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Knowledge is information about a specific 
topic that helps clarify concepts. Students and 
teachers can scan the QR code provided with 
the SLO Tab to access lectures related to that 
topic.

In this dynamic hybrid 11th-grade mathematics textbook, I embrace the evolving world of education by 
utilizing the CPA (Concrete, Pictorial, Abstract) Approach. This method starts with concrete examples that 
students can touch and see, moves to pictorial representations like diagrams and drawings, and finally to 
abstract concepts that use symbols and formulas. This step-by-step approach caters to diverse learning styles, 
making mathematics accessible and engaging for everyone.
The book covers essential topics such as Complex Numbers & Polar Form, Matrices and Determinants, 
Sequences and Series, Polynomial Division, Vectors in Space, Permutation and Combination, Mathematical 
Induction and Binomial Theorem, Fundamentals of Trigonometry, and Trigonometric Functions. Each chapter 
connects mathematical theories to real-life applications, transforming abstract concepts into vivid, relatable 
experiences.
Our textbook encourages active learning through "Test Yourself" sections, classroom activities, and "Teacher's 
Footnotes" to promote collaboration and critical thinking. Additionally, "Interesting Information" tabs provide 
useful insights and connections between the concepts and their real-world applications, enhancing 
understanding and relevance.
With a variety of examples, worksheets, video lectures, and simulations, we provide comprehensive practice 
and deepen understanding. This textbook is designed to instigate a deep appreciation for mathematics, focusing 
on practical applications and helping students see the relevance of math in everyday life. It also serves as the 
best demonstration of SLO (Student Learning Outcomes) based exams, catering to all requirements and needs 
for such assessments. It's more than an educational tool; it's a journey into the beauty and utility of mathematics 
in the modern world.
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The purpose of a skill is to apply
knowledge. Students and teachers
can scan the provided QR code to
access a worksheet that enhances
their understanding.

Preface

The CPA approach, enhanced with 
i n t e r a c t i v e  i m a g e s ,  m a k e s 
mathematics more accessible and 
engaging, transforming abstract 
concepts into tangible visuals for 
deeper understanding and effective 
learning.

Detailed Solutions will be available in QR 
Code given at the start of Review Exercise of 
Every Chapter



Comprehensive Learning
Engage students with videos, simulations, 
and practical worksheets.
Structured Lesson Plan
Well-organized with clear objectives, 
PPTs, and a question bank.
Engaging Multimedia
Visual appeal through PPTs and interactive 
simulations.
Assessment & Tracking
Diverse question bank and progress 
monitoring.
Adaptable & Accessible
Scalable and accessible, suitable for all 
learners.

Salient Features 

SLO based Model Video lecture

SLO No: M -  11 - A - 12 
Apply the operations with complex 
numbers in polar form
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1Complex Numbers and
Polar form

Complex numbers are indispensable tools in the world of electrical circuits, especially when it comes to unraveling 
the behavior of capacitors within RC circuits. These numbers offer a unique perspective on the impedance of 
capacitors in circuits driven by alternating current (AC). Engineers rely on complex numbers to represent the 
combined resistance and reactance introduced by capacitors. This understanding is pivotal for designing circuits 
that filter, delay or modify AC signals. Whether it's optimizing the performance of audio equipment or designing 
electronic filters, complex numbers empower engineers to fine-tune the behavior of capacitors, ensuring efficient 
energy storage and signal processing.
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Student Learning Outcomes 

Recall complex number z = a +ib represented by an expression of the form (a, 

b) or of the form i =    –1 

Recognize a as a real part of z and b as an imaginary part of z.

Know the condition for equality of complex numbers.

Carry out basic operations on complex numbers

Define z = a – ib as the complex conjugate of z = a + ib
                                   Define   as the absolute value or modulus of a complex number z= 

a+ib

Solve the simultaneous linear equations with complex coefficients. For 

example, 

Solve quadratic equation of the form 2pz + qz+ r by completing squares, where 

p,q,r are real numbers and z a complex number. For example, solve:

Explain the polar coordinates system. 

