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TRIGONOMETRIC FUNCTIONS

After studying this unit, students will be able to:

¢ Find the domain and range of the trigonometric functions.

¢ Discuss even and odd functions, and the periodicity of trigonometric functions.
¢ Find the maximum and minimum value of a given function of the type:

-

-

a + bsinB,

a + bcosl,

a + bsin(c® +d),

a + beos (cb +d),

The reciprocal of above, where a, b, cand d are real numbers.

¢  Graph and analyze the trigonometric functions sine, cosine, and tangent to solve problems.
¢ Explain the properties of graphs of sin8, cos@ and tan8.

e Apply the concepts of trigonometric functions, identities, graphs, periodicity, even, odd
functions, and extreme values to real-world problems such as (distance, elevation, and
direction of tall structures, navigation and mapping, lengths of irregular shapes, graphs to
visualize and predict patterns in data, frequency and periodic length of Ferris wheel, forces
on a see-saw or lever, the ideal angle for solar panel placement)

A Ferris wheel is 60 ft. in
It makes one
revolution every 100 seconds.
Yasir climb up 6 feet of stairs to
get on the wheel at its lowest
point. Model the height of a
rider as a sinusoidal function
and graph 1 revolution.

diameter.

o 25 30 75 100
e Time 1 {in scconds)




9.1 Domain and Range 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. The-range of a function f{x) is the set of all possible values the function f{x) can take,
when “x’ is any number from the domain of the function.

y-axis A
-~ P[-r y
Let ‘0’ be any real number. Construct the angle 3
r
whose measure is @ radian, with vertex at the origin y
of a rectangular coordinate system. Let the initial 4 -
' . 0 & M x-axis
line of the angle ‘8’ be along x-axis. Let P (x, ¥) be
" any point on the terminal side OA of the angle and
on the unit circle i.e. =1
LetOP =r - Key Facty
. Then from rt£ZAOMP: l « [a, b]is called closed
) / 5 interval of numbers from a
() Sin 6 =2 H tobnd
g [a, b]=a<x<b.
Forany ‘6" -r=<ys<r « (a, b) is open interval
2wl such that
==l (a,b)=a<x<bh.
| —-1=<Sin8 <1 -
Domain of Sin @ = Ror (—oo, ) and range of Sin 8 =[-1, 1]
: (i) Again, from rtZAOMP:
Cos ==
=
For any ‘8’ -r<x=<r
| -1=3g1
r
' -1<Cosf<1
| »
. Domain of Cos @ =R or (—e0, ) and range of Cos 8 =[—1, 1]
; v (iii)  Since Tan @ is defined for any real number ‘@’ which is not an odd multiple of E
:i‘ For any such value of ‘@', the ratio%can be any real number.

Domain of Tan 6 =R — {(2n +1) %, n € Z)
Range of Tan # =R |




(iv). Cot @ is defined for any real number ‘8° which is not an even multiple of ; ‘

For any such value of ‘8", the ratio ; can be any real number.

Range of Cot 8 =IR

(v)  Sec 8 is defined for any real number ‘8° which is not an odd multiple of g

L
Domain of Cot 8 =IR — {nm,n € Z} }
\
\

For any such value of ‘8", we have:

-1s¥g1 e, [=1 :

1}|21=|£|a1 = |SecB] =1

Domain of Sec # =R — {(2n +1);;£ ,nel}
Range of Sec 8 =R — (—1,1)
(vi) Cosec 8 is defined for any real number ‘@° which is not an even multiple of % i

For any such value of ‘8’, we have:

f 5§£ 1 ie, |§| <1
> |

r

=1 = |-| =1 = |Cosec 8| =1 ¥

Domain of Cosec 8 =IR — {nm,n € Z}

Range of Cosec # =IR — (—1,1) _ |

Remark-]
The maximum (i.e., greatest) value of Sin & and Cos 8 is | and minimum (i.e., least) value is —1. |
(i) |Sin@] €1;ie,-1<Sinf <l;ie, Sin%8 < 1. 1

(i) |Cos@| <1;ie,—1<Cos@ <1;ie,Cos?0 <1. |

Remark-11 .
Tan 8 and Cot @ can take any real number value.

Remark-111 |
Sec 6 and Cosec @ cannot take value in the interval (—1,1). ’

| Sec 8| = 1,i.e., Sec?d = 1

| Cosec 8] = 1,i.e.,Cosec?8 = 1



¥y = Cosx R = (—00, ) -1sysl

y = Tan x {x:xeIR A x#(2n+ 1)%, n an integer} | IR = (—oo,)

y=Cotx |{x:xelR A Xx#nmnaninteger} IR = (—00, )

y=Secx |{X:xeRR A.x#[2n+1]%.naninteger} 1<yandy < -1

! y =Cosecx [{X:xX€IR A x# nm, nan integer} lsyandys -l

' Example1:
Find domain and range of the following;

1
2Cosx -1

{iv) . 2—5;3:

(i) y=48Sin3x (i) y=

1
142 5in8g

(i) y=
Solution: (i) We are given
¥y =4 Sin3x (1)
) Since (1)is defined for all real values of ‘x’. Then, domain of y = Dy= (—o0, ) orlR.
+  Similarly, to find the range of (i). Let,

5 3x=46
Form (1) y=4Sing )
As, range of Sine functionis —1 € Sin# < 1.
So, —-1<Sinf<1
and -4 <45inf <4
| ~4<4Sin3x < 4
: Form (1) —4 <y < 4, thus

Range of y =Ry=[—4,4].

(ii) We are given

(3)

B = 2Cosx -1
Since (3)is defined for all real values of *x” except
[x:x€Rand x + (2n:r+§)hx¢(2nn+%’).ne!}.




e oy,

Therefore, domain of y =Dy=IR —{x : x €IR and x # (2nw + E} Ax # (2nm +5?") ,neZ}
Now, we find the range of (3), since, range of cosine function is [-1, 1].
We have -1<Cosx<1

—-2=<2Cosxs2

-2-1<2Cosx-1<2-1

—3<2Cosx-1=<1
-1

We get Stz =13 ‘
-1
From (3) lsys—+
y= _Tl andl <y
Thus, Range of y =Ry = (—m,—-;l] U [1,+0o0)
(iii) We are given

(4)

y = 142 8in x
Since (1)is defined for all real values of “x’ except

{x:xslﬁandr#(zmr+?)nx¢[2nrr+%),ne } ’ ‘
Therefore, domain of y = Dy=IR —{ x: x €IR and x # (2nn+??“) Ax # (2nrr+5?-),n € Z}.

Now, we find the range of (4), since, range of sine function is [-1, 1].
Similarly, -1<Sinx<1
—2<2Sinx<2 ‘
—-241<2Sinx+1=<2+1
—1<2S8Sinx+1<3

1 1 \

T 35T 1S ! 3

1 |

From (4) Eﬂfﬂ—l ¥
1

SEY andy < —1 W

Therefore,

|

Range of y = Ry= (—0o0,—1] U [é. +00)




(iv) We are given :

Y = —sin3x (5)
To find the domain of (5), we can see that 2 — Sin3x should not be equal to “0", i.e.,
; ' 2—=5in3x+0
_ Sin3x + 2
Which is understood because —1 < Sin 3x < 1, so (i) is defined for all real values of ‘x*. .
Hﬂﬂﬂ@. Domain ﬂf}' = Dy = {*-III‘ EI'J) or IR.

Now, we find the range of (5), since, range of sine function is [-1, 1].
We have -1=<Sin3x<1
—(=1)=-Sin3x = -1
1=2-Sin3x=-1
24122-Sin3x=2-1
3>2-Sin3x=1

1 =0 1
Fi 5 o i e
GRL) 352 sm3x =1
Therefore, Range of y =Ry= [;1, 1]

9.2 Periodicity of Trigonometric Functions _
We often encounter periodic phenomenon in the nature, technology, and human society. Recall
the 24-hour day-night cycle, or tidal cycles caused by the moon revolving around the earth.
A periodic function is a function whose value repeats after a specific time interval. A periodic
function is represented as ;

fx+p)=f(x)
Where “P” is the period of the function. For example, Sine wave, triangular wave, square wave,
and saw tooth wave are periodic in nature.

\VAVAVAVAVAY,

Sine wave Square wave
[ | AN
Rectangular wave - Saw tooth wave

All trigonometric functions repeat itself at regular intervals, or periods. The values of trigonometric
functions for ‘0" and “2nmw + 8', where 8 €R and n e Z, are same. This periodic behavior of
trigonometric functions is called periodicity.

T




9.2.1 Periodicity of Sine Function
Suppose “P" is the period of Sine function, then:

sin (8 + p) =sin#@ (i) where 8 € IR. Wy Fncte
: _ ) Period of a trigonometric
Now putting 8 = 0, we have: function is the smallest +ve
sin (0 + p) = sin0 all integer which when added to

the original circular measure
of the angle, gives the same
= p= “Y0) =0,+m+ 2m +37, ... value of the function.

= Sinp=0

Case 1: Putp=min (i) , Sin( 8 + m) = sin @, which is not true.
Sin(m +8) = —Sin#
. 1T is not the per'm& of Sin 6.
Case2: Putp=2min(i)
(6 + 2m) = Sin@ (ii)
From (i) LHS= (2r+6)= Sin(4 ;’; +8)=Sinf#=RHS

Since terminal side of angle is in first quadrant, and ‘27" is the smallest +ve real number

for which: Sin (6 + 2m) = Sin 4. - Key Facts
. . - : el Cosine is the periodic
2% 15 the period.of Sin 6. function and its period is
: ' 2m.
9.22 Periodicity of Tangent Function | cos (8 + 21) = cos 0
Suppose “P" is the period of Tangent function, then:
tan (8 + p) = tanf (i) where 6 € IR.

