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4.	 Laws	of	Motion	 A14	–	A20
 Topic 1 : Ist, IInd & IIIrd Laws of Motion
 Topic 2 :  Motion of Connected Bodies, Pulley & Equilibrium of Forces
 Topic 3 : Friction
 Topic 4 : Circular Motion, Banking of Road

Hints & Solutions (Class XIth) A109–A232

4.	Laws	of	Motion	 A123	–	A130



1.	 Units	and	Measurements	 A1	–	A7
 Topic 1 : Unit of Physical Quantities
 Topic 2 : Dimensions of Physical Quantities
 Topic 3 : Errors in Measurements & Experimental physics
 Topic 4 : Miscellaneous (Mixed concepts) problems
2.	 Motion	in	a	Straight	Line	 A8	–	A10
 Topic 1 : Distance, Displacement & Uniform Motion
 Topic 2 : Non-uniform Motion
 Topic 3 : Relative Velocity
 Topic 4 : Motion Under Gravity
3.	 Motion	in	a	Plane	 A11	–	A13
 Topic 1 : Vectors
 Topic 2 : Motion in a Plane with Constant Acceleration
 Topic 3 : Projectile Motion
 Topic 4 :  Relative Velocity in Two Dimensions & Uniform 

Circular Motion
4.	 Laws	of	Motion	 A14	–	A20
 Topic 1 : Ist, IInd & IIIrd Laws of Motion
 Topic 2 :  Motion of Connected Bodies, Pulley & Equilibrium 

of Forces
 Topic 3 : Friction
 Topic 4 : Circular Motion, Banking of Road
5.	 Work,	Energy	and	Power	 A21	–	A30
 Topic 1 : Work Topic 2 : Energy
 Topic 3 : Power Topic 4 : Collisions
 Topic 5 : Miscellaneous (Mixed concepts) problems
6.	 System	of	Particles	and	Rotational	Motion	 A31	–	A49
 Topic 1 :  Centre of Mass, Centre of Gravity & Principle of 

Moments
 Topic 2 : Angular Displacement, Velocity and Acceleration
 Topic 3 : Torque, Couple and Angular Momentum
 Topic 4 : Moment of Inertia and Rotational K.E.
 Topic 5 : Rolling Motion
 Topic 6 : Miscellaneous (Mixed concepts) problems
7.	 Gravitation	 A50	–	A54
 Topic 1 : Kepler’s Laws of Planetary Motion
 Topic 2 : Acceleration due to Gravity
 Topic 3 : Gravitational Field and Potential Energy
 Topic 4 :  Motion of Satellites, Escape Speed and Orbital 

Velocity
 Topic 5 : Miscellaneous (Mixed concepts) problems

Contents

Hints & Solutions (Class XIth) A109–A232

1.	 Units	and	Measurements	 A109	–	A115
2.	 Motion	in	a	Straight	Line	 A116	–	A118
3.	 Motion	in	a	Plane	 A119	–	A122
4.	 Laws	of	Motion	 A123	–	A130
5.	 Work,	Energy	and	Power	 A131	–	A142
6.	 System	of	Particles	and	Rotational	Motion	 A143	–	A163
7.	 Gravitation	 A164	–	A168

8.	 Mechanical	Properties	of	Solids	 A169
9.	 Mechanical	Properties	of	Fluids	 A170	–	A178
10.	Thermal	Properties	of	Matter	 A179	–	A187
11.	Thermodynamics	 A188	–	A200
12.	Kinetic	Theory	 A201	–	A208
13.	Oscillations	 A209	–	A217
14.	Waves	 A218	–	A232

8.	 Mechanical	Properties	of	Solids	 A55	–	A56
 Topic 1 : Hooke’s Law & Young’s Modulus
 Topic 2 :  Bulk and Rigidity Modulus and Work Done in 

Stretching a Wire
9.	 Mechanical	Properties	of	Fluids	 A57	–	A64
 Topic 1 :  Pressure, Density, Pascal’s Law and Archimedes’ 