Describe the polar representation of a complex number. 

Apply the operations with complex numbers in polar representation.

Demonstrate simple equations and in-equations involving complex numbers in 

polar form. 

Apply concepts of complex numbers to real world problems (such as 

cryptography, wave phenomena, calculate voltage, current, circuits, the velocity 

and pressure of the fluid).
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Write the polynomial p(z) as a product of linear factors. For example, 
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Representation of Complex Numbers:
z represented as a + ib or (a,b), where a and b are real numbers and              .
Understanding Real and Imaginary Parts:
Recognition of a as the real part and b as the imaginary part of z.
Condition for Equality:
Knowledge of the condition for the equality of complex numbers.
Complex Conjugate:
Definition of the complex conjugate: z = a − ib as the complex conjugate of z = a + ib.
Absolute Value or Modulus:
Definition of the absolute value or modulus of a complex number:
Solving Simultaneous Linear Equations:
Ability to solve simultaneous linear equations with complex coefficients.
Factoring Polynomials:

2 2Writing polynomials as a product of linear factors, e.g., z  + a  = (z + ia) (z – ia)  or  
3 2z  – 3z  + z + 5 = (z + 1) (z – 2 – i)(z – 2 + I)

Solving Quadratic Equations:
2Solving quadratic equations of the form pz  + qz + r = 0 by completing squares, with p, q, r as 

real numbers and z as a complex number.
Understanding Polar Coordinates: 
Explanation of the polar coordinate system.
Polar Representation of Complex Numbers: 
Description of the polar representation of a complex number.
Operations in Polar Form:
Application of operations (addition, subtraction, multiplication, division) with complex 
numbers in polar representation.
Application to Equations: Demonstration of equations involving complex numbers in polar 
form.
Real-World Application: Application of complex number concepts to real-world problems, 
such as cryptography, wave phenomena, electrical circuits, fluid dynamics, voltage, current, 
velocity, pressure, etc.

Knowledge

1

2

3

4

5

6

Class 9
Chapter # 1

Real Number System

Class 10 
Chapter # 1

Complex Numbers

Class 11
Chapter # 1

Complex Numbers

Pre & Post Requisite

i = –1

7

8

9

10

11

12

13

3

Chapter 1Complex Number & Polar Form



Understanding Complex Number Representation:
Ability to recall and understand the representation of a complex number z as , where  and  are real numbers z= a+ib a b
and  i  =   –1     
Recognition of Real and Imaginary Parts:
Proficiency in identifying and differentiating a as the real part and b as the imaginary part of a complex number z.
 Knowledge of Equality Conditions:
Understanding the conditions necessary for the equality of complex numbers.
 Performing Basic Operations on Complex Numbers:
Skill in carrying out fundamental mathematical operations (addition, subtraction, multiplication, division) involving 
complex numbers.
Defining Complex Conjugate:
Ability to define the complex conjugates  as the conjugate of a complex number  (z = a – ib) (z = a + ib).
Understanding Absolute Value or Modulus:

2 2Skill in defining and calculating the absolute value or modulus ( z =   a  + b )  of  a  complex number z.
Solving Simultaneous Linear Equations with Complex Coefficients:
Proficiency in solving sets of simultaneous linear equations involving complex coefficients.
Factoring Polynomials into Linear Factors:
Skill in expressing polynomials as products of linear factors, enabling the representation of polynomial equations in 
simpler forms.
Solving Quadratic Equations using Completing the Square Method:

2Ability to solve quadratic equations of the form pz  + qz + r = 0 by completing squares, where p, q, r are real numbers 
and z is a complex number.
Understanding Polar Representation:
Interpret and demonstrate comprehension of the polar representation of complex numbers.
Applying operations in polar form.
Apply operations (+,−,×,÷) with complex numbers proficiently in polar representation.
Application to Equations:
Demonstration of equations & inequations involving complex numbers in polar form.
Applying Concepts in Real-World Contexts:
Apply complex number concepts practically to real-world scenarios such as cryptography, wave phenomena, 
electrical circuits, fluid dynamics, etc
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² Recall complex number z represented by an 

expression of the form z = a + ib or of the form (a ,b) 

where a and b are real numbers and i  =   –1  

² Recognize a as a real part of z and b as an 

imaginary part of z.