Now putting # = 0 in (i), we have:
tan(0 + p) = ran0

= tanp =0
= p =tan"1(0) =0, m,2m,3m, ...
Put p =m in (i)

Tan (6 +m) = Tan @ (ii)

From (ii): L.H.S=Tan (7 + 6) = Tan (2 ~’;-+ 6)= Tanf = R.H.S

Since terminal side of an angle is in third quadrant, and *r’ is the least +ve real number
for which:

Tan(6 +m) =Tan#@
. 1 is the period of Tan 8.




— Key Facts
Cotangent is the periodic function and

its period is m.
cot (B +m) =cot B

If “P” is the period of a periodic function f(x), then ﬁ is also a periodic function and

will have the same period “P " as f(x).

Thus, y = cosec is a periodic function and its period is 2 because sinf =

cosecl’
Similarly, y=sec@ is a periodic function and its period is 2m because cosf = —.
If“p” is the period of the periodic function f(x), then f(ax + b), @ > 0 is also a periodic function
: .
with a period lal
, 2
f(x) = Sinx 2n Jix) =sinax or f(x)=Sin(ax+ b) m
" 2m
f(x) = Cosx 2n fix)=cosax or f(x)=cos(ax+b) fal
T
f(x) = Tanx n fiv =tanax or f(x) =tan(ax+b) Tal
3
f(x) = Cotx n ftx) =cotax or f(x) =cot(ax + b) Tal
2n
f(x) = Secx 2m fix)=secax or f(x)= sec(ax+b) Tai
. 2
f(x) = Cosecx 2r | fix) =cosecax or f(x) =cosec (ax + b) al
Example 2:
Find the periods of:
(i)  f(x) = sin3x (i)  flx) =cosT (i) f(x) =tan=
Solution: -

(i) 'We know that period of sine function is 2w, i. e., period of sin x = 2rr




Period of sin (ax 4+ b) = —“ , Wherea =3 Key Facts
- - & — 2“ — L
=  Period of sin 3x = I Periodicity of cos’(x) = 5" =7
__ Periodicity of CosX .o, +:
(ii) We know that pennd of cos x = 2m £ = 2 UEnolxeven)
- * Periodicity of cos"(x)
Period of cos (ax + b) =% =2
( ) lal * whete 5 = Periodicity of cos x
s Periudnfcocs-25=%5=2::.5= 5. =2m (if 'n’is odd)
= 5 i . e Similarly, for Sine function.
Hence, 5 is period of cos %-;- * Periodicity of tan"(x)
_ . _ = = Periodicity of tan x ’
Check: Since ‘57’ is period of cos - (no matter ‘n’ is even or odd).
“ cos (z?z + 5m) = cos -E (x+2m) R .

This clearly shows that ‘57 is period of cos =
(i)  We know that the pcriod of Tangent is m, i.e., Period of tan x = .

Period of tan (ax + b) = .whcrca=;

S S .
= Period of tan > - _-"!f- me -
Hence, ?—:ik period of tansTx

Note: If “p™ is the period of the periodic function f(x) then a f(x) + b, a > 0, is also a periodic
function with a period of “p”,

ic Functions
f(x)= usinx+b
f(x)=acosx+b

f(x)=atanx+b

f(x)=acosecx+b
f(x)=asecx+b
f(x)=acotx+b

Example 3: Find the period of f(x) = cot 3x + sin =
Solution: .

Since, period of sin x = 2w

Since, period of cot x =1

Puiodnfcnt{ax+b)-ll:i wherea =3
rum,mepmodofmax=§

Period ufnm{ax+b)=-—— whuea-- v

T’hus,thnpmodofsm—= T-Sn
3;.,;—- s
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Hence,  period of f(x) = 2 =3n

Hence, 3m is a period of cot 3x + sin 13_: HCFof3and1

Period of f(x) = L.CMof mand 3n

Example 4: Find the period of f(x) = 7 sin (3x + 5).
Solution: f(x) = 7sin(3x+5)

Since, period of sin x = 2m
Period of sin [ax+b}==% wherea=3
Thus, the period of 7 sin (3x +5) = =,
9.3 Maximum and Minimum Values of Trigonometric Functions
(i) a+bsing © (i) a+bcos@
(ili) @+ bsin (cf + d) (iv) a+bcos(ch +d)

The reciprocal of the above where a, b, ¢ and d are real numbers.
(i) a+bsin @
Maximum value (M) =a +|b] (1)

: ‘=a+|b| = whensin # = 1
or a + b sin @ is maximum when b sin 8 is maximum and it is maximum when sin 8 is maximum.

As sin 0 is maximum when sin 8 = 1.

Minimum value (m) = a +|b| {—lj

=a—|b|]=when 6=-1
or a + b sin @ is minimum when b Sin @ is minimum and it is minimum when sin 8 is minimum.
We know that sin @ is minimum when sin 8 = —1.
(ii) a+bceosh

Maximum value (M) =a +|b| (1)

=a+|b|=whenmsﬂ=1 !
ora+bcos@is maxlmum when b cos @ is maximum and it is ﬁ‘t-a.xfmmn'ﬁheu-ms # is maximum.
As cos 8 is maximum when cos 8 = 1. '

Minimum value (m) = a +|b| (—1)
=a—|b|=>when 68=-1

ora + b cos @ is minimum when b cos @ is minimum and it is minimum when cos 6 is minimum.
As cos @ is minimum when cos 8 = —1,

(iii) a-+ bsin(cl +d) '
Maximum value (M) =a +|b| (1) . |
=a+|b| = whensin (¢ +d) =1 |




ora + bsin(cf + d) is maximum when b Sin(c6 + d) is maximum and it is maximum when |
sin(cf + d) is maximum. As sin(c6 + d) is maximum when sin(cf +d) = 1. |
Minimum value (m)=a +|b| (=1)
=a —|b| = when sin (cf +d) = -1
ora + b sin(c@ + d) is minimum when b sin (¢f + d) is minimum and it is minimum when
sin(c@ + d) is minimum. As sin(c6 + d) is minimum when sin(cf +d) = —1. | ;
(iv) a+ bcos(cO+d)
Maximum value (M) = a +|b| (1)
=a +|b| = when Cos (¢6 +d) ='1
ora + b cos(c@ + d) is maximum when b cos(c8 + d) is maximum and it is maximum when
Cos(c8 + d)is maximum. As cos(c@ + d) is maximum when cos(c8 + d) = 1.
Minimum value (m)=a +|b| (—1)
=a —|b| = when cos (cf + d) = -1
or a + cos(cf + d) is minimum when b cos(c6 + d) is minimum and it is minimum when

cos(cB + d) is minimum. As cos(c@ + d) is minimum when cos(cf + d) = —1.

Example 5: Find the maximum and minimum values of y =3 + 4 sin 8.

Solution: y=3+4sin8 (i)

Since, y=a+bSin@ (ii) 1

+  Comparing coefficients of (i) and (ii): |
a=3 and b=4 ‘

Maximum value (M) Minimum value (m)
M=a+|b|=3+4=7 m=a-—|bl=3-4=-1 ‘
M=T7 : m=—1 |
Example 6: Find the maximum and minimum values of y = % —5Cos 6. 1‘
Solution: y= % —5Cos# (i) .
Since, y=a+bCos@ (ii) - _ i
Comparing coefficients of (i) and (ii): ‘

1 -
a=3 and b=-5 i
Maximum value (M) Minimum value (m) |
M = a+|b| = ;+|-5I © m=a-|bl=;-1-5| I 3
1 _16 s

] ~ +5= - =3 5 3 ‘

16 . L

Example 7: Find the maximum and minimum values of the following trigonometric functions. ‘

(i) y=1+2sin@ (ii)y=3+2cos (36 —2) (iii]y=l+”m;9_m |

|



Solution: (i) y=1+2sinf (1)
Since, y=a+bsiné i (2)
Comparing coefficients of (1) and (2):

a=1 and ‘b =2

Maximum value (M)
M=a+|b|=1+4+2=3

Minimumv_mlur. (m)
m=a-—|b|=1—-2=-1

M=3 m=-—]
(ii) y=3+2Cos (38 —2) (1)
Since, y=a+bCos(c@+d) (2)
Comparing coefficients of (1) and (2)
a=3 and b=2
Maximum value (M) Minimum value (m)
M=a+lb|=3+2=5 m=a=|b|=3-2=1
M=35 m=1]
(iif) Y=1+3s;nl{za ~15) )
Then the corresponding reciprocal function of (1) is
y=1+38in (28 — 15) (2)
Since, y=a+ b Sin (cf + d) (3)
Comparing coefficients of (2) and (3):
a=landb=3
Maximum value (M) Minimum value (m)
M=a+|b|=1+3=4 m=a-—|bl=1-3=-2
M=4>0 m=-2<0
Now for maximum value of (1) - Now for minimum value of (1)
Let | - Let
W= et m= 43
M= % m'=‘l2
T [ Key Facts
. IfM>0 andm> 0, then
; M== and m’= %




B i e——

1. Find the maximum and minimum values of the following trigonometric functions.

(i) y=2-2Cos#@ (i) y=3 —3Sin@
(iii}y=*;~—25in(aﬂ—?) (iv) y=7 +%Cns(2&—1}
2.  Find the maximum and minimum values of the following reciprocal trigonometric
functions.
. _ 1 i - 1
0 Y= i+3sine () y ;!-51:“3
y g = 1 : = 1
(i) y = } - 4 5in(20-5) (iv) y 3+ i! Sin (50-7) '
3. Find domain and range of the following:
(i) y=7Cos4x (i) y=Cosz
(iii) y=Sin =" - (iv) y=7Cot Zx

(V) y=4 Tannx (vi) y=Cosec 4x

4. Find the periods of the following:
(i) ¥=6Sec(2x—3) (i) ¥ =Cos(5x+4) (i) ¥ =Cotdx +Sin >

(iv) y=7Sin(3x+3) (v) ¥y=5Sin(@x+3) (vi) ¥ =2 Tan3x + 7 Cos5x




9.4 Graphs of Trigonometric Functions

All the trigonometric functions are periodic functions. We can draw their graphs on the intervals
of lengths equal to their periods. Because, when the graph of a periodic function of period ‘p’ is
drawn in a given interval, then it is sufficient to draw its graph only in that interval. Further, it can
easily be drawn completely by repeating it over the intervals of lengths ‘p’.