Principle
 Topic 2 : Fluid Flow, Reynold’s Number and Bernoulli’s Principle
 Topic 3 : Viscosity and Terminal Velocity
 Topic 4 : Surface Tension, Surface Energy and Capillarity
 Topic 5 : Miscellaneous (Mixed concepts) problems
10.	 Thermal	Properties	of	Matter	 A65	–	A71
 Topic 1 : Thermometer & Thermal Expansion
 Topic 2 : Calorimetry and Heat Transfer
 Topic 3 : Miscellaneous (Mixed concepts) problems
11.	 Thermodynamics	 A72	–	A81
 Topic 1 : First Law of Thermodynamics
 Topic 2 :  Specific Heat Capacity and Thermodynamical 

Processes
 Topic 3 :  Carnot Engine, Refrigerators and Second Law of 

Thermodynamics
12.	 Kinetic	Theory	 A82	–	A89
 Topic 1 : Kinetic Theory of an Ideal Gas and Gas Laws
 Topic 2 : Speed of Gas, Pressure and Kinetic Energy
 Topic 3 :  Degree of Freedom, Specific Heat Capacity, and 

Mean Free Path
 Topic 4 : Miscellaneous (Mixed concepts) problems
13.	 Oscillations	 A90	–	A97
 Topic 1 :  Displacement, Phase, Velocity and Acceleration in 

S.H.M.
 Topic 2 : Energy in Simple Harmonic Motion
 Topic 3 :  Time Period, Frequency, Simple Pendulum and 

Spring Pendulum
 Topic 4 : Damped, Forced Oscillations and Resonance
14.	 Waves	 A98	–	A108
 Topic 1 :  Basic of Mechanical Waves, Progressive and 

Stationary Waves
 Topic 2 : Vibration of String and Organ Pipe
 Topic 3 : Beats, Interference and Superposition of Waves
 Topic 4 : Musical Sound and Doppler’s Effect
 Topic 5 : Miscellaneous (Mixed concepts) problems

Class XIth A1 – A232



1.	 Electric	Charges	and	Fields	 B1	–	B9
 Topic 1 : Electric Charges and Coulomb’s Law
 Topic 2 : Electric Field and Electric Field Lines
 Topic 3 : Electric Dipole, Electric Flux and Gauss’s Law
 Topic 4 : Miscellaneous (Mixed concepts) problems
2.	 Electrostatic	Potential	and	Capacitance	 B10	–	B20
 Topic 1 : Electrostatic Potential and Equipotential Surfaces
 Topic 2 :  Electric Potential Energy and Work Done in 

Carrying a Charge
 Topic 3 :  Capacitors, Grouping of Capacitor and Energy 

Stored in a Capacitor
 Topic 4 : Miscellaneous (Mixed concepts) problems
3.	 Current	Electricity	 B21	–	B31
 Topic 1 :  Electric Current, Drift of Electrons, Ohm’s Law, 

Resistance and Resistivity
 Topic 2 : Combination of Resistances
 Topic 3 : Kirchhoff’s Laws, Cells, Thermo e.m.f. Electrolysis
 Topic 4 : Heating Effect of Current
 Topic 5 :  Wheatstone Bridge and Different Measuring 

Instruments
 Topic 6 : Miscellaneous (Mixed concepts) problems
4.	 Moving	Charges	and	Magnetism	 B32	–	B44
 Topic 1 : Motion of Charged Particle in Magnetic Field
 Topic 2 :  Magnetic Field Lines, Biot-Savart’s Law and 

Ampere’s Circuital Law
 Topic 3 : Force and Torque on Current Carrying Conductor
 Topic 4 :  Galvanometer and its Conversion into Ammeter 

and Voltmeter
 Topic 5 : Miscellaneous (Mixed concepts) problems
5.	 Electromagnetic	Induction	 B45	–	B53
 Topic 1 : Magnetic Flux, Faraday’s and Lenz’s Law
 Topic 2 : Motional and Static EMI and Application of EMI
 Topic 3 : Miscellaneous (Mixed concepts) problems

6.	 Alternating	Current	 B54	–	B58
 Topic 1 : AC Circuit, LCR Circuit, Quality and Power Factor
 Topic 2 : Miscellaneous (Mixed concepts) problems
7.	 Ray	Optics	and	Optical	Instruments	 B59	–	B77
 Topic 1 :  Plane Mirror, Spherical Mirror and Reflection of 