² Know the condition for equality of complex 

numbers

² Carryout basic operations on complex numbers

² Define z = a – ib as the complex conjugate of 

z = a + ib

²                       Define       as the absolute value or 

modulus of a complex number z = a + ib

5
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C: Complex Numbers 

R: Real
Numbers 

P: Pure
Imaginary 
Numbers 
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2–25.  –4  = i   25 ×     4  = 5i × 2i = 10i  

= 10(–1) = –10
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1.9

Did you know that in communications, complex 

numbers help make sure our phone calls and internet 

work well? When signals are sent through the air or 

wires, they can be thought of as complex numbers. The 

absolute value of these numbers tells us how strong the 

signals are. By checking this strength, engineers can 

figure out if the signals are clear or if there's a problem. 

This helps make sure that when you call a friend or 

watch a video online, the sound and picture come 

through smoothly without interruptions.
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Skill 1.1
Understanding Complex Number Representation:
Ability to recall and understand the representation of a complex number z as , where  and  are real numbers and              z= a+ib a b
 i  =   –1     
Recognition of Real and Imaginary Parts:
Proficiency in identifying and differentiating a as the real part and b as the imaginary part of a complex number z.
 Knowledge of Equality Conditions:
Understanding the conditions necessary for the equality of complex numbers.
 Performing Basic Operations on Complex Numbers:
Skill in carrying out fundamental mathematical operations (addition, subtraction, multiplication, division) involving 
complex numbers.
Defining Complex Conjugate:
Ability to define the complex conjugates  as the conjugate of a complex number  (z = a – ib) (z = a + ib).
Understanding Absolute Value or Modulus:

2 2Skill in defining and calculating the absolute value or modulus ( z =   a  + b )  of  a  complex number z.

Exercise 1.1

11

Chapter 1Complex Number & Polar Form



² Solve the simultaneous linear equations with complex coefficients. For example, 

       Solve quadratic equation of the form 2pz + qz+ r by completing squares, where p,q,r are real numbers and z a   

       complex number. For example, solve:

 

1.2

Write the polynomial p(z) as a product of linear factors. For example, ²

²

Solving equations with complex variables is essential in 

aerodynamics for designing aircraft wings. Engineers 

use complex potential flow theory to predict lift and drag 

forces, optimizing wing shape for performance and 

efficiency. This ensures safe and efficient air travel, 

advancing aviation technology and passenger safety.
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Skill 1.2
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Exercise 1.2

² Explain the polar coordinates system

² Describe the polar representation of a complex           

      number       

² Apply the operations with complex numbers in           

      polar representation

² Demonstrate simple equations and in-equations 

      involving complex numbers in polar form.

Knowledge 1.3

¢

¢

16

Chapter 1

1.3

Argand Plane and Polar 

Representation

does not 

satisfy

Complex Number & Polar Form



x¢

y

O

P(x,y)

y¢
Q(x,–y)

x¢

y

O

P(z)

r =
 

x

y¢

P (x, y)

imaginary

Real
QxO

r y

x

x

x

17

Chapter 1

(Conjugate)

Complex Number & Polar Form



y

y¢

O
xx¢

Py

y¢

O
xx¢

P

y

y¢

O
xx¢

P

y

y¢

O
xx¢

P

(i) (ii) 