Procedure for Sketching Graphs of Sine and Cosine Functions
To graph y = a sin bx or y = a cos bx, with b > 0, follow these steps.

Step 1: Find the period EE. Initially, start from “0"" on the x-axis, and lay off a distance of -zb—".

Step 2: Divide the given interval into four equal parts:
a. Find the midpoint of the given interval by adding the end-points of each interval and
dividing thesumby 2. -
b. Find the quarter points (the midpoints of the two intervals obtained in part (a)).
c. Continue in the same way until the required number of equal parts are obtained.

Step 3: Evaluate the function for each of the five/nine/thirteen x-values resulting from step 2.
The resulting points will be maximum points, minimum points, and x-intercepts.

Step 4: Plot the points obtained in step 3 and join them with a sinusoidal curve having amplitude
|al.

Step 5: Draw the graph over additional periods if required.

Angles in Degrees and Radians

2T 5w 7 4m 3 S 11m

— w — e

3 6 6 3 2 3 6
0° | 30° | 60° | 90° | 120° | 150° | 180° | 210° | 240° | 270° | 300° | 330° | 360°

0 2

R
wlH
A

Graph of y = sin x
We know that sin x is a periodic function of period 2.

Step 1: For this function b = 1, so the period is 2m.
The function will be graphed over the interval [0, 27 ].

Step 2: Divides the interval [0, 2 J'in twelve equal parts to obtain the x-values:
ﬂnrrn'z:r 5m Tk 4n I Sm 11::2“

EJ 3’ Er?l ?r m, ?1?1 ?r ?J T
Step 3: For this, we first construct the table determined by the x-values in Step 2.

o 0 E E n 2_1: Sm = ?ﬁ ' 4 3m Sm 11w 9
6 |3 |2 |7 |% 6 | 3 |Z| 7T | |I*F
sinx| 0 [05[086]1 [086]05| 0 |—0.5(—086] -1 | —0.86| —05| 0

Step 4: Plot the points (0,0), (£,0.5), (£, 0.86), (51) (5.086).(%,05),

(m,0),(£,-05), (¥,-086),(F,-1),(,-0s6), (2=, 0.5 ), (2m,0).



Step 5: Join them with a sinusoidal curve having amplitude 1.

2 2 y-axis
1 =1
* ---------------------------------------------------------------------- }r.. ..... 'P.
: : : : L] : L : L L L Ll L L *
x-axis O| = ® = 2rx 5S¢ w\7n 4n 3mx 5m llv2n x-axis
6 3 2 3 6 3 23
B e -
=1 y==—1
--2 -~
Characteristics
Domain = (—00,00)=IR
Range = [-L1]
Period =2Im
Amplitude = |
MNature = odd function

The graph in the interval [0, 27 ] is called a cycle. Since the period of the Sine function is 2m.

So, the sine graph can be extended on both side of x-axis through every interval of 2m.
Graph of y = cos x

We know that cos x is a periodic function of period 2.
Step 1: For this function b = 1, so the period is 2m. The function will be graphed over the
interval [0, 2 ].

Step 2: Divides the interval [0, 2n] in twelve equal parts to obtain the x-values:
§. 5 E goiw 5§ 0 an Sx 38 woa
israrzjgfﬁiiﬁfaizlsaﬁ!

Step 3: For this, we first construct the table determined by the x-values in Step 2.

. 0 n U i 2_:: 5_1-: . '?_tr 4 I Sm 11w -
6 | 3|23 6 3 3| 2| 3| 6
Cosx | 1 (08 | 05| 0 |-05|-086|-1|-086] -05]| 0 0.5 | 0.86 1

Step 4: Plot the points (0,0), (%,0.86), (3,05),(5.0), (£~ 05), (2. —0.86),

(m,-1), (%5, -0.86), (2, -o. 5). (%, 0),(%,05), (2=.086), (2m, 1).




jreon y=1 Characteristics

Domain = (—00,00)=IR
Range ==L}

Period =2n
Amplitude = 1

Nature = gven function

The graph in the interval [0, 2m ] is called a cycle. Since the period of the Cosine function is 2.
So, the Cosine graph can be extended on both side of x-axis through every interval of 2.
Graphofy= fan x
We know that ran x is a periodic function of period m.
Step 1: For this function b= 1, so the period is 7. The function will b-e graphed over the interval
[D, 4 ]* :
Step 2: Divides the interval [0, ] in twelve equal parts (From 0 to 1 :7) to obtain the x-values:
0,+% +3,4+5 5,47 4
Initially, we draw the graph nf tangent function from 0 to +m.
Step 3: For this, we first construct the table determined by the x-valu 2s in Step 2.

5w 2m T m T T m m 2w 5w =

¥ |wml=l==l=3l~3 | "5 V|6 |7 {2] 3 6

Tanx | 0 | 058 [ 173 | —e [-1.73| 058 | 0 (0581173 | o | =173 | -058 | 0

Step 4: Plot the points (-, 0), (— 2=, 0.58), (— 2, 1.73), (- 5. @), (-5, -173).
(-%,-058) (0,0, (,058), (5.1.73), (g. w),(Z,-1.73), (%~ 058), (z.0).
Join these points by a free hand curve to obtain the graph offtan x.

=

i aT v
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Graph of y = 3 sin 2x

We know that sin x is a periodic function of period 2.

Step 1: For this function b = 2, so the period of y = 3 Sin 2x i lS —= . The function wnll be
graphed over the interval [0, ).

Step 2: Divides the interval [0, m ] in eight equal parts to obtain the x-values:

EE B & 3ndn Sn
) ‘ﬁ’-" 3’ :J 3'! "P EIH. -
Step 3: For this, we first construct the table-determined by the x-values in Step 2.

=

% 0 3 T T m 2m am Sm .
6 4 3 2 = 4 | 6
n n 2m m 3m 5w
. 2x - = = et o b 2
* 1 5 2 3 = 3 2 3 "
Sin 2x 0 ﬁ 1 E 0 _E -1 _E 0
! 2 2 2 2
3 Sin 2x 0 2.61 3 2.61 0 =2.61 -3 -2.61 0

Step 4: Plot the points (0,0), (%, 2:61), (%.3), (%,2.61), (%.0), (2, —2561), (%%, -3),
(3.-261), (m,0).
Join them with a sinusoidal curve having amplitude 3.

Step 5: Extend the graph by repeating the cycle, from 0 to .
4 y-axis y=3

: In the similar way, we can draw the graphs for the interval from —2m'to 2.

| Characteristics
i Domain = (-00,00)=IR
: Range = [-3,3]
Period = T
Amplitude = 3
Nature = odd function




I Key Facts Key Facts ‘
For y = a Sin bx, we know that =1 < Sinbx <1 ‘
and —a<aSinbx<a. Also, Sinx is a
periodic function of period 2m. Therefore,

For y =a Cos bx, we know that —1 < Cos bx <1
and —a<aCosbx<a. Also, Cosx is a

periodic function of period Zm. Therefore, Cos bx

M b ds ¥ F in
Sin bxisperiodic functionof period - Hence, is periodic fenction of pﬂiﬂdL:. Hence, a Cos b ds

3 ST z -
a Sin bx is periodie function of period + periodic function of period %.

Graph of y = 3Cos2x
We know that Cos x is a periodic function of period 2. '
Step 1: For this function b = 2, so the period of y =3 Cos 2x is z?x = 1. The function will be

graphed over the interval [0, 7 ].

Step 2: Divides the interval [0, m ] in eight equal parts to obtain the x-values:
gEZxEixixix
atatalztat e’ e’
Step 3: For this, we first construct the table determined by the x-values in Step 2.

. 0 i LS T L 2n 3n 5m
6 p 3 2. | T | ZT | T | "
m m 2 4 3m S5t |
2x 0 - - —_— — —_ — 2
3 2 3 % 3 2 3 4 1
Cos 2x 1 1 0 _—1 -1 _—1 0 -1- 1 ‘
2 2 Z 2
3Cos2x | 3 LS -1.5 -3 -1.5 0 1.5 3 l

Step 4: Plot the points (0,3), (£, 15), (%,0), (%,-15), (%, -3),(%.-15), |
(%.0).(%.15).x. "
Join them with a sinusoidal curve having amplitude 3. J

Step 5: The graph can be extended by repeating the cycle.

1==34 .
24 ‘
Characteristics b | |
Domain = (-00,00)=R ) )
Range = i-3,3] saxi j
Period = T T
Amplitude = 3 24
Nature = even function ‘
===}




In the similar way, we can draw the graphs for the interval from —2m to 2.
Graph of y = cosec x
We know that Cosecant function is a reciprocal of the sine function which is a periodic function

of period 2. Therefore, Cosecant is also a periodic function of period 2.
Step 1: For this function b = 1, so the period is 2m. The function will be graphed over the
interval [0, 2 |.
Step 2: Divides the interval [0, 27 ] in twelve equal parts (from 0 to +) to obtain the x-values: |
o 05+l T X 4 4y
Initially, we draw the graph of Cosecant function from 0 to 4.