Light
 Topic 2 :  Refraction of Light at Plane Surface and Total 

Internal Reflection
 Topic 3 :  Refraction at Curved Surface Lenses and Power 

of Lens
 Topic 4 : Prism and Dispersion of Light
 Topic 5 : Optical Instruments
 Topic 6 : Miscellaneous (Mixed concepts) problems
8.	 Wave	Optics	 B78	–	B84
 Topic 1 :  Wavefront, Interference of Light, Coherent and 

Incoherent Sources
 Topic 2 : Young’s Double Slit Experiment
 Topic 3 :  Diffraction, Polarisation of Light and Resolving 

Power
 Topic 4 : Miscellaneous (Mixed concepts) problems
9.	 Dual	Nature	of	Radiation	and	Matter	 B85	–	B89
 Topic 1 : Matter Waves, Cathode and Positive Rays
 Topic 2 :  Photon, Photoelectric Effect X-rays and 

Davisson-Germer Experiment
 Topic 3 : Miscellaneous (Mixed concepts) problems
10.	 Atoms	 B90	–	B94
 Topic 1 : Atomic Structure and Rutherford’s Nuclear Model
 Topic 2 :  Bohr’s Model and the Spectra of the Hydrogen 

Atom
 Topic 3 : Miscellaneous (Mixed concepts) problems
11.	 Nuclei	 B95	–	B104
 Topic 1 : Composition and Size of the Nuclei
 Topic 2 : Mass-Energy Equivalence and Nuclear Reactions
 Topic 3 : Radioactivity
 Topic 4 : Miscellaneous (Mixed concepts) problems

Hints & Solutions (Class XIIth) B105–B232

1.	 Electric	Charges	and	Fields	 B105	–	B114
2.	 Electrostatic	Potential	and	Capacitance	 B115	–	B130
3.	 Current	Electricity	 B131	–	B142
4.	 Moving	Charges	and	Magnetism	 B143	–	B159
5.	 Electromagnetic	Induction	 B160	–	B169

6.	 Alternating	Current	 B170	–	B175
7.	 Ray	Optics	and	Optical	Instruments	 B176	–	B199
8.	 Wave	Optics	 B200	–	B207
9.	 Dual	Nature	of	Radiation	and	Matter	 B208	–	B213
10.	Atoms	 B214	–	B221
11.	Nuclei	 B222	–	B232

Class XIIth B1 – B232
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2. Structure of Atom A6 – A12
	 Topic	1	:		Different	Atomic	Models	that	Leads	to	Bohr	Model
	 Topic	2	:		Advancement	Towards	Quantum	Mechanical	Model	of	Atom
	 Topic	3	:	Quantum	Mechanical	Model	of	Atom
Hints & Solutions (Class XIth) A69–A162

2. Structure of Atom A81 – A87



1. Some Basic Concepts of Chemistry A1 – A5
	 Topic	1	:		Measurement,	 Mole	 Concept	 and	 Percentage	

Composition
	 Topic	2	:		Stoichiometry,		Equivalent	Concept,	Neutralization	

and	Redox	Titration

2. Structure of Atom A6 – A12
	 Topic	1	:		Different	 Atomic	 Models	 that	 Leads	 to	 Bohr	

Model
	 Topic	2	:		Advancement	 Towards	 Quantum	 Mechanical	

Model	of	Atom
	 Topic	3	:	Quantum	Mechanical	Model	of	Atom

3.	 Classification	of	Elements	and	 A13	–	A14 
Periodicity	in	Properties

	 Topic	1	:	Periodic	Classification
	 Topic	2	:	Periodic	Properties

4.	 Chemical	Bonding	and	Molecular	Structure	 A15	–	A20
	 Topic	1	:		Lewis	 Approach	 to	 Chemical	 Bonding	 ,	 Ionic	

Bond	and	Bond	Parameters
	 Topic	2	:	VSEPR	Theory	and	Hybridisation
	 Topic	3	:	VBT,	MOT	and	Hydrogen	Bonding

