other words, —1 is not an exponent.

SI
It simply means the inverse function.

Remember that there will be no solution if k lies outside the interval [—1, 1]
Cosx = cosx; x€[0,m]

Cos~! and cos are not inverses of each other. (They do not cancel each other)
cos does not have an inverse The functions that are inverses are: Cos™! and Cos

8.1.7 The Principal Tangent Function

We know that an infinite number of x values can be found from y = tanx = 1
foreach xe R — (Zn + 1)% where n € Z. By this, one can record infinitely many solutions to
the equation tanx = k where k € (—co, +0). If we need an interval for x where there is only one

solution to tanx = k for k € (=00, +), we choose the interval between — g and + %

In the interval (—Eg) we can find a unique solution to the equation Tanx = k,

where k € (—o0, ).
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We write this solution as ¥ = Tan™? k. In other words, .
“x is a real number in the interval (— 325 4 :4) whose tangent

value is k. The tangent function defined on x € (—E,’—;) L4

ulill

for which there is only one solution of the equation
tan x = k where k € (—oo, o) is called the Principal
Tangeﬁt Function.

; + :
oo e * B -=

| 4 ' 4 Bk e A S AN kA R Akda
% ! 4 i

| ¥ = Tanx : Tan.tmtlnx;xe(-——z-.;) ; }
i ' ; Tan™?! and tan are not inverses f
- : of each other :
: : : i (They do not cancel each other) :
i _ wl ' tan does not have an inverse ;
L : :
‘4 i The functions that are inverses are :
i -1 H
v + 4 Tan™" and Tan |
- —W brsssasnsnanssnsnsesd and saaEmaad 'TITIt L

Example 3: Find the principal value of Tan~1(v/3).
Solution: Lety = Tan™*(V3) if and only if Tany = v/3, where y € ("E‘;)

Consider Tany = V3 [ We need to find y whose tangent value is V3]
= Tany = Tan (E) Since tany > 0 = y lies in Quad 1.
=¢y=§ =Tan‘1(w/_§)=g | P 5
. 8.1.8 The Inverse Tangent Function 2t y=Tanlx
For the tangent function y = Tan x where x € (—E,E T R -TI- ----- {::;_
. Y € (—o0, +00), we define an inverse tangent function = 4 * G
y = Tan"1(x) where x € (—o, +0) and y(x) € (—_ E’zE . — ____jij;'_ __________
In view of above, we observe that: -L,-% . T : |
Tan™1(—o0) = —E since Tan (—E = oo -3t 7
Tan™'(1) = :-1 since  Tan G) =1 . - _
Tan"1(0) =0 since Tan(0) =0

Find the principal value of Tan™?! (- %).

-1 i 1 : wy
Tan™"(w) = = since Tan (z) =
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8.1.9 The Domain and Range of Inverse Tangent Function

To find the domain and range of inverse trigonometric function, switch the domain and range uf

the original function. prassnseassanssanssasse
If Tan x with

For the tangent function y = Tan x o wi

E XEl—, ryE( m,m)
Domain = | —= )andﬂange._(—m ) :the£ 2 z)

: ¥ = Tan™1(x) with
: xE(—m nn) ye(—— =

For the inverse tnngent function y = Tan™' x

.Domain = (—oo, ) and Range = —% E)

-
e e e T

Since graph of the inverse trigonometric
function is a reflection of the graph of the
original function about the liney = x.

Therefore, to graph the inverse trigonometric
function, we use the graph of the trigonometric
function restricted to the domain specified
earlier and reflect the graph about the line y = x --”"
as shown in figure.

'y

sl

8.1.10 The Principal Cotangent Function

To define principal cotangent function, we need an i L
interval for x where there is only one solution to 5

cotx = k for k € (—o0, +0). Such a solution is
possible in the interval between 0 and m. In the
interval (0, 1), we can find a unique solution to

{2 y = Cotx

the equation Cot x = k, where k € (—oo, ). 0 -l
We write this solution as x = Cot™ k.

The cotangent function defined on x € (0, ) for

which there is only one solution of the equation {2

Cot x = k where k € (—o0, o) is called the i '

Principal Cotangent Function.
Example 4: Find the principal value of Cot™*(—v3)

Solution: Lety = Cot™'(—v3) if and only if Coty = —V3, where y € (0, 7).
Consider Coty = —v3  [We need to find y whose cotangent value is — V3]

Tany=—% Since, Tany < 0 = Coty < 0 = y lies in Quad Il

=I'*'l':.-'il't'_)r=Treu:1(_§) ﬂ 'E_.- _—
wymiy SRR Find the principal value of Cot (1)

-
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8.1.11 The Inverse Cotangent Function

For the cotangent function y = Cotx

where x € (0, ) and f(x) € (—o0, +00),

we define an inverse cotangent function

y = Cot™(x) where x € (—o0, +0)

and y € (0, m).

In view of above, we observe that:

Cot™1() =0 since Cot(0) =00 .
Cot™1(0) =3 since  Cot(3) =0
Cot™1(—)=m since Cot(w)=—o

- R SR e N
Yy=0 '
8.1.12 The Domain and Range of Inverse Cotangent Function
To find the domain and range of inverse trigonometric ﬁmctmn, switch the domain and rnnge of

fuiont o { If y Cntx wrth

For the cotangent function y = Cot x :

; 0, € (—o0, ) then ;
Domain = (0,n) and Range = (—co, ) ;i(cu?l{x) Emh ) :
For the inverse tangent function y = Cot™' x - [ (-m ou] iye (ﬂ rr}

| —— smmat

Domain = (=, ) and Range = (0,m)

Since graph of the inverse trigonometric function is a
reflection of the graph of the original function about
the line y=2x.

Therefore, to graph the inverse trigonometric
function, we use the graph of the trigonometric
function restricted to the domain specified earlier and
reflect the graph about the line y = x as shown in figure.

8.1.13 The Principal Secant Function

Consider the following graph of secant function and observe that an infinite numher of x values
found for which y = secx = 1 for each y - axis
xER—[2n+1}-E where n € Z.

By this, one can record infinitely many solutions to
the equation secx = k where k e R — (—1,1).

If we need an interval for x where there is only one == 5 :: :

solution to secx = k fork € R — (—1,1), we choose  amm—tpmeerii 2l =3 % B yeni

the interval from 0 to w except 4; We have an option
to consider an interval x € (&, 27), x # -323

or many others. It is a mathematical convention
to choose x € [0, ], x # f

¥ —axly
FuCari, o

2
=3
il
<3
-
&

Y = secx
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In the interval x € [0, ], x = '-;, we can find a
unique solution to the equation Secx = k,
where k € R — (—1,1). We write this solution
as x = Sec™! k. In other words, *x is a real
number in the interval [0, %) U (’—; , ] whose
secant value is k”. The secant function defined i it . S
onxe[0,m],x = Efur which there is only one o' v -
solution of the equation sec x = k where,

k € R — (—1,1) is called the Principal Secant
Function. =¥ ;

u¥

Example 5: Find the principal value of Sec™1(—2).
Solution: Lety = Sec™*(—2) if and only if Secy = (—2), where y € [0, 7], ¥ € %

Consider Secy = (—2) [We need to find y whose secant value is (—2).]

= Cosy =—-; Since Cosy <0 = Secy-lczn = y lies in Quad II.
= Cosy = Cos (z—“) :

2

= . = ; e 2 5
= Sec'f(—z) = X Find the principal value of Sec™ (ﬁ)
3

8.1.14 The Inverse Secant Function y = Soc-1x ‘E
For the secant function y = Sec x i |

whemxe[ﬂ,ﬂ],x#Eand}reﬂ—(—lll). —‘J
we define an inverse secant function y = Sec™2(X) =T e
where xe R — (=1,1) and y e [0, 7], x #%. i

In view of above, we observe that: [’—

SEC_ltl) =0 since Sec(n) =1 ST T T T [ F 3 Jﬂ
Sec™'(—=1) == since  Sec(m) = -1

4

8.1.15 The Domain and Range of Inverse Secant Function |
To find the domain and range of inverse trigonometric function, switch the domain and range
of the original function. For the secant function y = Sec x

Domain = x € [0,m], x # > and Range = R — (-1, 1)

For the inverse secant function y= Sec ™ty .
Domain = R — (—1,1) and Range = x € [p, ], x # =




Since graph of the inverse trigonometric function is a
reflection of the graph of the original function about
the liney =x.
Therefore, to graph the inverse trigonometric
function, we use the graph of the trigonometric
function restricted to the domain specified earlier
and reflect the graph about the line y = x as shown in
the adjoining figure. - _
8.1.16 The Principal Cosecant Function
The graph of cosecant function from —2m to +2m
’ is shown in the adjoining figure.

From the graph it-is clear that cscx = k for

k € R — (=1, 1), has many solutions.

To define principal cosecant function, we need an yul
interval for x where there is only one solution to r; m:

cscx =k forkeR —(-1,1).