. Step 3:For this, we first construct the table determined by the x-values in Step 2.
= = 5m 2n | ®m| mw | ®™ 0 n m T | 2 | S5m
6 il 3 sl "Ll F 2] 31 =

Cosecx | —o| —2 |-115| -1 |-115] -2 e | 2 |115] 1 11151 2 | =

Step 4: Plot the points
(-m—), (==, ~2), (-2, -1.15), (- £,-1), (- £, -1.15), (=%, -2), (0, ),
. (£:2). (5115, (5.2). (2 115), (5,2, st
: .»  Join these points by a free hand curve to obtain the graph of Cosec x.
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Step 5: Extend the graph by repeating the cycle.
In the similar way, we can draw the graphs for the interval from —2m to 2m.

A A A A
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The graph in the interval [0, 2 ] is called a cycle. Since the period of the cosecant function is
21, So, the cosecant graph can be extended on both side of x-axis through every interval of 2m.

Characteristics

Domain -~ {x:xelRandx # nm, n an integer}
Range - (-oo,-11U[l1,00) or|y|=1

Period = 2

Amplitude - Nil

Nature = odd function

Graph of y = sec x
We know that Secant function is a reciprocal of the Cosine function which is a periodic function

of period 2. Therefore, Secant is also a periodic function of period 21,

Step 1: For this function 4 = 1, So the period is 2. The function will be graphed over the
interval [0, 2 ].



Divides the interval [0, 2m ] in twelve equal parts (From 0 to +m) to obtain the x-values:

-
-

Step 2

ki3 ™ w in S
B S o S e e
Initially, we draw the graph of Cosecant function from 0 to +m.

Step 3: For this, we first construct the table determined by the x-values in Step 2.

=1

-1.15

—2

Bl

Blm

R|w

-2).(-

5m
6

1.15

=30

=115

=3

Secx

5.1.15)

2),(-

). (-3

F2 4
3

,—1.15), (-

s
&

Step 4: Plot the points (~x, =1, (~

,(m,—1).

,—1.15)

]

Join these points by a free hand curve to obtain the graph of sec x.
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Step 5: The graph can be extended by repeating the cycle.
In the similar way, we can draw the graphs for the interval from —2m to 2m.
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- A 4 A
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The*graph in the interval [0, 2] is called a cycle. Since the period of the cosecant function is
2m. So, the cosecant graph can be extended on both side of x-axis through every interval of 2m.

Characteristics

Domain = {x:xeRand x # -+ nm, nan integer}
Range = (~00,-1]1U[1,00) or|y|> 1]

Period - 2

Amplimde = - Nil

Nature = even function

Graph of y=Cot x

We know that Cot x is a periodic function of period .
Step 1: For this function = 1, so the period is 7. The function will be graphed over the interval

[0, ].




Step 2: Divides the interval [0, m ] in twelve equal parts (from 0 to %) to obtain the x-values:
m w i m 5w
ﬂ:r :l:Ey :t;a i;: tTJ :t?; iﬂ'
Step 3: For this, we first construct the table determined by the x-values in Step 2.

= — Sm| 2w m| m | ®m 0 n L 2m S5m
6| 3| 2| 38| 6 6 13|23 | % |«
cotx |—co| 1.73 | 0.58 | =0 | —0.58| —1.73 |0 | 1.73 | 0.58] 0 | —0.58 | =1.73 |
Step 4: Plot the points _ _
& sm Zm b 4 E § o
(-m,0),(-=.058),(-Z,173),(-Z, 058),(-3,-173),(-%,-058) (0,0),
L " T in 5m
(E,u.sa). (3.173).(5.0).(%.-1.73), (¥, - 058), (m,0).
Join these points by a free hand curve to obtain the graph of Cot x.
y-axis
4 ~
| i
| :
: :
t i
| -+ : : — e —————t >
' x-axis -m o n x-axis

R g e e R
il

-‘-—--'--i-i-i--- -

i b T T pp——

Step 5: Since cotangent is a periodic function of period 7. So we shall first draw the graph in the
interval [—m, 7 ]. In the similar way, we can draw the graphs for the interval from —27 to




Ll

¥ y-axis

The graph in the interval [0, 7] is called a cycle. Since the period of the cotangent function is .

So,

the cotangent graph can be extended on both side of x-axis through every interval of 7.

Characteristics

Domain

Range

{x: xe IR and x # nm, n an integer}

{_ mvm) =R

n

Period

Nil

Amplitude

odd function

Nature




9.5 Even and Odd Trigonometric Functions
All fiinctions, including trigonometric functions, can be categorized as even, odd or neither.
e A function is odd if and only if f(—x) = —f(x) and is symmetric (by reflection) with
respect to the origin.
s A function is even if and only if f(—x) = f(x) and is symmetric (by 1807 rotation) with

respect to the y-axis.
o Key Facts

The graph of Sine function is symmetric about the origin therefore, it is an odd

function.
¢ The graph of Cosine function is symmetric with respect to y-axis therefore it is an

even function.
Example 8:
Check whether the following function is odd or even?
Solution: f(x)=x3Sinx..........(0)

Replace ‘x" by *—x’

f(0)= (=x)*. (-x)
= —(x)*. (- Sin(x)) e
=x3, Sinx = f(x)

As f(=x) =f(x)

So (i) is an even function.

Exlmble 9:

Check whether the following function is odd or even? |
(i) y=3 Sinx +4Cosx (i1) y=%
Solution:

(1) ¥ =3 Sinx +4 Cosx

Replace *x’ by ‘—x'
f(=x) = 38in (=x) +4 Cos(—x)



= —3 Sinx + 4Cosx
= —(3Sin x — 4Cos x)
As, f(=x)=# f(x) or f(—x)#-—-f(x)

So, f(x) is neither even nor odd function.

W -
Replace ‘x’ by ‘—x’ l— — . Key Facts
Flrx) = —2BEE O | Sin(=x) | = — Sin x ‘
it u E | Cos(—x) | = Cos x
_ _~Tanx -~ -
= -x+5inx 'D Tan (_x] — Tan x ‘
_ _Tanx O | Cot(—x) = — Cot x
x=Sinx = = ( -
e = ec x
As, f(=x)=f() ) L
So, f(x) is an even function, O | Cosec(—x) | = L Otate
9.6 ﬁplﬂ ication e P—s 4
Example 10: ;

A Ferris wheel has a diameter of 30 m with a center 17 m above the ground. It makes one
complete revolution every 60 seconds. . |
(1) Graph one complete period of the Ferris wheel that models the height in relation to time. |
Assume a rider starts at the lowest point. 1

(2) Find the equation of the graph using the cosine function.
(3) What is the height of the rider at 45 seconds? |
(4) At what time or times, the rider is ata height of 15 m?
Solution: - |
(1) The graph of the problem is given below:

— Height in Meters
(]
[=]

ol 15 30 45 60
' ——Time t (in seconds) ‘

R N R (e sk T



(2) We know that y =af [b(x-¢)}+d
y=ACos (Bx-=D)+C
h(t) = ACos (Bx) + C (i)
Where,

|A|=15=A=-15 and T is the period.
60 =2 =B=andC=17
Putting values in the above equation (i)

h(t) = —15Cos (& t)+17
; . = —15Cos G—'&) + 17

This is the equation which will give us the height of the rider at any time *'t’.
(3) Since -
h(t) = ACos (Bx) +C
=— Ase
h(45) = —15Cos (5 ) +17
=- L
= —15Cos (3 ) +17

= 17 meters
4)
h(t) = —15Cos (& t) + 17

15 = —15Cos (= t)+17

—2 = —15Cos (—3-’-:-]- t)

wt 2
cos (35) =%
mt —1.2
E-Cas {15}

L
e (1.437)

Here,
6 = 1437, and 6, =2mw— 143 = 4846

’ =22 (1.437), and t,= > (4.846)

= 13.7 seconds
= 46.3 seconds



3 : KE" Facts
I We can transform Sine and Cosine to fit a specific scenario using vy = af[b(x — ¢)] + d.

Maximum — Minimum
2

« ‘b’ is related to horizontal stretch (5), and to the period.

+ ‘a’isa vertical stretch, or amplitude, a =

e period =§ X 2m or period =% % 360°
e ‘c’is the horizontal translation, or phase shift.
e ‘d’is the vertical translation, which will be the midline, a = Maxbruon :"mm"m

Example 11:

The most used current is alternating current and it reverses direction in a cyclic fashion. In Canada
the standard frequency is 60 Hz (60 cycles per second). The maximum voltage is about 170 V. the
voltage can be modeled by V(t) = aSin[K(t — d)] + c.

(a) What is the period of 60 Hz AC? .
(b) Determine the value of k.
(c) What is the amplitude of the voltage function?

(d) Model the voltage with a suitability transformed Sin function.
Solution: T
(a) 60 cycles per second (b) k = ——— = 5—=216,00
(14

.1
=~ each cycle is P seconds.

(¢) Maximum = 170, Minimum = —170

Maximum — Minimum _ 170 =(=170) _ 170
2

~ amplitude =
(d)a=170,k=216,00,c=0andd =0
Vi = aSin[K(t =d)] +¢

=170 Sin 216,00 t

JUEXCreise 9.2

1. Check whether the following functions are odd or even?
(i) y=Sinx +x Cosx (i) y=x?8in x Cosx

x*Tanx - = x3 Sin x Cos %x
(lll} ! xr+ Sinx {W} y

sinx L b LT

v) ¥ e T = i) y= Sindx




Secx
x+Tanx

(vii) y =

(viii) y = x? Sinx — Cotx

2. Draw the graph of each of the following functions:

(i) y=2Sinx
(1) y=2 Tan 2x
(v) y=28Sin3x
(vii) y =Cos?x

(ix) y = Tan?x

(i) y=2Cos3x

(iv) y=Cos3
(vi) y=3Cosx
(viii) y =Sin2x
(x) y=S8inZ

3. Draw the graphs of y = Sin x and y = Sin 2x in [0, 27r] on the same scale.
4. Draw the graphs of y = Cos x and y = Cos 2x in [0, 2rr] on the same scale.
5. Solve graphically:

(i) Sinx = Cosx (i) Cosx=x .