5.	 States	of	Matter A21 – A28
	 Topic	1	:		Intermolecular	Forces,	,	Gas	Laws	and	Ideal	Gas	

Equation
	 Topic	2	:	Kinetic	Theory	of	Gases	and	Molecular	Speeds
	 Topic	3	:		Deviation	from	Ideal	Gas	Behaviour,	Liquefaction	

of	Gases	and	Liquid	State

6.	 Thermodynamics	 A29	–	A36
	 Topic	1	:	Thermodynamics
	 Topic	2	:	Thermochemistry

Hints & Solutions (Class XIth) A69–A162

1. Some Basic Concepts of Chemistry A69 – A80
2. Structure of Atom A81 – A87
3.	 Classification	of	Elements	and	Periodicity	 A88	–	A89 

in	Properties
4.	 Chemical	Bonding	and	Molecular	Structure	 A90	–	A99
5.	 States	of	Matter	 A100	–	A109
6.	 Thermodynamics	 A110	–	A118
7.	 Equilibrium	 A119	–	A133

8.	 Redox	Reaction	 A134	–	A135
9.	 Hydrogen	 A136	–	A137
10.	The	s-Block	Elements	 A138	–	A139
11.	The	p-Block	Elements	(Group-13	and	14)	 A140	–	A143
12.	Organic	Chemistry	-	Some	Basic	 A144	–	A147 

Principles	and	Techniques
13.	Hydrocarbons	 A148	–	A162

Class XIth A1 – A162
7.	 Equilibrium	 A37	–	A44
	 Topic	1	:	Chemical	Equlibrium
	 Topic	2	:	Ionic	Equilibrium
8.	 Redox	Reaction	 A45	–	A46
	 Topic	1	:	Oxidation	and	Reduction	Reactions
	 Topic	2	:	Oxidation	Number
9.	 Hydrogen	 A47	–	A48
	 Topic	1	:		Preparation	 and	 Properties	 of	 Hydrogen	 and	

Hydrides
	 Topic	2	:	Preparation	and	Properties	of	H2O	and	D2O
	 Topic	3	:	Preparation	and	Properties	of	H2O2

10.	 The	s-Block	Elements	 A49–	A50
	 Topic	1	:	Group	-1	Elements	(Alkali	Metals)
	 Topic	2	:	Group	-2	Elements	(Alkaline	Earth	Metals)
11.	 The	p-Block	Elements	 A51	–	A54 

(Group-13	and	14)
	 Topic	1	:	Group-13	Elements	(Boron	Family)
	 Topic	2	:	Group-14	Elements	(Carbon	Family)
12.	 Organic	Chemistry	—	Some	Basic	 A55	–	A58 

Principles	and	Techniques
	 Topic	1	:		Classification	 and	 Nomenclature	 of	 Organic	

Compounds
	 Topic	2	:		Isomerism	in	Organic	Compounds
	 Topic	3	:		Concepts	 of	 Reaction	 Mechanism	 in	 Organic	

Compounds	and	Purification
13.	 Hydrocarbons	 A59	–	A68
	 Topic	1	:	Alkanes
	 Topic	2	:	Alkenes
	 Topic	3	:	Alkynes
	 Topic	4	:	Aromatic	Hydrocarbons

Contents



Class XIIth B1 – B262
1.	 The	Solid	State		 B1	–	B3
	 Topic	1	:		Different	Types,	Crystal	Structures	and	Properties	

of	Solids
	 Topic	2	:		Cubic	Systems,	Bragg’s	Equation	and	Imperfection	

in	Solids
2.	 Solutions		 B4	–	B8
	 Topic	1	:		Solution	and	Vapour	Pressure	of	Liquid	Solutions
	 Topic	2	:		Colligative	Properties	of	Solutions
3.	 Electrochemistry	 B9	–	B17
	 Topic	1	:		Conductance	 of	 Electrolytic	 Solution	 and	

Electrolysis
	 Topic	2	:		Nernst	Equation,	Commercial	Cells	and	Corrosion
4.	 Chemical	Kinetics	and	Nuclear	Chemistry	 B18	–	B26
	 Topic	1	:		Rate	of	Reactions,	Order	of	Reactions	and	Half	

