
Trigonometric Functions

Exercise

Section I: Multiple Choice Questions
Select the correct answer.

1. The period of cos
(x
4

)
is:

(A) 6𝜋

(C) 2𝜋

(B) 8𝜋

(D) 4𝜋

2. The minimum value of the trigonometric function f (𝜃) = 12 sin(5𝜃) is:

(A) 12

(C) −12

(B) 5

(D) −5

3. The function f (x) = x3 cos x is:

(A) Even function

(C) Neither even nor odd

(B) Odd function

(D) Both even and odd

4. The maximum value of 8 cos x + 15 sin x is:

(A) 15

(C) 23

(B) 17

(D) 8

5. The minimum value of 7 cos x + 24 sin x is:

(A) 25

(C) 7

(B) −25

(D) 24



6. What is the period of the graph shown below?

(A)
𝜋

3

(C)
2𝜋
3

(B)
5𝜋
3

(D) 2𝜋

7. Which of the following functions represents the graph shown below?

(A) 𝑦 = − cos 𝑥

(C) 𝑦 = cos(2𝑥)

(B) 𝑦 = cos 𝑥

(D) 𝑦 = − cos(2𝑥)

Section II: Short Answer Questions
1. Find the maximum and minimum values of the following trigonometric
functions.

y = 6 − 5 cos(3𝜃)



Solution

We know that
−1 ≤ cos(3𝜃) ≤ 1

Multiplying by −5, the inequality signs will change:

5 ≥ −5 cos(3𝜃) ≥ −5

Writing in proper order,

−5 ≤ −5 cos(3𝜃) ≤ 5

Adding 6 throughout,

6 − 5 ≤ 6 − 5 cos(3𝜃) ≤ 6 + 5

1 ≤ 𝑦 ≤ 11

∴ Minimum value = 1

∴ Maximum value = 11

2. Find the maximum and minimum values of the following reciprocal
trigonometric function.

y =
1

7
4
+ 2

3
sin(5𝜃 − 30◦)

Solution

We know that
−1 ≤ sin(5𝜃 − 30◦) ≤ 1

Multiplying by
2
3

,

−2
3
≤ 2

3
sin(5𝜃 − 30◦) ≤ 2

3



Adding
7
4

throughout,

7
4
− 2

3
≤ 7

4
+ 2

3
sin(5𝜃 − 30◦) ≤ 7

4
+ 2

3

Taking L.C.M.,

21 − 8
12

≤ 7
4
+ 2

3
sin(5𝜃 − 30◦) ≤ 21 + 8

12

13
12

≤ 7
4
+ 2

3
sin(5𝜃 − 30◦) ≤ 29

12
Now,

𝑦 =
1

7
4
+ 2

3
sin(5𝜃 − 30◦)

Since the denominator is positive, the reciprocal will reverse the order:

12
29

≤ 𝑦 ≤ 12
13

∴ Minimum value =
12
29

∴ Maximum value =
12
13

3. Find the domain and range of the following function.

y = 5 cot
(𝜋
4

x
)

Solution

Given function is
𝑦 = 5 cot

(𝜋
4
𝑥

)
We know that cot 𝜃 is not defined when

sin 𝜃 = 0



Also,
sin 𝜃 = 0 when 𝜃 = 𝑛𝜋, 𝑛 ∈ Z

Here,
𝜃 =

𝜋

4
𝑥

So,
𝜋

4
𝑥 = 𝑛𝜋

Dividing both sides by 𝜋,
𝑥

4
= 𝑛

𝑥 = 4𝑛

So, the function is not defined at

𝑥 = 4𝑛, 𝑛 ∈ Z

Therefore, the domain is

x ∈ R, x ≠ 4n, n ∈ Z

Now, cot 𝜃 can take all real values. So,

cot
(𝜋

4
𝑥

)
∈ R

Multiplying by 5 does not restrict the values. Therefore, the range is

y ∈ R

∴ Domain = R − {4n : n ∈ Z}

∴ Range = R

4. Check whether the following functions are even or odd.

1. f (x) = sec2 x + cos 4x
1 + x2 sin2 x

2. g(x) = x3 cos x tan2 x + sin3 x
1 + x2



Solution

(i) f (x) = sec2 x + cos 4x
1 + x2 sin2 x

To check whether the function is even or odd, replace 𝑥 by −𝑥.