(iii) Sinx=x (iv) Tanx=x
6. Alternating current cyclically reverses direction. The maximum voltage is about 180 volts
when the standard frequency is 56 Hz (56 cycles per second). The voltage can be

modeled by
V(t)=aSin(k(t—-d))+c

Determine each of the following:

a. Period of 56 Hz AC,

b. The value of k,

¢. The amplitude of the voltage function,

d. Model the voltage with an appropriate transformed Sine function.

7. AFerris Wheel has a diametet of 17 m. You board at the bottom of the Ferris Wheel from a
platform 2m off the ground. Ifit takes 25 seconds to reach the top, determine an equation for
the height of a rider with respect to time.

8. The pendulum of a clock swings with a periodic motion that can be represented by a
trigonometric function. At rest, the pendulum is 16 cm above the base. The highest point of
the swing is 20 cm above the base, and it take 2 seconds for the pendulum to swing back and
forth to its starting point once. Assume the pendulum is released from its highest point.
Write a cosine equation that models the height of the pendulum as a function of time.

BTV T ST . o . T T R



Review Exercise

1. Mark the correct option in each of the following:

i. 1f Cosf = — 2 and the terminal arm of angle is in III quadrant. Then sin § =.......

1 1 2
"3 b. 3 c.V3 d=7

ii. The exact value of the trigonometric function tan (=15x) =.......
a. 0 b. -1 c. 1 d. Undefined

iii. If2S8in@ + % Cesec @ and 8 = 459, then the value of the given trigonometric identity is:

a. % b.% c. % d,?
. Ifsin (270° + 6) = x and the terminal side of an angle ‘@’ is in IV quadrant,
i then x =....

a. cosfl b, —cos 8 c. sinf d. — sin@
v. The trigonometric identity 1:::::_'::;" =

a, sina b.cosa c.tana d. cota

vi. Express 2 sin 3x sin 7x as a sum or difference:

a.cos4x —cos10x b.cos10x —cos 4x  c. cos 4x+ cos 10x d. cos 10x + cos 4x

vii. Express sin 5x + sin 7x as a product:

a. 2 5sin 6x cos x b. 2 sin x cos 6x c.2 cos 7x sin 5x d.2cosSxsin 7x

viil. Iftan A = %, and tan B= % , Then cos 24 is equal to:

a.sin B b. sin 4B c.sin 3B d. cos 2B
5 i sin?x
iXx. Whether the function f(x) = e g
a. even b. odd ¢. neither even nor odd d. both even and odd
%x.  The period of cos % is:
a. 10m p2X c.2m d.4m
5

xi. 2c¢os5x.5in3x=......

a.sinBx—sin2x b.sinBx + sin 2x ¢. cos Bx + cos 2x d.sind4x—sinx




xii. The trigonometric functions which are even and having period = 2 are:

a, sinx &cos x 'h.secx&casx ¢c. sin x & cosec x d. tan x & cot x

xiii. If*f"is a periodic function and its period is m, then f(8) could be equal to:

a.2cos x b. 2 cos 3x c. 3 cos 2x d. cos 4x

xiv. If function f(x) = sin 8x is a periodic function and its period equals:

a. 1 hf c.2m ¢§
) xv. If the range of the function f(8) = a sin(26) + b, where a > 0, is [3, 5],
_ then 3a + 2b= ...

a ll b. 14 c.9 d.5

xvi. The minimum value of the trigonometric function f(8) = 17 sin(48) is:
a. 4 b. -4 e =17 d. 17

xvii. If the given figure represent the curve y = 3 sin x, then |a] + |b| =......

T y-axis {%. a)

3
32, 5)

a1 b2 e3 d.6

xviii. The maximum value of 7 cos x + 24 sin x is:

' a. 25 b.—-25 c.7 d. 24
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3.

S T

If cos 8 — sin® = v/Z sin @, then show that cos @ + sinf = V2 cos 6.

Verify the following Trigonometric identities:

tan x - cot x 2
(a) ———— = sec
sin x.cos x

x — cosec’x
secix + tanix

{ } sint % sintcost
l1-cost 1+cost

= cosec t(1 + cos’t)

Prove that:

(i tan (a + B)=tan fi
) 1+tan (a+ B). tan §

=tan a

{ii} 1+ 5in 28 - cos 28
14 5in28 + cos 280

=tan @

A Ferris wheel is 40 meters in diameter and boarded from a platform that is 4 meter
above the ground. The six o’clock position on the Ferris wheel is level with the loading
platform. The wheel completes | full revolution in 16 minutes. The function h (t) gives
a person’s height in meters above the ground t minutes after the wheel begins to tumn.

a. Find the period, amplitude and vertical shift of h (t).
b. Find a formula for the height function h (t).

¢. How high off the ground is a person after 5 minutes?

The ‘h’ (in meters) above the ground of a rider on a Ferris wheel, ‘t’ (in seconds) after
the rider begins is given:

h(t) = 10 sin (3(t = 30)) + 12
Determine cach of the following:

a. The maximum and minimum heights of the rider above the ground.
b. ¥he height of the rider above the ground 30 seconds after start.
¢. The time required for the Ferris Wheel to complete one complete revolution.

O . By =




7.

The top of the flagpole sways back and forth in high winds. The top sways 8m to the

right (+ 8 cm) and 8 cm to the left (= 8 em) of its resting position. It moves back and

forth 260 every minute. The pole was momentarily at its rest position at t = 0, before it

started moving to the right,

Find:

a. the equation of the sinusoidal function that describes the distance the top of the
pole is from resting position in terms of time elapsed.

b. the domain and range correspond to the situation described.

Find the domain, range, and period of the following trigonometric functions:

@) 2sin3 (ii) 5sin3x (iii) 3 sin =
(iv) 3 cos = (v) 3sinmx (vi) 7sin 5x
(vii) g— cot J—:x (viii) 9cos (3x — 2) (ix) 8 — cos 4x

(x) 7+5sin(2x =3  (xi) 6+4cos (2x +2)




ANSWERS

Exercise 1.1
1, =i -1 iii—f w2 wv.=1
2. i.54+6i ii.2-2i iii. 8 + 0i iv.0+10i v.18—i vi.Z42;
.. v 5.3 10
w;. 4:- 2i '.nu;t iy .
L 15—-14 "E-EI m.?i iv.0 v.5+1i
4, Lx==2iy= hx=4/3;y=5/3 ii.x=15/4,y=5/4 iv. x=7;y=1
5 4—%i
, : pr | . =7 8l
6. 1.4+ 3i ii.—3i+8 m.Z-E k]
7. i.v265 ii. 3 iii. 15 iv. J3 v. 11
Exercise 1.2
4.2 = 2 6. 1=240
8. lL4x?+ 4y’ —4y—15=0 di.x—y=0 iii.25x2+9y* =225 iv.y=—8
v.x= 11 vi-3=sy=<2
I v B 1z , i ¥ 13 iv 36
9. LE_E[ ll.m +ml IH'E_EE mn+
w=28 _ a8 vi.—1-—1i
1681' 1681
Exercise 1.3
. i (z—13i)(z + 13i) ii. 2(z — 3i)(z + 30) fii. 3(z — 110)(z + 110)

iv. (z — "'?i i)(z + %i) v. (224 3)(z—-V5)(z+V5) vi(z—1)(z-2)(z+3)
vii. (z +3)(z +4)(z—5)  viii.z=2)(z +5) (z + 3) ix. (z—8)(z + 1)
x. (z-1)(4z - 11)

2. i{34+v7} ii.{-5+v29) i“-[%z_ﬂ] “"[@

3 (-3£VET i (25 i, (341} iv. {2557
i = 3'!'3 l‘ﬂ 177
% " [1%{29"' 31!}'41::1 " {(105 zns 205 zusi ]
i 5 &8 B0,
i (G- St tim U} ivr=SHohw=g—-gi
Exercise 1.4
’s M iuq am : 3_'-‘1
i A(cosZ+isinZ) i 2v3 (cos = - isin =) iii. 212 (cos % ~isin)
2. i =i

2

s B




4. i1-1d i, =28 ¢ i -2 iv.—2v3 + 21 v.V3+i

Vi, 5% + %f vii. 6.43 + 7.66i viii. =1 4
5 iL.x+y=1iix2+y%= ﬁirﬁsﬁﬂﬁ

iv. (=v3-1)x +(v3-1)y+4(V3+1)<0 < —x+y+4

wxl+yi=1 viv3(x2—=y* +1) - 2xy =0

vz T PO : A

6 Lo+ il (1+V381) il o= (V3+1) 7. 14231 i 04756
B i 2-T  i-32(77438) 9. 03cost 10. 0.8 cost
11.7.936 cos(t +39.39°) 12. V61 cos(t + 86.33°)