Life	Period
	 Topic	2	:		Effect	 of	 Temperature	 and	 Catalyst	 on	 Rate	 of	

Reactions,	Collosion	Theory	of	Chemical	Reactions
	 Topic	3	:		Nuclear	Chemistry
5.	 Surface	Chemistry	 B27	–	B29
	 Topic	1	:		Adsorption
	 Topic	2	:		Catalysis	and	Theories	of	Catalysis
	 Topic	3	:		Colloids	and	Emulsions
6.	 General	Principles	and	Process	 B30	–	B33 

of	Isolation	of	Elements
	 Topic	1	:		Occurrence	of	Metals	and	Metallurgical	Processes
	 Topic	2	:		Purification	and	Uses	of	Metals
7.	 The	p-Block	Elements	(Group	15,	16,	17	&	18)	 B34	–	B41
	 Topic	1	:		Group-15	Elements	(Nitrogen	Family)
	 Topic	2	:		Group-16	Elements	(Oxygen	Family)
	 Topic	3	:		Group-17	Elements		(Halogen	Family)
	 Topic	4	:		Group-18	Elements	(Noble	Gases)

8.	 The	d-and	f-Block	Elements	 B42	–	B46
 Topic 1 :  d-Block	Elements
9.	 Co-ordination	Compounds	 B47	–	B52
	 Topic	1	:			Important	 Terms,	 Coordination	 Number,	

Nomenclature	and	Isomerism	of	Coordination	
Compounds

	 Topic	2	:			Bonding,	 Stability	 and	 Application	 of	
Coordination	Compounds

10.	 Haloalkanes	&	Haloarenes	 B53	–	B59
	 Topic	1	:		Preparation	and	Properties	of	Haloalkanes
	 Topic	2	:		Preparation	and	Properties	of	Haloarenes
11.	 Alcohols,	Phenols	&	Ethers	 B60	–	B67
	 Topic	1	:		Preparation	and	Properties	of	Alcohols
	 Topic	2	:		Preparation	and	Properties	of	Phenols
	 Topic	3	:		Preparation	and	Properties	of	Ethers
12.	 Aldehydes,	Ketones	and	Carboxylic	Acids	 B68	–	B90
	 Topic	1	:			Preparation	and	Properties	of	Carbonyl	Compounds
	 Topic	2	:			Preparation	and	Properties	of	Carboxylic	Acids	

and	its	Derivatives
13.	 Amines	 B91	–	B102
	 Topic	1	:			Cyanides,	Isocyanides,	Nitrites	&	Nitro	Compounds
	 Topic	2	:		Aliphatic	and	Aromatic	Amines
	 Topic	3	:		Diazonium	Salts
14.	 Biomolecules	 B103	–	B107
	 Topic	1	:		Carbohydrates	and	Lipids
	 Topic	2	:		Amino	Acids	and	Proteins
	 Topic	3	:		Nucleic	Acids,	Enzymes,	Vitamins	and	

Hormones
15.	 Polymers	 B108	–	B109
	 Topic	1	:		Classification	of	Polymers
	 Topic	2	:		Preparation,	Properties	and	Uses	of	Polymers
16.	 Chemistry	in	Every	Day	Life	 B110	
	 Topic	1	:		Drugs	 Classification,	 Therapeutic	 Action	 of	

Drugs	and	Chemicals	in	Food

Hints & Solutions (Class XIIth) B111–B262
1.	 The	Solid	State		 B111	–	B114
2.	 Solutions		 B115	–	B122
3.	 Electrochemistry	 B123	–	B136
4.	 Chemical	Kinetics	and	Nuclear	Chemistry	 B137	–	B148
5. Surface Chemistry B149 – B150
6.	 General	Principles	and	Process	of	 B151	–	B154 

Isolation	of	Elements
7.	 The	p-Block	Elements	 B155	–	B165 

(Group	15,	16,	17	&	18)

8.	 The	d-and	f-Block	Elements	 B166	–	B171
9.	 Co-ordination	Compounds	 B172	–	B184
10.	Haloalkanes	&	Haloarenes	 B185	–	B193
11.	Alcohols,	Phenols	&	Ethers	 B194	–	B204
12.	Aldehydes,	Ketones	and	Carboxylic	Acids	 B205	–	B237
13. Amines B238 – B254
14. Biomolecules B255 – B259
15.	Polymers	 B260	–	B261
16.	Chemistry	in	Every	Day	Life	 B262

For updates on JEE Main & Advanced Scan the QR Code.