Such a solution is possible in the interval from
nm

T m .
—3 to+ 7 except 0. In the interval xE(—;,;),

x # 0, we can find a unique solution to the
equation Cscx = k, where ke R — (-1, 1).
We write this solution as x= Csc™' k. In other words,

“x is a real number in the interval [—E v (ﬂ,g
whose cosecant value is k™. The cosecant function.
defined on x € (— 2, ), x3 0 for which there is only

one solution of the equation Csc x = k where
k € R — (—1,1) is called the Principal Cosecant
Function.

Example 6: Find the principal value of Csc~(2).
. Solution: Lety = Csc™!(2) if and only if
Cscy = (2), wherey € [-%,%],y € 0.
Consider Cscy = (2) [We need to find y whose cosecant value is (2). ]
= Siny =§ Since, Siny >0 = Cscy > _ﬂ = y lies in Quad I.

= Siny = Sin (E)
S o fcnere m—

= Csc~1(2) = ;_’ Find the principal value of csc-l.(__,‘(')




8.1.17 - The Inverse Cosecant Function x=-1
For the cosecant function y = Csc x where t'+ 1

x E(—-E,-E),x # 0and f(x)e R — (=1,1),

y = Csc™(x) wherexe R — (—1,1),x # 0 i
mom ¢ r K o T 3 "-.:h
and y €(~5.5). ‘—“’\

Iﬂ “ﬂw ﬂfﬂbﬂ?ﬂ, we Gbme thﬂt. T YT STTEY. - | PP .I .............................. — .
17 - _n —— = -

Csc~1(-1) & since ( ) 1 il 1

Csc™(e0) =0 since  Csc(0) = o v \

- _T . my _ '
Csc™(v2) =+ since  Csc ( ‘) =2
8.1.18 The Domain and Range of Inverse Cosecant Function

To find the domain and range of inverse trigonometric function, switch the domain and range
of the original function.

For the cosecant function y = Cscx
Domain = (—-E.E).x #0 and
Range =R —(-1,1)

For the inverse cosecant function

y=Csc™lx
Domain = R -(-1,1) and
Range = (—— =), x+0

Since graph of the inverse trigonometric function is

areflection of the graph of the nngmnl function uhout
theliney =x.

Therefore, to graph the inverse trigonometric function, we use the graph of the trigonometric

function restricted to the domain specified earlier and reflect the graph ahuul the line y = x as shown
in the figure.

Properties of Inverse Tﬂguﬁnmetrit Functions

Property 1 o ’
e Cos™(Cosx) = x for x € [0,n] and Sin™*(Sin x) = x for x € [—3.3]
e Tan!(Tanx) =xforx € (—— Z) and Cot™*(Cotx) = x forx € (0,m)

e Sec*(Secx)==xforx€ [D.;) U (-2-,11r]
o Csci(Csex) =xforxe[-5,00u (03
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Property Il

e Cos(Cos™'x) =xforx € [-1,1] and Sin(Sin"'x) = x forx € [-1,1]

e Tan(Tan™'x) = xforx € (—oo,+) and Cot(Cot™*x) = x for x € (—co,+00)
e Sec(Sec™'x) = x for x € (—o0,-1] U [1,0)

e Csc(Csc™*x) = x for x € (—oo0,—1] U [1, o0)

Property Il

o Cos(—x)=m—Cos™'x forx € [-1,1]

e Sin'(—x)=-Sin"'x forx €[-1,1] :
: o Tan!(=x) = =Tan"(x) for x € (—oo, +0)

¢ Cot™*(—x) =m— Cot™(x) for x € (—oo, +00)
. e Sec'(—x) =m— Sec™!(x) for x € (—o0,~1] U [1,00)

e Csc™*(— x) = —Csc™(x) for x € (—o0,—1] U [1,00)

Property IV
e Sin™! L) Csc™*(x) forx € (—eo,—1] U [1,00)

e Cos™? (;) = Sec™!(x) for x € (—e0,—1] U [1, )

-1(1) _ [Cot™(x) if x>0
. (f) _[—E+Cnt'1(x) ifx<0 -
Property V

* Sin"'(x) +Cos™'(x) = Z forx € [-1,1]

e Tan™(x) + Cot™*(x) =§ forx € (—oo,+e0)

* Sec!(=x)+Csci(—x) = ; for x € (—oo,~1] U [1,0)
Property VI

* Sin7'(x)= .{:05 1(V1-x? -Tan'i(;,—,) Cot‘l("ﬁ’) SEc“I(ﬁ)— Csc™ (z)
¢ Cos™(x)=Sin"'(V1—x?)= Tan“‘("m) Cut*‘(m Sec™ ‘(;)=Csc“( 1—:)

v TN =sin (o) = Cos~ (i) = ot (§) =See (V) = et (F2E)

1. Find the principal values of each of the following without using a calculator.

i Cos (%) ii.  Sin"i(1) ii.  Tan"(v3)
iv. Cott (J?i) v. Sec™1 (%E-) vi.  Csc™}(—v2)
vii.  Cos™(-3) viii. Tan™!(%) ix.  Csc™l(-2)




=
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2. Find sum of principal values of the following inverse trigonometric expressions

without using calculator.
i. Tan-l(1)+Cos™*(~3)+sin"t(-3) i Cos™ (3) + 257 (3)
iii. Tan™'(V3) — Sec™(-~2) iv. Cot~1(—v3) + Csc™!(-2) — Cos™ (?)

3. Find the exact real number value of each without using a calculator.

i Cns." [sin G)] ii. Sin~! [r:us (- 2?")] iii. Cos~! (sinuT"

iv. Cos™! (cns%) v. Sin (Tan" %) vi. Cos (2 Sin~! ?)
vii. sin[2sin~?(2)]  viii. Cos(Sin" ix. sin[Cos™ (-3)]
X Sin [:Sin'1 2+ Cos™ %] xi. Cos (Sin™ 3+ Cos™ 5

13
xii. Cos[Sec™*(3) + Tan~1(2)]

4. Find the unknown angles and use a calculator to evaluate the following as real numbers

to three decimal places:

i, Cost(2) =sin2() ii. sin~(§)=Cos*( ) iii sin* (=) =—Cos™*( )
iv. Tant(%)=cos™*( ) v. Tan"1(-12)=—Cos™*( )

vi. Cot-1 (—%)=—5in'1 ) vii. Sec™1(2.041)= Tan“( )

viii. Sec™1(—v/5)=Cot? () ix. Csc™1(1172)=Sin"*( )

ot (- ()

8.2 Graphsofinverse Trigonometric Functions

Drawing graphs of trigonometric functions is a fundamental skill. It allows the problem solver to
interpret and understand the relationship visually between two variable quantities. Graphs provide
an intuitive way to analyze the behavior, identify the trend and solve problems.

Graphing becomes valuable in case of inverse trigonometric functions, where the restricted domain
and range were not enough to understand the problem.

Plotting these graphs, we gain insights the characteristics, such as symmetry, continuity, and
asymptotic behavior. Whether it is engineering or navigation, the ability to draw accurately and
interpret graphs of inverse trigonometric functions is essential for solving real-world problems

involving angles and distances.




Following table helps in drawing graphs of the inverse trigonometric functions.

Inverse Inverse sine | Inverse Inverse Inverse Inverse
cosine function tangent secant cosecant cotangent
function function function function function
Domain Domain Domain Domain Domain Domain
[""11' 1] [_1: 1] R {_ma _1] {-Wr = 1] R
U [1,0) U [1, w0)
Range Range Range Range Range Range
nm m . L 0,
35 | (-3.3) |oa-§ |[-33]-© .( )
non periodic | non periodic | non periodic | non periodic | non periodic | non periodic
function function function function function function
odd function | neither even | odd function | odd function | neither even | neither even
nor odd nor odd nor odd
function function function
strictly strictly strictly strictly strictly strictly
increasing decreasing increasing decreasing decreasing decreasing
function function function function with | function with | function
respect to its | respect to its
domain domain
one to one one to one one to one one to one one to one one to one
function function function function function function
graphically | graphically | graphically | graphically | graphically | graphically
Cos™?(x)is |Sin'(x)isa|Tan™'(x)is |Sec™'(x)isa |Csc™'(x)is |Cot™!(x)is
areflection | reflection of | areflection | reflection of |areflection | areflection
of Cos(x) Sin(x) across | of Tan(x) Sec(x) of Csc(x) of Cot(x)
across the the line across the across the across the across the
liney = x y=x liney = x liney=x liney = x liney =x
S-shaped Smooth Smooth S-shaped
curve curve curve curve
approaches approaches approaches approaches
but never but never but never but never
reaches the | reaches the | reaches the | reaches the
horizontal vertical vertical horizontal
asymptotes | asymptote | asymptote | asymptotes
y=tz J'=g y=0 |y=0and
: y=n




tinverse Ingonometric bunciions ana Lneir G

key points key points key points
include include include

(—1, ), (-1.%). (-1.-5)
(0240 | 00)(17) | 0.0, (1.9)

Adding or subtracting constants affects the graphs horizontally or vertically (horizontal and
vertical shifts).