𝑓 (−𝑥) = sec2(−𝑥) + cos 4(−𝑥)
1 + (−𝑥)2 sin2(−𝑥)

Now using the identities:

sec(−𝑥) = sec 𝑥, cos(−𝑥) = cos 𝑥, sin(−𝑥) = − sin 𝑥

So,

𝑓 (−𝑥) = sec2 𝑥 + cos(−4𝑥)
1 + 𝑥2(− sin 𝑥)2

𝑓 (−𝑥) = sec2 𝑥 + cos 4𝑥
1 + 𝑥2 sin2 𝑥

𝑓 (−𝑥) = 𝑓 (𝑥)

∴ f (x) is an even function.

(ii) g(x) = x3 cos x tan2 x + sin3 x
1 + x2

Replace 𝑥 by −𝑥.

𝑔(−𝑥) = (−𝑥)3 cos(−𝑥) tan2(−𝑥) + sin3(−𝑥)
1 + (−𝑥)2

Now using the identities:

cos(−𝑥) = cos 𝑥, tan(−𝑥) = − tan 𝑥, sin(−𝑥) = − sin 𝑥

So,

𝑔(−𝑥) = −𝑥3 cos 𝑥(− tan 𝑥)2 + (− sin 𝑥)3

1 + 𝑥2

𝑔(−𝑥) = −𝑥3 cos 𝑥 tan2 𝑥 − sin3 𝑥

1 + 𝑥2



Taking negative sign common,

𝑔(−𝑥) = −
(
𝑥3 cos 𝑥 tan2 𝑥 + sin3 𝑥

1 + 𝑥2

)
𝑔(−𝑥) = −𝑔(𝑥)

∴ g(x) is an odd function.

5. Draw the graph of the function

y = 4 tan
(x
3

)
Solution

The given function is
𝑦 = 4 tan

(𝑥
3

)
The period of tan 𝑏𝑥 is

𝜋

𝑏

Here,
𝑏 =

1
3

So,
𝑇 =

𝜋

1
3

𝑇 = 3𝜋

∴ Period = 3𝜋

The vertical asymptotes occur when

𝑥

3
=

𝜋

2
+ 𝑛𝜋

Multiplying by 3,
𝑥 =

3𝜋
2

+ 3𝑛𝜋



So, for one period, the vertical asymptotes are

𝑥 = −3𝜋
2

and 𝑥 =
3𝜋
2

∴ Vertical asymptotes are x = −3𝜋
2
,

3𝜋
2

Table of values

x
x
3

y = 4 tan
(x
3

)
−5𝜋

4
−5𝜋

12
−4(2 +

√
3)

−𝜋 −𝜋
3

−4
√

3

−3𝜋
4

−𝜋
4

−4

−𝜋
2

−𝜋
6

− 4
√

3

−𝜋
4

− 𝜋

12
−4(2 −

√
3)

0 0 0

𝜋

4
𝜋

12
4(2 −

√
3)

𝜋

2
𝜋

6
4
√

3
3𝜋
4

𝜋

4
4

𝜋
𝜋

3
4
√

3

5𝜋
4

5𝜋
12

4(2 +
√

3)



Section III: Extensive Answer Questions
1. Find the period of the following trigonometric function.

y = 3 tan
(
3x
2

)
− 5 cos

(
5x
4

)
Solution

Given function is
𝑦 = 3 tan

(
3𝑥
2

)
− 5 cos

(
5𝑥
4

)
The function contains two trigonometric functions:

3 tan
(
3𝑥
2

)
and − 5 cos

(
5𝑥
4

)
For tan 𝑏𝑥, the period is

𝜋

𝑏

So, the period of

tan
(
3𝑥
2

)



is
𝜋

3
2

= 𝜋 × 2
3

=
2𝜋
3

Now, for cos 𝑏𝑥, the period is
2𝜋
𝑏

So, the period of

cos
(
5𝑥
4

)
is

=
2𝜋
5
4

= 2𝜋 × 4
5

=
8𝜋
5

For period of combined functions,

Period =
LCM of numerators

HCF of denominators

Period =
LCM of 2𝜋 and 8𝜋

HCF of 3 and 5
Here HCF of 3 and 5 is 1 and LCM of 2𝜋 and 8𝜋 is 8𝜋.

Period =
8𝜋
1

∴ Period of the function = 8𝜋

2. Alternating current cyclically reverses direction. The maximum voltage
is about 220 volts and the standard frequency is 60 Hz (60 cycles per



second). The voltage can be modeled by

𝑽 (𝒕) = 𝒂 sin(𝒌 (𝒕 − 𝒅)) + 𝒄

Determine each of the following:

1. Period of the voltage function.

2. The value of 𝑘 .

3. The amplitude of the voltage function.

4. Model the voltage with an appropriate transformed sine function.

Solution

Given
Maximum voltage = 220 volts

Frequency = 60 Hz

𝑉 (𝑡) = 𝑎 sin(𝑘 (𝑡 − 𝑑)) + 𝑐

(a) Period of the voltage function

We know that
Period =

1
Frequency

So,
𝑇 =

1
60

∴ T =
1
60

second

(b) The value of k

For a sine function,
𝑘 =

2𝜋
𝑇

Substituting
𝑇 =

1
60



we get
𝑘 =

2𝜋
1
60

𝑘 = 2𝜋 × 60

∴ k = 120𝜋

(c) Amplitude of the voltage function

The maximum voltage is 220 volts. Since alternating current goes equally
above and below the center line, the amplitude is

𝑎 = 220

∴ Amplitude = 220 volts

(d) Model the voltage with an appropriate transformed sine function

The general model is
𝑉 (𝑡) = 𝑎 sin(𝑘 (𝑡 − 𝑑)) + 𝑐

There is no vertical shift, so
𝑐 = 0

Also, there is no phase shift, so
𝑑 = 0

Substitute
𝑎 = 220, 𝑘 = 120𝜋, 𝑐 = 0, 𝑑 = 0

So,
𝑉 (𝑡) = 220 sin (120𝜋 (𝑡 − 0)) + 0

Therefore,
V(t) = 220 sin (120𝜋 (t))

∴ The required voltage model is V(t) = 220 sin (120𝜋 (t))

3. Solve graphically
sin 𝒙 = cos 𝒙



Solution

To solve the equation graphically, we draw the graphs of

𝑦 = sin 𝑥 and 𝑦 = cos 𝑥

The solution of the equation

sin 𝑥 = cos 𝑥

is the 𝑥-coordinate of the points where the two graphs intersect.

Table of values for y = sin x and y = cos x

x y = sin x y = cos x

0 0 1

𝜋

4

√
2

2

√
2

2

𝜋

2
1 0

𝜋 0 −1

5𝜋
4

−
√

2
2

−
√

2
2

3𝜋
2

−1 0

2𝜋 0 1

From the table, we observe that the first point of intersection is at

𝑥 =
𝜋

4



Since both graphs repeat periodically, the intersections occur again after every
interval of 𝜋. Hence, the general solution is

𝒙 =
𝝅

4
+ 𝒏𝝅, 𝒏 ∈ Z

In the interval 0 ≤ 𝑥 ≤ 2𝜋, the solutions are

𝒙 =
𝝅

4
,

5𝝅
4

Graph

𝜋
4

𝜋
2

𝜋 5𝜋
4

3𝜋
2

2𝜋

−1

1 y = sin x
y = cos x

x

y