Access Latest Syllabus, Past Papers, Mock Tests and much more.

https://bit.ly/38eW4Dg

































DISHA Publication Inc.
A-23 FIEE Complex, Okhla Phase II

New Delhi-110020

Tel: 49842349/ 49842350

© Copyright DISHA Publication Inc.

All Rights Reserved. No part of this publication may 
be reproduced in any form without prior permission 
of the publisher. The author and the publisher do 
not take any legal responsibility for any errors or 
misrepresentations that might have crept in.
We have tried and made our best efforts to provide 
accurate up-to-date information in this book.

Typeset By

DISHA DTP Team

Write To Us At
feedback_disha@aiets.co.in

www.dishapublication.com

This time we are appreciating your writing 
Creativity.
Write a review of the product you purchased on 
Amazon/Flipkart

Take a screen shot / Photo of that review

Scan this QR Code 
Fill Details and submit | That’s it … Hold tight n wait. 
At the end of the month, you will get a surprise gift 
from Disha Publication 

Scan this QR code

Buying Books from Disha is always Rewarding



CONTENTS OF FREE SAMPLE BOOK

ISBN - 9789362259936

MRP-690/-

This sample book is prepared from the book "Xclusive 47 Chapter-wise & Topic-wise JEE 
Advanced (1978 - 2024) New Syllabus MATHEMATICS Previous Year Solved Papers 3rd 
Edition | IIT-JEE PYQ Question Bank in NCERT Flow for JEE 2025".

In case you like this content, you can buy the Physical Book or E-book 
using the ISBN provided above.

The book & e-book are available on all leading online stores.

4.	 Complex	Numbers	and	Quadratic	Equations	 A10	–	A21
 Topic 1 : �Integral�Powers�of� Iota,�Algebraic�Operations�of�Complex�Numbers,�Conjugate,�Modulus�and�

Argument�or�Amplitude�of�a�Complex�number
 Topic 2 :  Rotational�Theorem,� Square�Root�of� a�Complex�Number,�Cube�Roots�of�Unity,�Geometry�of�

Complex�Numbers,�De-moiver’s�Theorem,�Powers�of�Complex�Numbers
 Topic 3 :  Solutions�of�Quadratic�Equations,�Sum�and�Product�of�Roots,�Nature�of�Roots,�Relation�Between�

Roots�and�Co-efficients,�Formation�of�an�Equation�with�Given�Roots
 Topic 4 :  Condition�for�Common�Roots,�Maximum�and�Minimum�value�of�Quadratic�Equation,�Quadratic�

Expression�in�two�Variables,�Solution�of�Quadratic�Inequalities

Hints & Solutions (Class XIth) A65–A180
4.� Complex�Numbers�and�Quadratic�Equations� A79-A99



1.	 Sets	 A1	–	A1
 Topic 1 : �Sets,� Types� of� Sets,� Subsets,� Power� Set,� Cardinal�

Number�of�Sets,�Operations�on�Sets
 Topic 2 :  Venn�Diagrams,�De�Morgan’s�law,�Practical�Problem
2.	 Relations	and	Functions	 A2	–	A2
 Topic 1 :  Relations�and�Functions,�Domain,�Codomain�and�Range
 Topic 2 : �Types�of�Functions,�Algebraic�Operations�on�Functions
3.	 Trigonometric	Functions	 A3	–	A9
 Topic 1 :  Trigonometric� Ratios,� Domain� and� Range� of�

Trigonometric� Functions,� Trigonometric� Ratios� of�
Allied�Angles

 Topic 2 :  Trigonometric�Identities,�Greatest�and�Latest�Value�of�
Trignometric�Expressions

 Topic 3 :  Solutions�of�Trignometric�Equations
4.	 Complex	Numbers	and	Quadratic	Equations	 A10	–	A21
 Topic 1 : �Integral� Powers� of� Iota,� Algebraic� Operations�

of� Complex� Numbers,� Conjugate,� Modulus� and�
Argument�or�Amplitude�of�a�Complex�number