Multiplying by constants to stretch or compress the graph (stretching and compressing).
Multiplying by negative values shows reflection of the graphs across axes (Reflections).

8.2.1 Graphofy=Cos 'x ‘
The graph of the function y = Cos™" x represents the angle y whose cosine is x. The domain of

this function is x € [—1,1], and the range is y € [0,7]. This means the output values y will

always be within this interval, corresponding to angles in radians from 0 to .

Construction Steps:
e Draw the coordinate axes. Mark x-axis with values from —1 to 1 and y-axis with values
from 0 to m.

e Choose an appropriate scale.
«  Mark the points (1,0), (09,%),,(05,5), (0.%), (-05,%), (~0.9,%F), (-1,m)

on the graph.
e Connect these points with a smooth curve.
Properties:

* Domain and Range: The domain is [—1,1] and the range is [0, xr].

e Key Points: (1,0), (ﬂ. E), (-1,m)

e Appearance: The graph appears as a smooth curve starting from (1,0), decreasing through
* the key points, passes through the point (1, 0) and ending at (—1, ).

¢ Monotonicity: The graph is monotonically decreasing smoothly (it always decreases as x

increases).
e Neither even nor odd function
¢ Reflection: The graph of y = Cos™x, is a reflection of y = Cos x across the line y = x. .

e This means that the x and y coordinates of the points on the graph of y = Cos x are
switched to obtain the points on the graph of y = Cos™'x

Cos™}(—x) =m —Cos™'x forx € [-1,1]

& PWiloelien Sysameiys (Symmetri_c about the line y = E)

Symmetry along the range [0, 7r] reflects across the vertical axis at x = 0.
¢ Inverse Function: Cos(Cos™'x) = x for x € [—1,1] and
Cos™*(Cos x) = x for x € [0, 7]




e Identities: Cos™'x = Sin™? (V1 — x2) for x € [0,1] and

Cos™'x = m — Sin™* (V1 =x2) for x € [—1,0)
y — s x y=Cos 1x

1 0 or 0°
0.9 n/6 or 30°
0.5 n/3 or 60°

0 m/2 or 90°
-0.5 |2n/3 or120°
"Bx-axs | —09 | 5mw/6 or 150°
-1 m or 180°

x=0

8.2.2 Graphofy=Sin"1x
The graph of the function y = Sin~! x represents the angle y whose sine is x. The domain of this

m

function is x € [—1, 1], and the range is y € [— =) E] This means the output values y will always

be within this interval, corresponding to angles in radians from —Z to 2.
Construction Steps:
e Draw the coordinate axes. Mark x-axis with values from —1 to 1 and y-axis with values

from -§ to g and choose an appropriate scale.

* Mark the points (1,5), (0.9,5) , (05,%), (0,0, (-05,-%), (—0.9,—§), (—1, ~2) on
the graph and connect these points with a smooth curve.

Properties:

e Domain and Range: The domain is [—1,1] and the range is [—%; ;

e Key Points: (1,5), (0,0), (-1,-%)
e Appearance: The graph appears as a smooth curve starting from (—1,—2Lt , increasing

through the key points, passes through the point (0, 0) and ending at (1, E)

e Monotonicity: The graph is monotonically increasing smoothly.
[Sln"(— x) = =Sin"'x forx € [-1, 1]]
(Symmetric about origin)

The symmetry along range [—gﬂ shows that graph is reflected across origin.

« (dd Inverse Function:

e Reflection: The graph of y = Sin™x, is a reflection of y = Sin x across the line y = x.
e Inverse Function: Sin(Sin"*x) = x for x € [-1,1] and
Sin"}(Sinx) =x forx € [—’—;,;]




* Identities: Sin™"x = Cos™ (V1 —x%)forx € [0,1] and
Sin"'x = — Cos™! (V1 — x2) forx € [-1,0)

¥ — axis

2w} x y=Sin"1x

"2y =Sin~lx 1 /2 or90°

i 0.9 n/3 or 60°
0.5 n/6 or30°

s =y 0 0 or 0°

-05 | —w/6 or —30°
-09 | —w/3 or —60°
-1 -m/2 or —90°

8.2.3 Graphofy = Tan1x
The graph of the function y = Tan™? x represents the angle y whose tangent is x. The domain
of this function is x € (—oo, +0), and the range is y € (—E,E ) This means the output values

y will always be within this interval, corresponding to angles in radians between —Fz— and %
Construction Steps:

s Draw the coordinate axes. Mark x-axis with values from —co to +oo and y-axis with
values from — E to % and choose an appropriate scale.

¢ Mark the points (-m, -%) : (-1.?, —g) , (— 1, —E) , (—[l.ﬁ, = E) (0,0), (1.5), (1.?, g)
(ﬂ.ﬁ,%) . (m, E) on the graph and coni:mct these points with a smooth curve.
Properties:

e Domain and Range: The domain is (—oo, +0) and the range is . E).

2'2
» Key Points: (—M. - 'E), (—1-?’, = g), (0,0), (1-?* "::') (m' %)

e Asymptotes: Draw two horizontal asymptotes y = -§ and y = -E approaching the tangent
curve at x = oo,

5 m " [
e Appearance: The graph appears as a smooth curve starting from (—m.—i), increasing
through the key points, passes through the point (0, 0) and ending at (+m. 1:—)

e Monotonicity: The graph is monotonically increasing smoothly between two horizontal
asymptotes.

. __[Tan™*(— x) = —Tan™*(x) for x € (—oo, +m]]
s e [r (Symmetric about origin)

The symmetry along range (- g.fzﬁ) shows that graph is reflected across origin.
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Reflection: The graph of y = Tan"'x, is a reflection of y = Tan x across the line y = x.
Inverse Function: Tan(Tan 'x) = x for x € (—o0, +0) and

-1 = -
Tan™"(Tan x) —xfuer( z'z)

Identities: Tan™*(x) + Tan™ e) = E forx > 0 and

Tan"'(x) + Tan™* (%) = —-% forx <0 X yz'l'an'i:ﬂ
- |-m/2 or —90°
-1.7 | =n/3 or — 60°
-1 | —mn/4 or —45°
—0.6 | —m/6 or —30°

. 0 0 or0°
0.6 m/6 or 30°
1 m/4 or 45°
1.7 m/3 or 60°
o n/2 or 90°

8.24 Graphofy=Cot lx

The graph of the function y = Cot™* x represents the angle y whose cotangent is x, The domain

of this function is x € (—oo0, +0), and the range is y € (0,7 ). This means the output values y

will always be within this interval, corresponding to angles in radians between 0 and m.

Construction Steps:

* Draw the coordinate axes. Mark x-axis with values from —co to +co and y-axis with values
from 0 to m and choose an appropriate scale.

e  Mark the points (—oo,m) , (—1 5—“) (—1 3—“) " (-IZI.IEn..z?"r 3 (U,E).

(063) (1:3)(17.2). C+.0) o e g
e Connect these points with a smooth curve.

Properties:
- « Domain and Range: The domain is (—o9, +0) and the range is (0, rr)
e Key Points: (—w,m), (-1.7,%), (0,0), (1.7,%) (+00,0)
. *  Asymptotes: Draw two horizontal asymptotes y = 0 and y = m approaching the cotangent

curve at x = Foco,

¢ Appearance: The graph appears as a smooth curve starting from (—oo,m), increasing
through the key points, passes through the p'mint (ﬂ,%} and ending at (40, 0).

* Monotonicity: The graph is monotonically ﬂecmasing smoothly between two horizontal

asymplotes.
* Neither even nor odd function

* Reflection: The graph of y = Cot™'x, is a reflection of y = Cot x across the line y=x.




This means that the x and ¥ coordinates of the points on the graph of y = Cot x are switched
to obtain points on the graph of y = Cot™'x.
Cot™*(— x) = m — Cot™*(x) for x € (—o0, 4+w)
(abuut the liney = E)

The symmetry along range (0, m)reflects across the vertical axis at x = 0.
Inverse Function: Cot(Cot™*x) = x for x € (—oo, +) and

Cot™(Cot x) = x for x € (0,m)
Identities: Cot™*(x) = Tan™ e) forx#0

Reflection Symmetry:

X | y=cCot™=x

+co 0oro0®°
1.7 n/6 or 30°
== 1 m/4 or 45°

re==n

0.6 m/3 or 60°
0 n/2 or90°
—0.6 | 2 /3 or 120°
-1 |3m/4 or135°
i -1.7 | 5n/6 or 150°

—o0 mor 180°

8.2.5 Graphofy =Sec 'x

The graph of the function y = Sec™ x represents the angle y whose secant is x. The domain of
this function is x € (—o0,—1] U [1, ), and the range is y € [D,%) V] (Enr] This means the

output values y will always be within this interval, corresponding to angles in radians between 0 and 7.
Construction Steps:

Draw the coordinate axes. Mark x-axis with values from —oo to +0 and y-axis with values
from O to m.