REVIEW EXERCISE

. ic b iiia ivd vb vid viic viid ixb xb

280 ivZ V221 iv.———221 3. i.3(x—6D)(x+60) ii 4(x — VIO0I)(x + VI0I)
4

s 3
: _ =14 , 64, _ 1471
4 z=2x 5 z—-?+§| 6.2+ 11 7. £ AL 8. 2

! Exercise 2.1
. L2x3 ii. 3x2 iii. 3x1 iv. Ix4 v. Ix1 vi. 2x2
2 i.rectangular ii. Square - iii. column iv. square V. row vi. square
3. L lower triangular ii. scalar iii. diagonal iv. identity
v. diagonal _ vii. upper triangular viii. diagonal ix.scaler
2 V5 k
¥ 5 1] neither symmetric .. |6 neither symmetri P 6 symmetri
4 L 0 6 9] nor skew symmetric 1L |2 Mfmil'm':k o [ﬁ 2] e
i)
; [0 =1 =9] '3 -6 9 9 0 o
iv[l1 0 5 v. |-6 2 ul vi.[u 6 Dl
L9 §5 0. L9 0 0O 1 3 12
skew symmetric symmetric neither symmetric
" nor skew symmetric
Exercise 2.2
[ 2 ?,fz] 2 N [ WA . [F1/3 =4/3
- |.-. - - -
1 [5;2 4 u [11 2] im [; 1 ] 1v, 1/3 _2!3
' 0 -1/3 -=2/3 0 -3/2 -4 2/3 12 2/5
2. |1 2/3 173 ii. [3,’4 0 —5}'4] i [2;‘5 1/3 Zf?]
8/3 7/3 2 | 8/9 5/9 0 2/7 1/4 2/9
1 5/3 5/2; -5 0 -
iv.]5/3 2 13/5] 3. C='[ﬂ -8 ﬂ]
2 2305 3 | 4 =4 1

-—_. o



4 LA= [5 ?’;2] [”2 1 l} iii.[l’]whererﬁﬂl

8 —-11/2
iv.z=4,t=0, x? +yz—2ﬂv.n'——1ﬂ;ﬂ=9 vi. —4,3
6. a==9;, f=-1 10. sl:nwsymmuic 3 4 a 1 13 sl
1 3 _1 5 5 5 5- 5 5
o I, e =3+121 > 7 _as=i 14
12.X [1 0 ] Ym [u O 1] B.X=|—=— 2-i < |, Y=|5F —1+31 =
1 1 —646l 7 7 18-3i
5 5 5 5 5 5
Exercise 2.3
. .15 il i, -6 iv. 16+ 8i
2. L=17 .27 iii.1-16i iv. — 17 + 11i
3. singular ii. Non-singular iii. Non-singular iv. singular
4. i.16/23 e I
r 1 1 1 -4 16 -4! 1 3 2420 =24
;1 E c; i Tx 191 ast ° ;!I 4 1_11 th i '-3_1 .::
= £ g1 = 8 L o = 1H
i 3 sl 5 5 s 1 —| V|0 = roll B _,[_"'1 1 E' 3
& =% A 1 4 =17 L g = —af A Bl e A e
ls 9 3 3. 5 9. s 5 11 22 44 * e
Exercise 2.5
1 3 511 0 O 1 =18111 0 0 o0
l.iijo 1 1|0 1 0 ii. |0 1 ‘ 0 1 ﬂ 1 2'? \ 1 ﬂ]
0 0 11W 0 1 0 0 0 0 0 1
1 —2 3/2 1 0 0
; 1 -8 1 0 2/5 0 1 2
iv. [ﬂ ! -ﬂﬁ‘] [“ 10 " [u 1 4;5] [u 1 4/5) vi. [0 0 0
0 0 1 0 0 1l 00 0

)

ik ii.2 i3 iv.2

[-12 -5 -3 -2 0 2 '10-»615 -8 5 2
3.3l -4 -1 —1] h;[m -15 —16|iii. |3 -9 6 iv.|—18 18 —]

2 1 1 -6 6 6 Z -4 6 15 -6 3
5 Exercise 2.6
x5 T X3 X3
1. i.|2x3 il |2, iii, |2x3 iv. does not exist.
X3
—-10
i o 17x
2 l...|1=l_1; 11: ii.A=2; —.1.'3 ord=-T: 513]
Iaxa X3 13 o
3L ;E;—-:—: ii. No solution iii. %*%: % iv. =7;=7:;5
H K p A § r S
4. 1. 3;1; i, —=:=:0 i. solution no - AP
i. 3,152 - ii t possible as A is singular iv. =; — ==
5. q—l-.-'_-q.a—ilg- E-:r& 111 E.' —z_xi- _E H " .
R T T I LT -3 T2 4 v.2; 3; 5

o

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
-




0. [1 0 0 1. [ 0 -
0 1 —sl;x"+_v**+1uy'+1&=u 01 nZ];x*‘+sx'—3y*+4=n
0 0 1 0 0 1
21 0 1 ;3.1 0 3
0 1 ﬂ]:!x'z—53'2—4x'—ﬂ=ﬂ 0 1 2}:21’—?}r'+11=ﬂ
0 0 1 0 0 1

REVIEW EXERCISE
I. i.b i.d iiid ivwb wv.c vib viid viic ixec x.d

2. -11,3,10;87 4. 113
Enrdu.!l
‘ I i.=71—5] ii.—221—16] iii. —7f+ 28] iv.=21-2)  v.-181+ 155
Ligt+3f iil. fl = =51+ 8f; ¥ = 71— 11 iii. 81— —

4.im=4/3 ii. 142f+3k, —2i +2j+6k, At-2Ak
Sigel—mf+mk i.V5 i3 7Tid=+2ViT iildl=[B =5

5 15 T H v 1 P
E.i.ﬁj—ﬁﬁ i, — E!+7ﬂ-} E ;r+;§ ii. 1—12f+5k
10.i.D(=2,1) lLFﬁm:lr-l i PS=F— 7
16. AC =d+b, ﬁ:‘:i:'-g. EF=-b, DA=-23, EB=2@—-b),FA=a-bFC =24

: Exercise 3.2

l. i.15 ii.90 iii-lﬁi\r 147 v. 4
-30

2. i.8=cos™! ﬁ ii. 8 = m‘iﬁ) iii. 8 = cos™! Wi

iv.@ = ms“‘( ) v.8 = cos™! ‘,‘:ﬁ)

i. cns"‘ (—) ii. 90°

& L=
1 'H-

i.cosa = f—.cosﬁ m,msr =
6. i, 45°45° . ji, iﬁriﬁjiﬁﬁ
—-45/2

2.2t
"V11s' VB2

I

. b

' 8. F=t+2J+k
14. 350 /V11joules 15. 28 units 16. 150v3
: Exercise 3.3
l. i(4, =15, = Mii. (30, 11,-27) iii. (4, — 6, 2)
2. i(-18,-8,3) ii (3 15 5}
vl R (i )
" ¥25/26 V1533’ mz—ﬁ g | a4
i, paratlel-—-i'+—j—ﬁf: perpcndicular tep-=k 5. & a=-§s—3;+;ﬁ
6. i.a=t+2f+3k o i 18 ii. 6

4



10. i.34/59 ii. 5/VZ  a=7421°p = 60.50°y = 45.29°

11. V75 12.Eitherd=0 or b=0 or Botharezero
140 VIBT G116 15,0 3 (7-300+ 3 (1—t)j+ek i (~3(at+20),-3(2¢ +3),¢)
16. 11i + j — 5k 17. 151 — 20f + 7k; — 91 — 26§ + 19k; 61 —46] + 26k
Exercise 3.4
I i.—14 ii.-20
2. 2 ii-8
3, ii.A=-1/2 _
4. i.A=2 6. i. zero i.68 7.i.27/6 i3

REVIEW EXERCISE
i.d #.¢ dii.b iv.b wv.c viid wii.b wiii.b ix.c x.a
i.2/3 ii.-3/20 '
. V2 4 V19 5. —11/2
8. Ground speed = 235.492 km/h true course= 64.872°
9. Speed = 237.816 km/h direction = 107.980°

m"

W

Exerciue4l
1. (i) 1-4“;—?ﬂ3—1n'ﬂ4-13ﬂ1g—'—31 ﬂ15-—-4ﬁ
ﬁi] ﬂ],—zﬂzﬁ5ﬂ-3‘—3ﬂ-;—11ﬂ1n—29ﬂ15'—-44

1 2 3 4 10 15
':1“]' ﬂ1=i,ﬂ2=-3‘,l13=:,.&4— Julu=ﬁlal5_ﬁ
(W'} ﬂ1—2ﬂz—5ﬂ-3—lu ﬂq.'_l? ﬂm—lﬂl ﬂ.u,—ZZﬁ
(v) a;=-1, az—aﬂ ag—ﬂaﬁ—ﬂ ﬂ.m—-ﬂﬂaﬁ—l?f
(vi) a3 =0,a=5a3=5a4=175 00 = 350 Qs = 13

m 1 1
(vii) ﬂ1—1 ﬂzz—ilﬂa—iﬂ‘—“fﬂ-ln _m'a-lj:_lgiﬂ_!

(viii) @, = 1,8, = 4,3 = 9, a4 = 16, a,o = 100, a;5 = 225

{iX} iy = —4, a; = 5. a3 = -6, a4 = 7i g = 13, iy = —18

(x) a;=-2,a3=-1,a3 =4,ay =-7,a;9=—25ay5 =40
2. (i) ag =29 (ii) aq =56 (iii) a; =225, (iv) @ay; =—235

(v) ag; = 528,528, (vi) azo =% (vil) Q43 =43 (viii) agy = 67
3. (an=2n-1 (i) an=3" (i) a, =v2n (iv) a, =n(n+l)

Exercise 4.2
].. {Ijﬂll—q'ﬂ-z'—? ﬂa—lﬂﬂ.;-—l?t {“}ﬂl—?ﬂz—‘lz ﬂg—l? ﬂ*zzz
(iii) a; = 16,a, = 14,a; = 12, a4—10 (iv) a; = 38, a; = 34, ﬂ.g—3ﬂﬂ4 26 N

13

3 5 3 13 ]
Ma =5a=1, ﬂs-“h" Mlay =5 ap=1,a3 =7 aﬂ4—

4 2 '

2. (i) The uex[ three terms of the sequence are 17, 21,25

(ii) The next three terms of the sequence are 2!]_}2%* Zliif- .