 Topic 2 :  Rotational� Theorem,� Square� Root� of� a� Complex�
Number,�Cube�Roots�of�Unity,�Geometry�of�Complex�
Numbers,�De-moiver’s�Theorem,�Powers�of�Complex�
Numbers

 Topic 3 :  Solutions�of�Quadratic�Equations,�Sum�and�Product�of�
Roots,�Nature�of�Roots,�Relation�Between�Roots�and�
Co-efficients,� Formation� of� an� Equation�with� Given�
Roots

 Topic 4 :  Condition�for�Common�Roots,�Maximum�and�Minimum�
value�of�Quadratic�Equation,�Quadratic�Expression�in�
two�Variables,�Solution�of�Quadratic�Inequalities

5.	 Permutations	and	Combinations	 A22	–	A26
 Topic 1 :  Factorials�and�Permutations
 Topic 2 : �Combinations�and��Dearrangement�Theorem
6.	 Binomial	Theorem	 A27	–	A29
 Topic 1 :  Binomial� Theorem� for� a� Positive� Integral� Index� ‘x’,�

Expansion� of� Binomial,� General�Term,� Coefficient� of�
any�Power�of�‘x’

 Topic 2 :  Middle� Term,� Greatest� Term,� Independent� Term,�
Particular� Term� from� end� in� Binomial� � Expansion,�
Greatest�Binomial�Coefficients

Hints & Solutions (Class XIth) A65–A180
1. Sets A65-A65
2.	 Relations	and	Functions	 A66-A66
3.	 Trigonometric	Functions	 A67-A78
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Derivative�of�Sum,�Difference,��Product�&�Quotient�of�
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 Topic 2 :  Random�Variables,�Probability�Distribution,�Bernoulli�

Trails,�Binomial�Distribution,�Poisson�Distribution
13.	 Properties	of	Triangles	 B93	–	B98
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MCQs with One Correct Answer1

1. If 
1
-
-

w wz
z

 is purely real where w = a + ib, b ¹ 0 and z ¹ 1,

then the set of the values of z is [2006 - 3M, –1]
(a) {z : |z| = 1} (b) {z : z = z }
(c) {z : z ¹ 1} (d) {z : |z| = 1, z ¹ 1}

2. For all complex numbers z1, z2 satisfying |z1|=12 and
| z2-3-4i | = 5, the minimum value of |z1-z2| is [2002S]
(a) 0 (b) 2 (c) 7 (d) 17

3. If z1, z2 and z3 are complex numbers such that [2000S]

1 2 3 1 2 3
1 2 3

1 1 1 1,   then   z= = = + + = + +z z z z z
z z z

is
(a) equal to 1 (b) less than 1
(c) greater than 3 (d) equal to 3

4. If arg(z) < 0, then arg (-z) - arg(z) = [2000S]

(a) p (b) p- (c) 2
p

- (d) 2
p

5. For positive integers n1, n2 the value of the expression
1 1 2 23 5 7(1 ) (1 ) (1 ) (1 )+ + + + + + +n n n ni i i i , where

i = 1–  is a real number if and only if [1996 - 1 Marks]
(a) n1 = n2 +1 (b) n1 = n2 –1
(c) n1 = n2 (d) n1 > 0, n2 > 0

6. Let z and w  be two complex numbers such that | z | £  1,
| w  | £  1 and | z + i w  | = | z – i w | = 2 then z equals [1995S]
(a) 1 or i (b) i or – i
(c) 1 or – 1 (d) i or – 1

7. Let z and w  be two non zero complex numbers such that
| z | = | w  | and Arg z + Argg w  = p, then z equals      [1995S]
(a) w (b) – w (c) w (d) – w

8. The smallest positive integer n for which [1980]

1
1

1
+æ ö =ç ÷è ø-

ni
i

 is

(a) n = 8 (b) n = 16
(c) n = 12 (d) none of these

Integer Value Answer/ Non-Negative Integer2

9. Let
1967 1686 isinA :

7 3 i cos
ì ü+ q

= qÎí ý- qî þ
¡ . If A contains exactly

one positive integer n, then the value of n is [Adv. 2023]