Choose an appropriate scale.
Mark the points (+m,§) 2 (2%) , (1.4,%) , (1.2,%), (1,0),(-1,m), (—1.2, EE),

(~1425), (-2.2), (~e.2) on e rph
Connect these points with a smooth curve.

Properties:

Domain and Range: The domain is (—o0, —1] U [1, ) and the range is ["l %) u G;"]-

w in T T
Key Points: (—m, ;), (—2, -3—), (—-1,m), (1,0), (z, E)‘ (+m,;)
Asymptotes: Draw a horizontal asymptote y = — approaching the secant curve at x = +00.
Appearance: The secant graph appears increasing from (1, 0), moves along the horizontal
asymptote y = g and ends at (+nu, %) The secant graph appears decreasing from (—1,7),

moves along the horizontal asymptote y = g and ends at (—m, -E)




e Monotonicity: The graph is monotonically increasing and decreasing smoothly (it always
increases/decreases as x increases/increases) along the horizontal asymptote y = E 3

» Neither even nor odd function

e Reflection: The graph of y = Sec™x, is a reflection of ¥ = Sec x across the line y = x.
This means that the x and y coordinates of the points on the graph of y = Sec x are

switched to obtain the points on the graph of y = Sec™*x.
Sec™!(—x) = m — Sec™1(x) for x € (—oo0,—1] U [1,00)

* Reflection Symimetry: [ (symmetric about the line y = %)

The symmetry along range [0, ]/ {‘E] reflects across the vertical axis at x = 0.
s Inverse Function: Sec(Sec™*x) = x for x € (—o0,~1] U [1, ) and
Sec'(Secx) = xforx € [L'I. E) v (E,rr]

2
» Identities: Sec™'(x) = Cos™ G) for x € (—oo,—1] U [1,00)

=0 : x y=Seclx
T ,;:‘m o0 n/2 or90°

y =Sec1x *2 n/3 or60°

/ = 1.4 n/4 or 45°

g L ;f ) 1.2 /6 or 30°

Chenaiaiieam—— L2 . ‘_TI. 1 0oro0°

" " 3 -1 m or 180°

; , -1.2 | 5z/60r 150°

-1.4 | 3m/4 or 135°

R BE OEE & ER K H.-u:";_':.:, -2 | 2n/3 or120°
song ¥ by —ce /2 or90°

8.2.6 Graphofy=Csc 'x

The graph of the function ¥ = Csc™! x represents the angle y whose cosecant is x. The domain
of this function is x € (—e0,—1] U [1,00), and the range is y € [—g,ﬂ} U (ﬂ.ﬂ. This means
the output values y will always be within this interval, corresponding to angles in radians between

0 and m.
Construction Steps:

*  Draw the coordinate axes. Mark x-axis with values from —co to +c0 and y-axis with values
from 0 to m and choose an appropriate scale.

*  Mark the points (1,5), (1.2.5) . (14,5), (2.2), (+o0,+0), (-1.-%) , (-1.2.- ),
(-—1-4, —%), (—2. a E), (—o0, —0) on the graph and connect them smoothly. ;

G e
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Properties:

Domain and itlnge: The domain is (—o0, —1] U [1, o) and the range is [U, E) u G'- H]-

Key Points: (—o0,%), (=2,25), (=1,m), (1,0), (2.2), (+.%)

Asymptotes: Draw a horizontal asymptote y = 0 approaching the cosecant curve at
x = too,

Appearance: The cosecant graph appears decreasing from (1,’-2[), moves along the
horizontal asymptote y = 0 and ends at (40, 0). The cosecant graph appears increasing
from (—1, —g , moves along the horizontal asymptote y = 0 and ends at (—oo, —0).

Monotonicity: The graph is monotonically increasing and decreasing smoothly (it always
increases/decreases as x increases/increases) along the horizontal asymptote y = 0.

_[Csc™(—x) = —Csc™(x) forx € (-, —1] U [1, m)]
Odd Tnverse Function: | R e

The symmetry along range “%r;:] /{0} shows that graph is reflected across origin.

Reflection: The graph of y = Csc™x, is a reflection of y = Csc x across the line y = x.
This means that the x and ¥ coordinates of the points on the graph of y = Csc x are
switched to obtain the points on the graph of y = Csc™'x.

Inverse Funetion: Csc(Csc™'x) = x for x € (—o0,—1] U [1, ) and
Csc™'(Cscx) = xforx € [— E,ﬂ) U (ﬂ,’—;]
Identities: Csc™*(x) = Sin™* (-__1;) for x € (—o0,—1] U [1,0)

x=-14% x=1

T o i x y= Csc1lx
y= L x 400 +0or +0°
j 2 n/6 or 30°
1.4 m/4 or 45°
" 1.2 /3 or 60°
quw—mﬁ—'rl‘fwrﬁ"ﬂ#“' y=0 1 n/2 or90° :
i e 21 | —n/2 or —90°
—12 | —m/3 or —60°
—-1.4 | —m/4 or —45°
v -2 -n/6 or —30°
—oo —0or —0°
x=0




4 1.1-i

. =1
W.ﬁ'l*ﬁf

5 iL.x+y=1iix2+y?=

vii. 6.43 + 7.66i

. =5 53 .
e iii. —2i

viii. =1 + i
ii~v3< 2 <3

iv. (~v3-1)x +(v3-1)y+4(V3+1)S0 < —x+y+4
viiv3(x2—=y2+1)—2xy=0

vwxl+y?i=1

6 LZA+D) i 2 (1+V3)
ii. —E(?? + 38i)
11.7.936 cos(t +39.39°)

S as

8 i =—=i i
2

2

1. ic b iiiLa ivd vb vid viic viid ixb

2. L0 iivVZ i vZ2T  iv.—2=—-2§ 3. i.3(x - 60)(x + 6i)
34 34

4 z=% 5. z—_z—:+—1 6. 2+ 11i 7. .'z=%‘ﬁ

500
9. 0.3 cost

12. V61 cos(t + 86.33%)

REVIEW EXERCISE

il —(vV341) 7. i.1+2V3i

iv. —2v3 + 2i v.V3+i

ii. 0.4756

10. 0.8 cost

xb
ii. 4(x — V10i)(x + V10i)
8.2

; Exercise 2.1
I Lix3 ii. 3x2 iii. 3x1 iv. 1x4 v. Ix1
2 i rectangular i, Square - iii. column iv. square
3. 1 lower triangular  ii. scalar iii. diagonal
v. diagonal _ vii. upper triangular  viii. diagonal
- - F1
d i 2 V5 1] neither symmetric .. |6 neither symmetric
- L lo s 9] norskew symmetric  11- |2 | nor skew symmetric
. L0
[0 =1 -9] (3 -6 9
. 5 R v.|-6 2 0 ‘
LY F 0. LS 0 B
skew symmetric symmeiric
Exercise 2.2
7/2 1/2 1 . [1 1/21 . [-1/3 -4/3
b & [5;2 4 ] [ ] . [z | i 1/3 ~2/3
0 -=1/3 *2{3 [0 =3/2 =4
2 143 2/3 18 ii. 3/4 0 -5!4]
B s 3 | 8/9 5/9 0
i & B2 [-8 0 =
ivelaf3 2 13/5] 3. €=|0 -8 {J]
/2 135 3 | 4 -4 1

vi. 2x2

V.TOW Vi. square
iv. identity
ix.scaler

S .
iii. [ﬁ z]s}rmmetnc

S 0 0
o8 41

13 3

neither symmetric
nor skew symmetric

ii. |2/5 1/3 277

2/3 1/2 2/5
2/7 1/4 2;9]



4 i.A= [ 85 _";*32] [U 2 1 “ iii. [}::] wherexe R

iv.z=4t=0, x? +y? —Zﬂv.u——lﬂ;ﬁ'=9 vi.—4,3

6. a=-9, f=-1 10.  skew symmetric 3 4 3i 1 13 6i
1 3 _1 1 0 1 5 5 5 5- 5 5
2 = - 3+121 r 7 19=i 14
2x=[; o Sl r=l 5 Slbx={=2 20 Iy aem ¥
1 1 —6+6i 7 T 18-3i
5 5 5 5 5 5
Exercise 2.3
I 15 il iii.—-6 iv. 16 + 8i
2. i.=17 ii.27 iii. 1 =161 iv. — 17 + 11i
3. singular ii. Non-singular iii. Non-singular iv. singular
4016123 -4 - 1+S V.-
11 1 -4 i 1 3 242 =24i
DR = Y 3 nm o= [3 31
"T;-?“-:;"'q—‘ |55 -1 =i lo 5 Lelo 19
£ oA 11—1? 19 | |2z s |3 o0 3
L9 9 3.9 5 5 11 22 44 ? =
Exercise 2.5
1 3 511 0 O 1 -18][1 O 0 0
l.ii]Jo 1 1|0 1 0 ii. |0 1“0 1 ﬂ 1 2?][ 1 Gl
0 0 Ui 0 1 0 o01lJlo o 0 1
1 -2 3/21M1 0 0
1 -8 1 0 2/5 01 2
iv.|0 1 —B;‘El [ﬂ 10 v-[ ] vii |0 0 0
[I} 0 1 0 0 1l e 2 JHE il L 00 0