(iii) (iv) 

q q

qq

y

y¢

x¢ x

qq

q q

A

A

A

A

A

A

A

A

A

A

A

A A

A

A A

A

A A

18

Chapter 1

1.13

Complex Number & Polar Form



lm

2

1

0

–1

–2

–2 –1 0 1 2

Re

lm

4

2

0

–2

–4

–4 –2 0 2 4

Re

19

Chapter 1

1.14

1.15

Complex Number & Polar Form



12 3 4 6 7 8 9 10

0°

360°

330°

315°
300°

270°
240°

225°

210°

180°

150°

135°
120°

90°
60°

45°

30°

20

Chapter 1

1.16

1.17

Complex Number & Polar Form



21

Chapter 1

i

i p =–1

e
ip   = i2

e
i3p   = –i2 –i

–1 1

e i2p =–1

e

O

img axis

= r

z .z  = r1 2 ]cos ( + i sin 

q1

q2

q1

q + q )1 2   
(q  + q )]1 2   

real axis

1.18

1.19

1.20

Euler's theorem is crucial in securing online 

transactions. It ensures that sensitive data, like credit 

card information, can be encrypted and decrypted 

securely between the buyer and the online store.  

Complex Number & Polar Form



(0,0)
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The term "cisθ" is a shorthand notation in mathematics 
representing the complex number expression 
cos(q)+isin(q). This notation simplifies the handling of 
complex numbers, particularly in operations like 
multiplication, division, and exponentiation, by 
encapsulating trigonometric functions. Originating 
from the combination of the words cosine and sine, 
"cis" is heavily used in fields such as electrical 
engineering and physics to streamline calculations and 
reduce formula complexity. This notation is directly 
related to Euler's formula, which links exponential 
functions with trigonometric functions in the complex 
plane.

Real axis

22

Chapter 1

1.22

1.21

Complex Number & Polar Form



Imaginary
   axis

Real
axis

Imaginary
   axis

Imaginary
   axis

Imaginary
   axis

Real
axis

Real
axis

Real
axis

4

3
2
1

z = 3i

1 2–2 –1

z = –2
4

2

2–6 –4 –2

–4

z = 3– i

–3

z = – 1 + √3i

–3 –2 –1

3
3

(i)
(ii)

(iii)
(iv)

Skill 1.3

Exercise 1.3

7.

a + ib.

23

Chapter 1

.

Complex Number & Polar Form



Solve  

which is 
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Exercise 1.4

Skill 1.4
Application to Equations:
Demonstration of equations & inequations involving complex numbers in polar form.
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² Apply concepts of complex numbers to real world 

problems (such as cryptography, wave phenomena, 

calculate voltage, current, circuits, the velocity and 

pressure of the fluid).
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Skill 1.5
Applying Concepts in Real-World Contexts:

Apply complex number concepts practically to real-

world scenarios such as cryptography, wave 

phenomena, electrical circuits, fluid dynamics etc.
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2 Matrices and 
Determinants

Matrices are fundamental in the world of cryptography, where they are instrumental in ensuring the security of 
digital communication and data. In cryptography, matrices are indispensable for encoding and decoding messages, 
preserving the confidentiality and integrity of sensitive information. Cryptographers employ matrices to perform 
intricate mathematical transformations that obscure the original message, rendering it indecipherable to 
unauthorized individuals. These operations leverage matrix properties, such as multiplication and inversion. 
Matrices play a crucial role not only in data encryption but also in digital signatures, authentication and secure 
communication protocols. This chapter explores how matrices are the cornerstone of modern cryptography, 
safeguarding the digital realm and enabling secure online transactions, confidential messages and protected data.

3535



Students’ Learning Outcome 

Apply matrix operations (addition/subtraction and multiplication of matrices) with 

real and complex entries. 

Evaluate determinants of 3 × 3 matrix by using cofactors and properties of 

determinants.

Use row operations to find the inverse and the rank of a matrix.

 Explain a consistent and inconsistent system of linear equations and demonstrate 

through examples

Solve a system of 3 by 3 nonhomogeneous linear equations by using matrix 

inversion method and Cramer's Rule.