(iii) The next three terms of the sequence are S+ 2+ =

(iv) The next three terms of the sequence are 022,027,032 3. an = 0.57

23 _ _ _

4, ﬂ1=19.ﬂ;}—_ﬂ3—14ﬂ4 5. ﬂ1=a,ﬂz-—5ﬂ3—z ay = 1
6. ag; =347  T.ay =70 E. gg = -%5 ) i s
10. ag = 240 feet 11, S50 = Rs 39000 12. B=?

. e — —
b
b
\



13. ()12 @5 (i) 45 (iVZ+4.  14.b=0 15. x=-9,y=24
16. ﬂ, =g| .142 =13 I.T Al - _B;Aa = —B' Aﬂ =-=13 V'
Exercise 4.3 ‘

l. S, =116 2.5, = 10100 3.S,, = 10500 4.5, = 375 5.5, = 240,6.~210 7.5, = 240
B. S, =2550 9.5, = 2500 10.5, = 34036 11.5, = —140 12.5, = 1155 13.162
14.104 15.5,= 1060 16.5, = 387 17.5, = 8§16 1B.5, = 162 19.5, = —220

20.a, = 7,0 =19,a3 =31 21.a;=1,a,=5,a,=9 22.a4,=6, a,=36, a,=66
23.a,,=62,950 24.45  25.12,280,000  26.38,750

; ; Exercise 4.4
1. The sequence is not geometric
2. The sequence is not geometric 3. The sequence is geometric (r--}
“ 4. The sequence is not geometric 5. a, =3,a, = —6,a; =12, n4—-24
6. ay=27, a=—9, a3=3,0a;=—1 ?a1_12n2_5,a3=3,a,,=§
135 405
8. a,=%,a,=2 9. ag=54,a5 =162 10.a, = =2,a =22
11, ay=27,a;=9 12. ay=1,a5=3 3. ay=2,a5=4
14. a; =100 15. as =32 16.a,=56 17.a5=3
18. agg=-1 19. ag =3 20. 6,12, 24 2124 22.4,2,1,
23, 15 24. 10, 20, 40 25.14,28,56 26.Lf 27.151258, 9[apprn}
28. 3100 . (approximately) 29. 127 30. 81
Exercise 4,5
1.176, 2. 93.15 3.13,28,600 4.947.11 5.114681 6. 732
7.10.66 B. 165, 9. 300 10. 189 1.4 12.0.51 13. 4
4 5 2 5 4
14.0); (i) 1 I[lil}; {Iﬂ; (1'}*3-3- [vﬂ'a—a 15. 70 - 16. 80O
Exercise 4.6
1 1 1 1 1 1
' L 2-3 -5 4 S5 G'TILT
‘ 1 1 1 99 8 E & & 5
r Exercise 4.7
137 43024 15551
1. i 2 S 3. 63 4. 451 5. =222 T 6. —52,432 7. 43, 3. 9. I:k-l ey 10. E 3k
— 11k ok n'+3 2 2
1.35_,(—1)k 2k 12. E““ku:-u} 14. “"“z—“ 15. (Zn +9n+?) 16. = (Zn +5n+5)
| 17.2(2n +3n—1) 18, 2@ +13)(2ﬂ +1 19, n (2n*+ 204110 +1)
g 20. 1 (2n°+3n 47) 2. n(n+1)2
6
| 22. n(2n*+8n*+7 n-2) 23.2"(n—1)+1 P et “:;::;‘f ot s a2
3.77'-42n-21 _6n+7 ; 25 2r+1 100
| 25. i 26. 14 — 27. 9 23 = 2P mene e 30. — =
| Exercise 4.8
1. 780ft 2. 1065, no because the auditorium has only 1065 seats 3. 491,70044
4. axn=524288 5. a=03280r32.8% . 30361.4082 7. 964615




8. 32000 9. r=2595 10. Rs. 1420418.205 11. Rs. 100625
12. Rs. 726000 13. Rs. 69000 14. Rs. 356015.99

Miscellaneous Exercise
L.a (i)c ()b (ivia (v)c (vi)d (vipb(vii)a ()b (x)a (xi)c (xii)b (xiii)a
(xivic (xv)b (xvi)b (xvii)d 2.3,5,7,9 3.0,1,2,3 4. 6,10,14,---
5.2-[10"*1 —9n —10] 6.4,6,9 7.6,18,54,162 8.n=—1 9. ay= 5,03 =1,a3= 5,05 =;

P

10. (i) 5 (ii) —4920 11. n(n+ 1)? 11.%(21:’-— 3n*+13n—-6)
Lo e SU POl wo A i i R R ey ci el |
Exercise 5.1

1. () 5 (i) 35 3. No 4.y+1 5 -12 6. m=6 7 Only]l isazeroof P(x)
8. 1'_3'_?1 9. S =(x—-4)(¢+3x-2)+0 10. 2+ 10x+24
Exercise 5.2
L+Dp-3)p+2) 2.(x-DE+1)2r-1) 3. (x-2)x+3)2x+3) 4.(x-3)37 +4x+12)
5 (t=1)t+2t+5) 6. Other two factors are (x—6) and (2Zx+ 1) 7.(2x = I){x - 5)(x-2)

8. (2x + 12 + x + 36)

Exercise 5.3
|. Semby 12cm by 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
(i) (d (i) (a) (i) ®) (v) (a) (v) (b) (vi) (c) (vii) (b) (viii) (¢)
167 +4y+4 3 257 +10y+4 4. Yes 5. 50 -130°-34r+24
.48 7. xt4 8 y+5

LELEN o &
L T L ATt T LA o1}

Exercise 6.1

1. i.3628800 ii. 7920 ifi. 11/63 iv.n—1 v. 7790
5 14! 9l .. (ne1)l @ (n=1)!
2 B i —— iii, ——— R
10! 41x16 (n-2)! n(n-4)(n-4)!
5. L6 ii, 6 7.i. 31 ii. 8 fii.3 iv.10 v.6 wi.l2l w0l wiii.2 ix. 4

X 5
Exercise 6.2
.17 i 13 1S5 w8 v.29 wvi.6 wvii.9 wvii.8 ix. 10
314 ii, 5 iii.2 iv.8 wv.2 vi.d  wvii. 41

4. 60 5. 60480 6.1296 7.18 8. 576 9, 1260 10. 7205 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

2,813 .22 .5l iv.6 v. 1l w5 303 i3 .6 w5

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.i.45 ii. 120

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




REVIEW EXERCISE

I. ib il ¢ il & iv.a v.d vi.d vii. b vili,d  ix.c X. C

2. 24 3,90 4. 600 5. 360 6. 32,659,200

. Unit 7: Mathematical Induction and Binomial Theorem s
Exercise 7.2

.. & 32:2+BD;:+B:]J‘+T+_!+_I
xiI x2

729 729y , 1215y% . 135y%

" 135y | 9y® | »®

B bpo o A o +1’ﬁ== SR = o

3

iii. 128 — 448x7 + 672x% — Sﬁl‘.}x'i + 280x® —B4x7T + 14x° = x7
- n :s

iv. :—“"'-5—;[4' 1n--10—;+52;

¥y ¥z
2. i ﬂ_“_".pﬁ__s.}ﬁ 253

243 27 3 :ﬂ F_zi'z';ﬁ
. 6ot 150 3 186 gk 1
i =x 5,"'_.,: P +Jr' ,-.rl+:.r=
iii. 2187u” — 5103u® + 5103u° — 2835u* + 9454 — 1892 + 21u — 1

3 5
V. Iv. 223 + 20aby3 + 30ab2VZ + 20ab™V3 + 45ab*V3 + bS3E

| V- V.14 Bx—dy + 245~ 24xy + 6y + 326 ~ 12x%y + 62y’ - y° + 16x* — 325y +
24x?y? — 8xy3 4 y*

a o 3. 8 24 | 32 12 , 72 . 144 , 96 216 , 108 , 216 , 81
i vl'x*+ﬁ+xzy=+:?’+y‘+xx’+z?yz+xyiz+y':+:’:’+m’+y*z’+ﬁ+;u_’+;
| 3.1.241200x% + 20000x* il. Bx? —12x 4 2 —;
' i, 1= 3x 4+ 2x? + 1023 + 5x* — 11x5 + 8x5 — 257
| iv. 201090301 =
' 32 x* ; " 3
Vot vi.  8a®Va? -1+ 8a*(VaZ—1) 4. Ex‘y’
% 5.0 =150, ii. 0.946176x* iii. 70a* ivﬁ"i%,‘“
' . 15 40095 ;
| 6. i -a'*p® ii. =< —p'%q® iii. —12x%y3 iv. —270y°%x3
I
: . n e
} . 7. 11980 ii. 5 8. Tisa =(r+1)ﬂn r=1pT+1
\ lﬂ. . sm l ]r 14 ]3‘. 121 1 18. I'l 61 151 201 Is; ﬁ. I
o 19. 21 times 20. 56 times
L : ; Exercise 7.3
. L i.143x3+6x + 10x: b<x<1 ii.—1;--3-+—ff——-;§"— T |
| 33 3%x 3Tat 330 3 3 I
r t 3
i (2 = 25 8 o e
t I(} _:'@'_ 2;55144-2;5;:5 le}s W1+ i +3' +34' 3<x<3

:-m,__;’r ———




,,_%_ .i,+%),+(ﬁ3,1+_1_,),=ﬁ( - +_‘,)x* -6<x<6 vi. 1

37 3237 128.3% 12837 1637
2. i.2.0052 ii. 1.2963 iii. 1.0099 v, 0.9859 3. %

7. # (n? + 7n + 8)a™

1
- &
8. i.% ii. (3)° iii, (=3)¢ iv2v2
Exercise 7.4
1.1,8,4,7 2.a5 b2 3.1
42525 b3,33 cl,0 8.8 9.8