2. 1.3 ii.2  dii.3  iv.2

12 -5 -3 -2 0 21 .[0 -6 6 -8 5 2
3zl-4 -1 —1] n;[m -15 —16|iii.=[3 -9 6 iv. [-18 18 —]

2 1 1 -6 6 6 2 -4 6 1s -6 3
= Exercise 2.6
X3 ?13
1. i. |2x3 ii. | 2., 213 iv. does not exist.
X3 5 3
X3
=10
. . ?Ia 17x4
2 LA=H; ﬁ-‘l’a ii. A =2; —x3 ar)t—-? 5.1'3 ‘
X3
3 i ;:—:;—:—: ii. No solution iii. ;* ;: “_T iv. =7;=7:5
4 1 —d, _._L._z- )
i.3;1:2 ii ?,T,l} iii. solution not possible as A is singular iv. Tl iy
i T W% | i 3'-".3.11 ¢ AT . S 9. a2,
11’ 11’11 ni2'3' 12 id. 4 2" 4 v.2; 3; 5

=

13/31 -8/31 -1/31
19/62 5/62 —11/62

7. A = +4, no solution; 1 # +4 unique solution

-3/62 9/62  5/62
]1 1;1




10.[1 0 0 1.1 0 =2
0 1 —5.‘;1:'2+_v’2+1ﬂy’+16=ﬂ 01 ﬂ‘;x'2+8x’—3y*+4=ﬂ
0 0 1 0.:0 1

2 [ 01 . " 13 o 3]
01 ﬂ}; 2x'"° =5y —4x'-8=0 0 1 2|;2x'=7y'+11=0
0 0 1 0 0 1

REVIEW EXERCISE
l. i.b ii.d iii.d ivb wv.c vib viid viiic ixc x.d

2. -11,3,10;87 4. 113
SRR o 3: Vects
Exercise 3.1
l. i =70—5] ii.—220—16] iii. —71 + 28] iv.~21-27  v.-181+ 155
3ilt+3y ii. #f = =51+ 8f; B = 71 — 11§ iii. 81— —

4.im=4/3 ii. 1+2f+3k —2142j+6k, At-2Ak
Sigel—mf+mk V5 i3  7id=+2ViT iildl =B a5

: & 15 i H 7 1 £x
E.n.ﬁj—ﬁﬁ i, — EHMTJ ?E ;r+;§ ii. I—12f+5k
10.i.D(—2, 1) i, x = ﬁand]r-3 M, i. PS=5-F
16. AC=d+b, CD=b~-d, EF=—-b, DA=-2d, EB=2(G-b),FA=ad-b,FC =2d

} Exercise 3.2

. .15 ii.90 iii.—16iv.147 v. 4
-30

2. i.8= m_l(zf_) ii. 8 = ms"(J_) mEnms“ﬁ.ﬁ_
iv.8 = ms"ﬂT v,E-cns‘f;ﬁ)

3. i cos™ (4 ii, 90°
i 29
g 2 4 - -
l.cosa = —;cosp = m,mr=ﬁ ==
6. i, 45°45° . ji, iﬁstﬁjiﬁﬁ
: 7. i.-4502
8. F=i+2f+k
14. 350/V11joules 15. 28 units 16. 150v3
. Exercise 3.3
1. i (4, =15, = 7ii (30, 11,-27) iii. (4, — 6, 2)
2 L 13,-8.3} i, (3 15
3 3 78 185 )
Tt VavEe Jﬁi‘ fﬁﬁ

. para[lel—»i'+—}—ﬁﬁ perpcndmular—-i+ mj—ﬁﬁ 5. . d= —EE—%}+§£

6. i.a=1+2j+3k 9.i L‘F ii. 6



10. i.3v/59 ii. 5/VZ  a=74.21°p = 60.50°y = 45.29°

11. V75 12. Eitherd=0 or b=0 or Both arezero
14.iVIBT i 11V6  15.0 3 (7-30+3(1—t)j+ek i (-3 (at+20),-3(2¢ +3),¢)
16. 11i + j — 5k 17. 151 — 20f +7k; —9i — 26 + 19k; 61 —46] + 26k
Exercise 3.4
1 i-14.-20
2. L2 =8
3. iA=-1/2 .
4. i.A=2 6. i. zero ii. 68 7.i.27/6 ii. 3

REVIEW EXERCISE
Ld e ii. b iv.b  wv.ec viid wvii.b wiii.b ix.c x.a
i.2/3 n.-3/20 :
VZ 4 19 5. =11/2
8. Ground speed = 235.492 km/h true course= 64.872°
9. Speed = 237.816 km/h direction = 107.980°

e e e e S a

b b=

- Enrclsedl.l

1. {i] ﬂ-l=‘1‘1ﬂ2=?¢ﬂ3=10,ﬂ.‘=13,ﬂ1ﬂ—31,ﬂ15=46
“[] ﬂ1=2,ﬂ2=5ﬂ.3—~3ﬂ.4—11ﬂ1“'—"29ﬂ15=—‘1‘4
1 F 4 _ 10 15
(il) @4 =3.,02=3,83= ,a.;— =5 =
(iv) ay=2,a;3 =5,a;= lu Ay = 1? am = 101, a;5s = 226
(V) a, = -1, iz = ﬂ, iz = 3, a, = 8, Qip = Bﬂ,ﬂ15 =95

. 3 4 15 _ 99 112
{""1} a1=ﬂ, u2=g.a3=- ﬂ4—F, ﬂlu——"ini.ﬂlﬁ—m
1

5'!
—_— a [ —
@10 = T 512 U5 T Team

(vii) a; =1,a; = _%.n:; =iﬂ¢ i _::
{Vl“] a, = 1| az = 4! as = 9! g = 15 g = IUU. .'a15 = 225

{i){} a, -"‘«'1 a; = 5_ iy = —6, ay = ?, Qg = 13, g = —18
(xX) a;=-2,a,=-1,a3 =4,a4 =-7,a59 = —25,ay5 = 40
2. (i) ag=29 (ii) a9 =56 (iii) ay =225, (iv) @z =—235
(v) az; = 528,528, (vi) azo =% (vii) Q43 =43 (viii) agy = 67
3 ()ap,=2n-1 (i) ap=3" (iii) ap=+vV2n (iv) a, = n(n+l)
: Exercise 4.2
| {i]a1=4,ﬂ.3=?,ﬂ3=lﬂ,a4=13 ﬁi}ﬂl—? ﬂ;—lz ﬂg—l? E4—~22
(iiiya; = 16,a; = 14,a; = 12,a, = 10 (iv)a, = 38, a; = 34, ﬂg = 30, a.4 =256

3 5 _3 —E 13 _“
Wa=ya=1a=50,=3 v a == a =1, aa-— =, a,

2. (i) The next three terms of the sequence are 17,21,25
- (ii) The next three terms of the sequence are 20, 23,26

791U
(iii) The next three terms of the sequence are - 2+ =
(iv) The next three terms of the sequence are 0.22, 0.27, 0.32 3. ay, = 057
23 _ ~ __
4. ﬂ1=19,ﬂ2-—ﬂ3—14 aq = . 2 ﬂ1=3,ﬂz—5,ﬂ3—2 ay 1
105 _a-c

10. ag = 240 feet 11. S50 = Rs 39000 12. HB=?

o T o —— T -




13. ()12 ()5 (i) 4V5 ) Z+4.  14.b=0 15. x=-9y=24
16. ﬂl =9,ﬂ2= 13 17. Aiﬂ' _B,Az =—B,A3=—13 £
Exercise 4.3 y

.  S§,=116 2.5, = 10100 3.5,, = 10500 4.5, = 375 5.5, = 240,6.-210 7.5, = 240
8. §,=25509.5, = 2500 10.5,, = 34036 11.5,, = —140 12. §,, = 1155 13.162

14.104 15.5,= 1060 '16.5, = 387 17.5, = 816 18.5, = 162 19.5, = —220

20.ay =7,a;=19,a3 =31 21.a, =1, a,=5a,=9

22.a; =6, a,=36, a,=66
26.38,750

The sequence is geometric (r =%}
a, =3,a; =

—6,a; =12,a, = -24
?aﬂ1=12,ﬂ2=6ﬂa=33‘=§-

10.a, = 22,05 = 22
13.ay=2,as =4
16. a, = 56 17.a5; =3
20. 6,12,24 21.2.4 22.4.2, 1,%