Solve a system of three homogeneous linear equations in three unknowns using the 

Gaussian elimination method.

Apply concepts of matrices to real world problems such as (graphic design, data 

encryption, seismic analysis, cryptography, transformation of geometric shapes, 

social network analysis).
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Matrices2.1

Let us consider an example. Assume that we have to 
write the following results of different

38

Chapter 2

Matrices are essential for representing and 
manipulating data in various fields, such as computer 
graphics, economics, and genetics. They enable 
complex calculations and data analysis, making them 
invaluable tools in science and engineering.

35  35
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²  Apply matrix operations (addition/subtraction and 

multiplication of matrices) with real and complex 

entries

Algebra of Matrices 2.2

2.1

2.2

2.3
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Cij

i th row of A j th column of B
Element in the i th row and
        j th column of AB

=

2.4

Matrix A Matrix B

m × n n × p

These 
must be
equal

The order of AB
        is m × P.
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Skill 2.1
Matrix Operations Proficiency:
Conduct arithmetic operations on matrices accurately. Apply rules for matrix multiplication confidently.
Understand the properties of matrices under addition and multiplication.

Exercise 2.1

42
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Determinants 2.3

²  Evaluate determinants of 3 × 3 matrix by using 

cofactors and properties of determinants

2.7

44

Chapter 2

 In robotics, determinants are used to calculate the 

orientation and position of robotic arms. Determinants 

help solve systems of equations that define the 

movement and rotation of the arm, ensuring precise 

control and accurate positioning in tasks like assembly 

lines and medical surgeries. 
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Properties of Determinants 2.4
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2.15

Skill 2.2
Matrix Operations Proficiency:
Verify the transpose of matrix products.
Calculate determinants, minors, and cofactors for square 
matrices.
Recognize singular and non-singular matrices' 
significance.
Understanding Properties of Determinants:
Apply and prove properties of determinants for various 
matrix operations.
Evaluate determinants without expansion using 
determinant properties.

Exercise 2.2
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²  Use row operations to find the inverse and the 

rank of a   matrix

Row and Column Operations 2.5
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Skill 2.3
Matrix Row Operations Mastery:
Perform row and column operations on matrices 
proficiently.
Reduce matrices to echelon and reduced echelon forms 
effectively.

( (
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Exercise 2.3
²  Explain a consistent and inconsistent system of 

linear equations and demonstrate through examples

²  Solve a system of 3 by 3 nonhomogeneous linear 

equations by using matrix inversion method and 

Cramer's Rule

² Solve a system of three homogeneous linear 

equations in three unknowns using the Gaussian 

elimination method

Solving System of
Linear Equations2.6
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Remember
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2.26

The use of matrices in solving equations dates back to 
ancient China, where the mathematician Liu Hui used 
them in the 3rd century AD to solve systems of linear 
equations. The formal development of matrix theory 
began in the 19th century with the work of Arthur 
Cayley and James Joseph Sylvester. They introduced 
matrix notation and operations, which revolutionized 
mathematical computations. Today, matrices are 
fundamental in numerous fields, including 
engineering, physics, economics, and computer 
science, enabling efficient and systematic solutions to 
complex problems.

Matrices and Determinants



Skill 2.4
Systems of Linear Equations Problem-Solving Skills:
Differentiate between homogeneous and non-
homogeneous equation systems.
Identify consistent and inconsistent equation systems.
Utilize multiple methodologies to solve equation 
systems efficiently.

Exercise 2.4

}
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Application of
Matrices in Real Life2.7

²  Apply concepts of matrices to real world 

problems such as (graphic design, data encryption, 

seismic analysis, cryptography, transformation of 

geometric shapes, social network analysis)
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Total Social Media Users
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Skill 2.5
Real-world Application Proficiency:
Apply matrix operations and solution methodologies to 
real-world problems involving linear transformations 
and modeling

Exercise 2.5
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Review Exercise 2
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