REVIEW EXERCISE
1. i.d ii.c iii.d  iv.d v.b viic wvii.b wiiiha ix.b x.b
3.232 f. 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°, sin(90° + 60°) = cos 60°,
sin(90" — 60°) = cos 60°, tan(90° + 60°) = — cot 60°, 1an(90° — 60°) = cot 60°

(iii) cos(180°+ 30") = - cos30", cos(180°~ 307) = — cos30°, sin(180" + 30°) =— sin30’,
sin(180" — 30°) = sin30", tan(180" + 30") = 1an30", tan(180"-30") = — tan30°

T
—

(iv) ccs[rr+§}=—ms 3

n n n + ” .

b e ) a4 e e

3 cos( 1T 3) €os 3 sin{ 1T 3] sin
n m

- tun{:t+%}=mni+ tan(m— 3) =— tan

E

.
3

0 cn(5 +2) =), (5 2) = ). o5 +3) - o).
(5 2)=eo(2), (3 +2)=cad). w3~ 2)-em(3)
o o+ )= ) . cosCg - 2) =~ n(5) s +3) = -cosl).

in(2- ) e on () - 3) (- )= ()

sin[n‘—%} = sin

o_ 1413 i 950 - 1413
2 (@) cos157=10 (o) cos 165°=-T (0) cos MY =1 (9) sin75" =T

S T —— \( L




3. (a) cos l?.ﬂ"v—l (b) sin 12ﬂ°= . ,tan 120°=-+/3  (c) cos 75° = "';.-1
0o _1-V3 o= - ¥3-
(d) cos105° =222 (e) cos 285 rﬁ‘ (@ sinls°=222

4. (i) cos90 (u} cos 58  (iii) sm; (iv) sin92° (v) tan30® (vi) tan2m

5. cos(a+B) =12, cos(@—f) =3¢

6. () sin(a~pB) =32 (i) cos(@—p)=1= (i) tan(a—p)=12

7.0) sin(a+8) =5 (Gi) cosla+p)=—32 (iii) tan(a+p)=—2

8. () csel@+ )= (i) sec(a+B) =2 (iii) cm{a+ﬁ)=§

9. () sin(@ +p) =—g7 sinf@~p) =g (i) cost@+p)=—;7 . cos (@ —f) =%
‘ (i) tan(a + B) = 7 , tan(a — ) = 3

13.)) 125in6~5 cos 0 =rsin(9 + ¢) where r=13 and ¢ = tan”'(~ =

12

(ii) 3sinﬂ+4cm3=rsin(ﬂ+w}whemr=jnnd¢:=mn“e) (iii) Do yourself.

58
EXFRCISE 8.2

1 cos20=—2, sin sin20=—-2, I quadrant

4. @a=45" () sinB==,cos6== () 09285  (d) 22°

2. sin2a=-2y/T=y7,cos 20 =1-2y ,tan2a = -2 3 goq y50= L1005 g6

=2y2 2

| 4.G) sin26= 32,020 =~ tan20=~2 sin?= %, cos?= L, anl=1

(ii) sin20= 122, cos20=-112 an26 =12 sin2= 2 coss= 75, tng=-3
R0 et Lt e
. (iv) m!ﬂ——;,mslﬂ=~%.tm2&= ;,singm J—‘f%, mg%: - .‘if_‘r.;_‘, tan§=- f:
i (v) sin20=~1, cos 26 = 0, tan 20 = undefined, sin & = f—ﬁ-,¢m§= %,M% %
E (vi) sin28=*—"r?§.ms23=—-§.mnzﬂ- ﬁ,sin;:r ? - cos;=% . tﬂﬂ%‘wﬁ
" - 5.(3) sinﬂﬂa,msﬂ=i tanﬂ=-3- (ii) ginﬂ‘nivcngﬂ:_a mg=_§.

(iii) ﬂmE=—.cmE=—l—i,man-—§ (w} sinf =—— r,cmﬂm——"z,mﬂn—tl?
| 6.G) T (i) % {iii) % v 2w +

7.(i) Anganie (i) 1—;[1 — 7cos2a — cos4a + cos2a cosda] (iii) m[S — 4 cos4a + cosBa)



EXERCISE 8.3

I. (i) 2[sin26x+sin6x] (i) S[cos 16y+cos4dy] (iii) sin8s—sin2¢
(iv) 3[sin15x+sin5x] (v) 3[cos6u—cosdu] (vi) cos120° - cos 80°
(vii) > [sin 40° —sin 6°] (viii) sin 104° sin 8°
(x) 2[sinu + sin v]

2. (i) 2sin50° cos 20°

(iv) 2cosEcos?

{ix) cos 60° —cos 90°
(xi) sin 2u— sin 2v

(ii) 2 cos 45° sin 31°
(v) —2sin15°cos 5°

(iii) 2 cos35°cos 23°

2 2 -
REVIEW EXERCISE
1.() a (i) b (iii) ¢ (iv) d (v) b (vi) a
(vii) ¢ (viii) d (ix) b (x) ¢ (xi) d (xii) a
20 % @ -3 @@ -5

3. (i) sin(f +45°) or cos(f —45%)

(if) sinl20° or cos30’

4. (i) tan 60° = 1.732 (ii) c0s90°=0 5. tanf=2 9.
EXERCISE 9.1

. 1 Maximumvalue(M) = 4 ;  Minimum value (m) = 0
ii. Maximum value (M) = %‘“ ;  Minimum value (m) = %

i, Maximum value (M) = 1—51 :  Minimum value (m) = — %

iv. Maximum value M) = %, Minimum value (m) = %

2. i, Maximumvalue(M) = 1 ;  Minimum value (m) = %
ii. Maximum value (M) = TZT . Minimum value (m) = — %

ii. Maximum value (M) = =5 ;  Minimum value (m) = - iy

5 H

iv. Maximum value (M) = x
Domain =Dy=] —00,00 [=R;
ii. Domain=Dy=] —00,00 [=R;

iii. Domain=Dy=] —00,00 [=R;

Minimum value (m)

Range=Ry =[-7,7]

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]
4 im i B iii, 47 iv. 2 v. m 2




ili. even

i. odd viii. odd

EXERCISES.2

iv. even

R ———

ok

Dy ——

:
s A F s
: sracng.

-

Characteristics
i (-00,00)=R
[-2,2]

odd function

(-00,00)=R
-2, 2]

even function

Range = ]-00,00[

Period = .-'-E. .
Amplitude = Nil
Nature = odd function




vi.

i e g [ e e

Characteristics

Domain = (-00,00)=R
Range = =11}
Period = 4Am
Amplitude = 1

Nature = gven function

‘Characteristics

Domain = (-00,00)=R
Range = [=2,2]
Period = ggr_r
Amplitude = 2

Mature = odd function

Characteristics

Domain = (-00,00)=R
Range = [-3,3]
Period = 27
Amplitude = 3

Nature = even function
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Characteristics
Domain

Range

Period
Amplitude
Nature
Characteristics
Domain

Range

Period
Amplitude = 1
Nature
Characteristics
Domain

Range

Period

Amplitude = Nil
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Characteristics

Iy

-
-

Ry T T

= (-00,00)=R
= [L1)

1

Amplitude =

Nature

i}

2
5
A~

even function

R ——, -

y==1

*"_-----—-—------------*.*i...ﬁ###---

: : Tal-
y i "
: + E|em M
e >
|3
+ ¥ e

y=S8inx
( -t

.1'."—..1.;..

= Sin 2x

T T - m
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y==1

x-axis

1y

y==1

8§

y =Cos 2x
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2
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X-axis
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y=Tanx

-« t t +—+ +—t t t } ‘J‘r
xaxis O n mom 2n x-axis

o B 3 il

'

:

'

L)

]

L]

:

TR T

y-axis |

Y

o
a. each cycle is second

b. k=20,160
c. 180

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

h(t) = —8.5 Cos (5) + 10.5
y = 2 Cos [2mx] + 18

ii. a
vii. a

xil. b

xvii. d

REVIEW EXERCISE

. ¢ iv. a V. C
viii. b ix. © X. a
Xiil. ¢ xiv. b XV. a
xviil. a




5. a. Period = -E' ; Amplitude = - 20 ; Vertical shift = 24
' b.  h(t) =-2uc.:s(“?‘)+z4
¢.  The height is 32 m after Sminutes.

6. a. Maximum height =22 m, Minimum height =2 m.
b. The height is 12 m after 30 seconds.
c. One complete revolution takes place in 120 seconds.

7. a.y=10Sin1440¢,y = 10 Sin 1440 (¢ — -
b. Domain = {t /t 2 0,t € R}, Range = {y/ =10 <y <10,y € R}

i, Domain =]-c0,00[=R Range=[-2,2] _ 6

ii. Domain =]-00,00[=R Range=[-5,5] 2..;.‘

ii. Domain =]-00,00 [=R Range-[—i.;] In

iv. Domain =]-00,00[=R Rangc=[—%;%] 3_%

v. Domain =]-00,00[=R Range=[-3,3] 2

. vi. Domain =]-00,00[=R Range=[-7,7] 2_;'

vii. Domain R—E‘z—',nEZ Range =] - 00 0o [ %

viii. Domain =]-00,00 [=R Range=[-9,9] 2_2

ix. Domain =]-00,00 [=R Range =([7, 9] .g.

1 X. Domain =]-e0,00[=R Range =[2, 12] w
|

xi. Domain =]-00,0[=R Range =[2, 10] T




GL OSSARY

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
cilled 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 5 are real number and i = «f——_l .
Complex polynomial: If z is a complex variable, then the expression @ + @,z + a2 + -+ 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 homogencous linear equations is consistent if Rank A = Rank Ay,
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 comer 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 are known as direction angles of .

Direction cosines: Coines of direction angles are called direction cosines.
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