23. a,,=62,950 : 24.45 25.12,280,000
Exercise 4.4
1. The sequence is not geometric
2. The sequence is not geometric 3.
< 4. The sequence is not geometric 5.
6. a;=27 az=-9,a;=3,a,=-1
10 10
8. ay =T,ﬂ5=T 9, ﬂ4=54,ﬂ5=152
11, ﬂ4=2?‘;ﬂ5=g’ 12. ﬂ.4=1,ﬂ5=3
14, a = 100 15. s = 3z
18. as = -1 19. g ==
25 18 24. 10,20,40

28. 3100 fi. (approximately) 29. 127

25.14,28,56 26. 2%5 ft 27.1512589(appro)
30. 81

Exercise 4.5
1.176, 2.93.15 3.13.28,600 4.947.11 5.114681 6.732
7.10.66 8. 165, 9. 300 10. 189 1.4 12.0.51 13. 4
4.0 @1 ) 3 M o) 15. 70 - 16. 800
Exercise 4.6
1 1 1 1 1 1
| !'5 2.—; 3.—7—? 4.5“‘1 - T E.ETT
i 1 1 1 a9 a 5 5 5 5
Exercise 4.7 ;
137
: 1 B} 2.8043.63 4.45n 5.15550 6. -524327.43,8.2 9. 30 £ 10, z 3k

45045 2520
1LE5.,(-1)*2% 1.3

1 kuc+ 1)

n (2n’4+3n +7)
20.

14. n'+3n
—

15. (2n +9n + ?] 16. -(Z:uz +Sn +5)
| 17. %(an +3n-1) 18 @ +;)(2“ +1) 19, n (2n+2n’+11n +1)

> 2l.n(n+1) %
' 22. n(2n’+8n*+7 n=2) 23.2"(n—1)+1 P Y Wl e “:;::?: 2
: 3.77"'-42n-21 _6n+7 2 25 59 2541 100
| R L 2. 1-=5 7.9 28— % e W
Exercise 4.8
1. 780ft 2. 1065, no because the auditorium has only 1065 seats 3. 491,70044
4. axn=524288 5. a=0328 or 32.8% 30361.4082 7. 964615




8. 32000 9. r=295 10. Rs. 1420418.205 11 . Rs. 100625
12. Rs. 726000 13. Rs. 69000 14. Rs. 356015.99

Miscellaneous Exercise
l.ha (i)c ()b (ivia (v)c (vi)d (vipb(viii)a (ix)b (x)a (xi)c (xii)b (xiii)a
{ﬂ\'} c (I‘r)h [Iﬂ}b (xﬂi) d 2. 3p 55,2 30,1,23 4, 6,10,14,

i | &

Oy =

-

5.2-[10"* —9n —10] 6.4,6,9 7.6,18,54,162 8.n=—1 9. a;=%,0,=1,a3=
10. () 5 (i) —4920 11, n(n + 1)? 12.%(2713- 3n®+13n-6)

Exercise 5.1
. ()5 (i) 35 3. No 4.y+1 5 -12  6.m=6 7. Onlyl isazeroof P(x)

8. 2.—3,‘?1 9. S =(x—4)(F+3x-2)+0 10. x* + 10x + 24

Exercise 5.2
LOo+DE-3)p+2) 2.(x-DE+1)2x-1) 3. (x-2)x+3)2x+3)  4.(x=3)37 +4x+12)
5. (t—1)*+2t+5) 6. Other two factors are (x —6) and (2x + 1) 7.(2x = 1)(x - 5)(x - 2)

8. (2x + 1)22 + x + 36)
Exercise 5.3
I. Semby 12cmby 2em 2. 650 3. 6 units by 8 units by 3 units 4. 9 units by 11 units by 25 units
5. Length of one side of square ABFG is x+4. Area= (x+4)". The length of rectangle ACED = 3x+7.
6. y+1,y=1
_ REVIEW EXERCISE
1. () (@ (@) (@ (i) ®) (iv) (@) v) (b)) (vi) (e) (vii) (b) (viii) (c)
2. 167 +4y+4 3. 252 +10p+4 4. Yes 5. Sc'-13x -34r+24
6. 48 7.x+4 8 y+5

Exercise 6.1

— p—

, 1. 3628800 ii. 7920 iii. 11/63 iv.n-1 v. 7/90
. 14! s G oo (1)1 (n-1)!
7 sl AL n+ir S L LI,
= Mo "Ixie oo "fn{u-u(n—ﬂ!
5. 1.6 ii. 6 7.i.31 ii. 8 fii.3 iv.10 v.6 o wi.l21 wii 1l viii.2 ix. 4
%5 '
Exercise 6.2

2.4.7 i 13 15 iv.8 v.29 vi.6 vii.9 viii.8 ix. 10
3.i4 iS5 ii.2 iv.8 v.2  wvi.3 vii. 4l

4. 60 5. 60480 6.1296 7.18 8. 576 0, 1260 10. 720; 120

11.45360 12,108 13.4320 14. 210 15. 8640 16. 360

17.72 18. 94 19. 30,240 20, 86400 21. 6,6,6,24 22. HOELRA 22. MULTAN
Exercise 6.3

2.i. 13 ii.22 iii.51 iv.é v.1l wi.5 313 i3 iii.6  iv.5

4.i.9;3 ii. 62;27 ii, 10; 5 iv. 14; 4

5.1. 4368 ii. 3003 6.55 7.i.120 ii. 186 iii. 186 8.1i.45 ii. 120

9,."C;-n 10. 120 11,10 12. 300500200 13.63 14. 175616




REVIEW EXERCISE

1. iib il © iil, a iv.a v.d vi.d vii. b viii. d ix.c X. c
2, 24 3. 90 4. 600 5. 360 6. 32,659,200
O Unit7: Mathematical Induction and Binomial Theorem I
Exercise 7.2
5 3
Lo 32x2 4+ B0xz+B0Vx + 2+ 104+ L
Vx xZ xI
s 729 | 729y . 1215y @ 135y7 | 13s5y*  9yS | S
. =t et aa +195:= TixT e e
a 15
iii. 128 — 448x2 + 672x% — 560x7 + 280x® — B4x7 + 14x° — x7
15 5 5
- 210 2T E _ anid yE
1v. e SJ?T'g'l' 1“,5 lﬂy'z‘+5:§!
2 32x° _ 40xd  20r 15 45 243
! 243 27 2 x  xT  32x5
i X6 ﬁx5+15x‘_zux3+15x=_5+1

y |y 32 ¥t ys g6

iii. 2187u” — 5103u® + 5103u’ — 2835u* + 94543 — 18942 + 21u — 1
5 * 5

iv. Iv.a%22 4 20abV3 + 30ab®VZ + 20ab3V3 + 45ab*V2 + b532

Ve V.1+48x—4y+24x? - 24xy + 6y? + 32x3 — 12x%y + 6xy® — y? + 16x* — 32x3y +
24x?y? — Bxy? 4 yt

\ fol gty B 32 36, 33 0 9 aek . 95 8 . Bie 216 | 108 , 216 81
. Vi xt 5 x3y o xiyl - xy? + ad + zx3 +.-:1yz + xyiz +;|.-=': ® x%z2  xyz? + ¥iz2  xzd +rx’ + xt
3.1.2 + 1200x2 + 20000x* ii. 8x% — 12x +2 -2
i, 1= 3x + 2x? + 102 + 5x* — 11x5 + 8x6 — 257
iv. 2.01090301 »
32 x* ; : —. 3
VatZ+ Vi, 8a%Va? -1 + 8a2(VaZ — 1) 4, Exﬁy?
5§ <3000 ii. 0.946176x* iii. 70a* iv, 735960
. 15 .. 40095 ;
6. i—a'*h® il. ===p'%g" iii. —12x%y3 iv. —270y8x?
7. i 1980 ii. 5 - (r: 1) Qh-T-1prtl
10. — 5940 11. 14 13.12,2 18. 1, 6, 15, 20, 15, 6, 1
19. 21 times 20. 56 times
) < Exercise 7.3
I i143x346x+ 10x 0<x<1 SRR PR . SR AR e |
33 3%x 3Ta? 3340 4 3 |
3z 37 |

s 3
o L W st jeteBiEgNiuy
2igixt  dgies le}s s TR T+ 3<x<3




2 1 1 5 1 :
V_,:;_ _ll+ﬁ)x+(.....?+_.._!):2_(.__z+—,)x‘ -6<x<6 vi. 1
37 3237 128.3%F 12837  16.3%

2. i.2.0052 ii. 1.2963 iii. 1.0099 iv. 0.9859 3. g

7. #[ﬂ* + 7n + 8)x™

1 -
8. i.% ii. (2)° iii. (~3)8 iv 2vZ
Exercise 7.4
1. 1,8,4,7 2.a5 b2 3.1
4.2.525 b.3,33 1,0l 8.8 9.8

REVIEW EXERCISE

1. i.d i.c iii.d iv.d wv.b viic wvii.b wiiiha ix.b x.b

3.232 6.78

EXERCISE 8.1
I. (i) cos(180° + 60°) = — cos 60°, cos(180° — 60°) = — cos 60°, sin(180° + 60°) = — sin 60°,

Sin(180° - 60°) = sin 60°, tan(180° + 60°) = tan 60°, tan(180° — 60°) = — tan 60°

(i1) cos(90° + 60°) = — sin 60°, cos(90° — 60°) = sin 60°, 5in(90° + 60°) = cos 60°,
sin{90° - 60°) = cos 60°, tan(90° + 60°) = — cot 60°, tan(90° — 60°) = cot 60°

(iii) cos(180" + 30°) = — cos30°, cos(180° - 30°) = - c0s30°, sin(180" + 307) = - sin30’,
sin(180° — 30°) = sin30", tan(180° + 30°) = tan30", tan(180°—30") = — tan30°

{iv}ms(n‘+§)=—ms%+ cnnﬁr—%]=—cm§, sin{m+ < ]=—smi

sin(m—3) = sin% » tan(m+3) = tan % . tan(r— %) = tan 5

ol ). o~ - ). 5 49 -0
(2 2)- (3). (3 +3)=eo(®). wn(3- D)=ca(?)
o o2+ 2) = sf2) . cos(- 9 — ) . s +) = ~eo(5).

i (- ) o)  on (5 +2) =-er(5) . n - )= o (3

i £ e _ 1+V3
2 (@) cos157=12 (b cos 165°=-20  (0) cos 4= (4 sin 75 =70

S T R ——— \ o




_(a) cos 120==-§ (b) sin 120°= E,um 120°=-y3  (c) cos 75° = "fg
() caslu5°=l;:-r.? (€) cos 285°= “;_‘ () sin15°=L=1
]

@) c0s90 (i) cos56 (i) sinZ (iv)sin92° (v) an30° (vi) tan2m
. cos(a + _'E‘ cos(a — f) =—

() sin(@=p) =42 (i) cos(a—p)= E (iii) tan(a — B) =42
. (i) sin(a +8) IE (i) cos(a + f)=-2 = (iii) tan(a + §) = _ﬁ

- (1) nsc{a+ﬁ)=% (ii) 5ec{u+ﬁ)=£ (iii) Gnl{d+ﬁ)=ﬁ
- () sﬁl(a+p_)-_%’-sin(a~ﬂ)mlﬁ (i) cos(a+B) =~ ,cos (@~ f) ==
(iii) tan(a + B) =7, tan(a - B) = 5

13.() 12sin8 - Scusﬂ—rsm{ﬂ+p}whcrer‘13and¢3 tan!(- =

12
(ii) 3 sin @ +4 cos 8 =r sin(@ + ) wherer=5 and ¢ = t.nn'?(;) (iii) Do yourself.
14. ()@ =45°  (b) sin8 =‘I,-%,ms 6= % (c) 0.9285  (d) 22°

58
EXFRCISE 8.2

1. mzﬂ=—é, stEE—g, 111 quadrant

2, sm2q=-2}r\{1__,m52ﬂ=1 2y? . tan 2= I_J;% 3. cos 15°= Hm:ﬂnn=ﬂ.9ﬁﬁ
4, (i) sin26= =, cos20 = —i,tan28= 2 sin E:-= %,nus§= é,m%=§

20 22 2032 3022 e . e 2, e

() tn 20 = 625’° Zﬂ—ﬁ,:mzﬂ——i::,sm§=;%,m%= s__?'““g':"%

(iv) sin 20 = —-,cusZE=~—t 23-:%,5;“%: %,ms:—=-%,mg=u 1’5:
(v) 'sin 20 =~ 1, cos 26 = 0, tan 26 = undefined, sin & = %ﬁ,cm§= %,M% %
(vi) stE—-ﬁ ,€0520 =~ tan20 = V3, m.:i ?,m%% , .:;- 3
5.(1) sinaﬂg.cusﬂ=§,mﬂ=: (ii) smang,msgz_g'me=_;

sas . 15 8 . -
(m}smﬂn;,cusﬂ=—-ﬁ,mﬂ&=-—%ﬁ- (iv) smﬁ=%ﬁ,mﬂ=—i,-tanﬂ=—l
o 1 e AR :

60 ; BT Wy WF. 0%

T.00) == ) —[1 = 7cos2a — cos4a + cos2a cosdal (ii) ; [3 4 cosda + cosBa]



EXERCISE 8.3

(ii) 5[cos 16y + cos 4y]

(iv) 3[sin 15x+sin5x] (V) %[cus 6u—cosdu] (vi) cos120° - cos 80°

(vii) 3 [sin 40° —sin 6°] ~(viii) sin 104° - sin 8°
(x) 2[sinu+ sin v]

. (i) 2sin 50° cos 20°

1. (i) 2[sin26x+ sin 6x] (iii) sin8¢-sin2 1

(ix) cos 60° - cos 90°
(xi) sin 2u — sin 2v
(ii) 2 cos45°sin31°

2

(iii) 2 cos35°cos 23°

(iv) 2cos % cos % (v) —2sin 15°cos 5° i
~ REVIEW EXERCISE
LG a (i) b (iii) c (iv) d V) b vi) a
(i) ¢ (viii) d (ix) b (x) ¢ (xi) d (xii) a
2.0 & G) -3 (i) -3 :
3. (i) sin(f +45% or cos(f —45° (ii) sinl20" or cos30’
4. (i) tan 60°=1.732 (ii) cos90°=0 5. anf=2 9. |1
EXERCISE 9.1
. i Maximum value(M) = 4 ; Minimumvalue(m) = 0
ii. Maximum value (M) %‘ :  Minimum value (m) %
iti. Maximum value (M) 1—51 - Minimum value (m) %
iv. Maximum value (M) % . Minimum value (m) %
2. i. Maximum value (M) | :  Minimum value (m) 1
il. Maximum value M) = ’1"211‘ . Minimum value (m) = - %
iii. Maximum value (M) = 1—33~ :  Minimum value (m) = - %
iv. Maximum value (M) = 73 ; Minimum value m) = &
3. i. Domain=Dy=] -00,00 [=R; Range=Ry=[-7,7]

'ii, Domain=Dy=] —00,00 [=R;

iii. Domain=Dy=] -00,00 [=R;

Range=Ry =[-1,1]"
Range=Ry =[-1,1]

iv. Domain= Dy =] ~00,00 [=R; Range=Ry =0
v. Domain=Dy=] -00,00 [=R; Range=Ry =0
vi. Domain=Dy=] -00,00 [=R; Range=Ry =[-6,6]




EXERCISE®S.2

iii. even iv. even

vii. odd  viii. odd

- Characteristics
seresmessssssesissssssscessecesdaeeeop Domain = (-00,00)=R
Range = [-2.2]
Period = 2rn
Amplitude = 2
3 Nature = odd function
51\ In 4 il b ek

Ll LT ———

ufa

T Tl T TR

v
i
1]
[}
1
]
]
¥
]
L}
L]
i

w

(-00,00)=R
[-'2! 2]
i
i3
2
even function
; Characteristics
i Domain = % <x=< %—+1%
: Range = ] -00,00 |
b3 A Period = _le.
Amplitude = Nil

Nature = odd function

%




iv.

¥ y-axis

k. y-axis

vi.

Characteristics
Domain = (-00,00)=R
Range w! L4
Period = 4m
Amplitude = 1
Nature = even function
‘Characteristics
Domain = (-00,00)=R
Range = [=2,2]
: _ 2w
Period =
Amplitude = 2
Nature = odd function
o/
Characteristics
Domain = (-00,00)=R
Range = [=3,3]
Period = 27
Amplitude = 3

even function
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.= even function

Nature

o —— -

1

= Sin 2x

-l

8 L

A it

y==]

y y-axis

A4 y-axis

Cos x
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¥ y-axis
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X-axis
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4 y-axis

v Yy-axis

1
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X-axis
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y-axis
a. each cycle is E}E second

b. k= 20,160

c. 180

d. V(t) = 180 Sin 20, 160t

h(t) = —8.5 Cos () + 105
y = 2 Cos [2mx] + 18

REVIEW EXERCISE

i b ii. a iil. ¢ iv. a
vi. a vii. a viii. b iX. ¢
xi. a xii. b xiii, ¢ . xiv. b

Xvi. ¢ xvii. d . Xviil. a




Lo

Period = -2— s Amplitude = —20 ; Vertical shift = 24

h(t) = =20 Cos ("?‘ )+ 24

The height is 32 m after Sminutes.

Maximum height = 22 m, Minimum height =2 m.

a.
b. The height is 12 m after 30 seconds.

c. One complete revolution takes place in 120 seconds.
a.y =10Sin 1440 £, y = 10 Sin 1440 (¢ -%)‘

b. Domain = {t /t = 0,t € R}, Range = {y/ =10 <y < 10,y € R}

ii.

iv.

Vi.

Vii.

viil.

Domain
Domain

Domain

Domain
=]-0,0[=R
=]-e0,0[=R
=]-00,0 [=R
=]~o,00[=R
=]-w,0[=R
=]-00,00[=R
R-3, n€Z
=]=-00,00[=R
=]-o,0 [=R

=]-0,0 [=R

=]-®,0[=R

Range
Range=[-2, 2]

Range=[-5,5]

Range-[-;.;]

-

-Range=[—%;%.]

Range=[-3,3]
Range=[-7,7]
Range=] - 00 00 [
Range=[-9,9]
Range =[7, 9]
Range =[2, 12]
Range =2, 10]

-
3,
&

T =
leﬂﬂ

IO AtV VIR Ry




GLOSSARY

Adjoint of a matrix: A matrix of order 2, obtained by interchanging diagonal elements and changing
the signs of non-diagonal elements.

Algebraic expression: A statement in which variables or constants or both are connected by

arithmetic operations (i.e. +,—, x, +).

Allied angles: The angles connected with basic angles of measure £ by a right angle or its multiple, are
called allied angles.

Arithmetic mean: A number M is said to be arithmetic mean between two numbers a and b if a, M, b are
in AP

Arithmetic sequence: An arithmetic sequence is a sequence in which each term, after the first, is found
by adding a constant. :

Arithmetic series: The sum of the terms of an arithmetic sequence is called an arithmetic series.
Arithmetico-geometrico sequence: This sequence is the result of term-by-term multiplication of a
geometric progression with the corresponding terms of arithmetic progression.

Column: The vertical arrangement of objects.

Column matrix: A matrix having only one column.

Combination: If in the arrangements of objects their order is not important then this arrangement of
objects is called combination.

Complex number: The number of the form a + ib, where a and b are real number and i = «f—__l ;
Complex polynomial: If z is a complex variable, then the expression ay + @,z + azz* + -+ a,z" is
called complex polynomial of degree n if @, # 0 and n is a non-negative integer.

Conformable for matrix addition: Matrices of same order so that they may be added.

Conformable for matrix multiplication: If number of columns of first matrix is equal to the

number of rows of second matrix so that they may be multiplied in that order.

Conformable for matrix subtraction: Matrices of same order, so that they may be subtracted.
Conjugate: Two complex numbers differing only in the sign of their imaginary parts.

Constant polynomial: A polynomial having degree zero is called a constant polynomial.
Consistency criteria: A system of homogenecous linear equations is consistent if Rank A = Rank A,.
Consistent system: A system of equations is consistent if it has at least one solution.

Cross product of vectors: The product of vectors resulting in a vector quantity.

Cubic polynomial: A polynomial having degree three is called a cubic _

Deductive reasoning: Deductive reasoning is a logical approach where someone moves from general
ideas to specific conclusions.

Determinant of a matrix: A number obtained by subtracting the product of non-diagonal elements
from the product of diagonal elements, in a square matrix of order two.

Diagonal: A line joining any two vertices of a polygon that are not joined by any of its edges;
clements running from the upper left corner to the lower right corner of a square matrix.

Diagonal matrix: A matrix in which all the non-diagonal elements are zero but at least one

element of the diagonal is non-zero. .
Direction angles: The angles that a non-zero vector © makes with the coordinate axcs in the positive
direction arc known as direction angles of 7.

Direction cosines: Coines of direction angles are called direction cosines.
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Domain of trigonometric functions: The domain of a function f(x) is the set of all possible values of
‘x" such that function f{x) is defined. '

Dot product of vectors: The product of vectors resulting in a scalar quantity.

Equal vectors: Two vectors @ and bare equal if both have the same magnitude and direction.

Equality of complex numbers: Two complex numbers are said to be equal if both have the same real-

and imaginary parts.
Equality of matrices: Two matrices are equal if both have the same order and the same corresponding

elements. -

Even function: A function is even if and only if f{—x) = f{x).

Factor theorem: A polynomial p(x) has a factor x — ¢, if and only if p(c) = 0.

Factorial: Factorial of an integer n is denoted by n! = 1 x2x 3 ..(n — 1)n,

Fundamental law of trigonometry: This law is stated as: cos(a — B) = cos a cos f + sina sin 8
Geometric mean: If a, G, b is in a geometric sequence, then G is called the geometric mean of a and b.
Geometric sequence: A geometric sequence is one in which each term after the first is found by
multiplying the previous term by a constant called the common ratio.

Geometric series: The sum of the terms of a geometric sequence is called a geometric series.

Graphic solution: Method of solving two simultaneous equations by plotting the graph of each

equation.
Harmonic mean: A number H is said to be the harmonic mean between two numbers ¢ and b if a, H, b

are in H.P.

Harmonic sequence: A sequence is called a harmonic sequence if the reciprocals of its terms are in-an
arithmetic sequence.

Imaginary part: The coefficient / in any complex number.

Inconsistent system: A system of equations that has no solution is called inconsistent.

Inductive reasoning: It is a method of reasoning in which general principle is derived from
observations.

Inequality: The relation between two comparable quantities, which are not equal.

Irrational expression: An algebraic expression that is not rational is called an irrational expression.
Linear polynomial: A polynomial having degree one is called a linear polynomial.

Lower triangular matrix: A square matrix in which all the elements lie above the main diagonal are
Zero.

Matrix: A rectangular arrangement of numbers enclosed within square brackets.

Modulus of a complex number: It is the distance of a complex number from its origin.

Negative of a vector: A vector having the same magnitude but the opposite direction is called the negative
of the given vector.

Non-singular matrix: A matrix with non-zero determinant.

Null matrix: A matrix with all entries to be zero.

0Odd function: A function is odd if and only if fi—x) = —f{x).

Order of a matrix: If a matrix has m number of rows and n number of columns then the order of the
matrix is m-by- n.

Ordered pair: A pair set in which x is designated the first element and y the second, denoted by (x, y).
Parallel vectors: Two non-zero vectors @ and b are said to be parallel ifd = Ab.

Periodic function: A periodic function is a function where values repeat after a specific time interval.

Periodicity: The periodic behavior of trigonometric functions is called periodicity.
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Permutation: The arrangement of numbers or things in a definite order is called permutation.
Polynomial: Algebraic expressions consisting of one or more terms in which exponents of the variables
involved are whole numbers.

Position vector: The vector used to specify the position of a point P with respect to the origin O is called
the position vector of P.

Quadratic polynomial: A polynomial having degree two is called a quadratic polynomial.

Range of trigonometric functions: The range of a function f{x) is the set of all possible values of the
function f(x) can take, when ‘x" is any number from the domain of the function.

Rational expression: An algebraic expression of the form P(x)/Q(x), where P(x) and Q(x) are polynomials
and Q(x) = 0. ;

Rectangular matrix: A matrix having an unequal number of rows and columns.

Remainder theorem: If a polynomial p(x) is divided by x — ¢, then the remainder is p(c).

Row: Horizontal arrangement of clements.

Row matrix: A matrix having only one¢ row of elements.

Rule of product: If event A can happen in m ways and event B can happen in n ways then pair

(A, B) can happen in m X n or mn ways.

Sequence: A sequence is an arrangement of objects or numbers in a particular order followed by some
rule.

Scalar matrix: A diagonal matrix with equal diagonal elements.

Scalar quantity: A physical quantity that can be completely specified by its magnitude only.
Simultaneous equations: Set of equations satisfied by the same solution.

Singular matrix: A matrix with zero determinant.

Skew symmetric matrix: A matrix whose transpose is not equal to the matrix itself.

Solution of equations: The solution of an equation is the process of finding the values of the unknown
involved in the equation.

Square matrix: A matrix having an equal number of rows and columns.

Symmetric matrix: A matrix whose transpose is equal to the matrix itself.

Terminating decimal fraction: A decimal fraction whose decimal part is finite.

Transpose of a matrix: A matrix obtained by interchanging rows and columns of a given

matrix.

Triangular matrix: A square matrix that is either upper triangular or lower triangular is called a triangular
matrix.

Triangular numbers: A triangular number counts objects arranged in an equilateral triangle.

Unit matrix: A diagonal matrix having all diagonal elements equal to one.

Unit vector: A vector that has magnitude 1 is called a unit vector.

Upper triangular matrix: A square matrix in which all the elements lying below the main diagonal are
Zero.

Vector quantity: A physical quantity that is completely specified by its magnitude and direction.
Zero matrix: A matrix having all elements equal to zero.

Zeros of a polynomial: A value of the variable for which the value of the polynomial is zero.

Zero polynomial: A polynomial having “0" as the only term.

Zero vector: A vector in which the initial and terminal points coincide.
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