10. For any integer k, let ak = cos 7
pæ ö

ç ÷è ø
k

 + i sin 7
pæ ö

ç ÷è ø
k

, where

i = –1 . The value of the expression 

12

1
1

3

4 –1 4 –2
1

| – |

| – |

+
=

=

a a

a a

å

å

k k
k

k k
k

 is

       [Adv. 2015]
11. If z is any complex number satisfying |z – 3 – 2i| £  2, then

the minimum value of |2z – 6 + 5i| is  [2011]

Numeric/ New Stem Based Questions3

12. Let z be a complex number with non-zero imaginary part. If
2

2
2 3 4
2 3 4

+ +
- +

z z
z z

 is a real number, then the value of |z|2 is

_________.                                                  [Adv. 2022]
13. Let z  denote the complex conjugate of a complex number

z and let 1.= -i  In the set of complex numbers, the
number of distinct roots of the equation

( )2 2z z i z z- = +  is __________.                  [Adv. 2022]

Topic-1: Integral Powers of Iota, Algebraic Operations of Complex Numbers,
Conjugate, Modulus and Argument or Amplitude of a Complex number

Complex Numbers
and  Quadratic Equations4
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Fill in the Blanks4

14. If the expression [1987 - 2 Marks]

sin cos tan ( )
2 2

1 2 sin
2

é ùæ ö æ ö+ +ç ÷ ç ÷ê úè ø è øë û
é ùæ ö+ ç ÷ê úè øë û

x x i x

xi

is real, then the set of all possible values of x is ............

True / False5

15. For complex number 1 1 1= +z x iy  and 2 2 2= +z x iy , we
write 1 2Çz z , if 1 2£x x  and 1 2£y y . Then for all complex

numbers z with 1Ç z , we have 
1– 0
1

Ç
+

z
z

.

[1981 - 2 Marks]

MCQs with One or More than One Correct Answer6

16. Let { } { }12 : , , ( 1 2) := + Î = - + Î¢ ¥nS a b a b T n

and { }2 (1 2) := + Î¥nT n . Then which of the following

statements is (are) TRUE? [Adv. 2024]

(a) 1 2 Ì¢U UT T S

(b) 1
10,

2024
T æ ö = fç ÷

è ø
I , where f denotes the empty set.

(c) 2 (2024, )T ¥ ¹ fI

(d) For any given a,  b Î ¢ , cos( ( 2))a b ip + +

sin( ( 2))p + Î¢a b if and only if b = 0, where

1i = - .
17. Let z denote the complex conjugate of a complex number

z. If z is a non-zero complex number for which both real and

imaginary parts of ( )2
2

1z
z

+  are integers, then which of

the following is/are possible value(s) of |z| ?    [Adv. 2022]

(a)

1
443 3 205

2
æ ö+
ç ÷è ø

(b)

1
47 33

4
æ ö+
ç ÷è ø

(c)

1
49 65

4
æ ö+
ç ÷è ø

(d)

1
47 13

6
æ ö+
ç ÷è ø

18. Let S be  the  set  of  all  complex  numbers  z satisfying
2| 1 | 1.z z+ + =  Then which of the following statements

is/are TRUE?   [Adv. 2020]

(a)
1 1
2 2

z + £  for all z SÎ

(b) | | 2z £  for all z SÎ

(c)
1 1
2 2

z + ³  for all z SÎ

(d) The set S has exactly four elements
19. Let s, t, r be non-zero complex numbers and L be the set

of solutions z = x + iy ( , , , 1)Î = -¡x y i  of the equation

sz + t z  + r = 0, where z  = x – iy. Then, which of the
following statement(s) is (are) TRUE? [Adv. 2018]
(a) If L has exactly one element, then |s| ¹ |t|
(b) If |s| = |t|, then L has infinitely many elements
(c) The number of elements in L Ç {z : |z – 1 + i| = 5} is at

most 2
(d) If L has more than one element, then L has infinitely

many elements
20. For a non-zero complex number z, let arg(z) denote the

principal argument with arg( )-p < £ pz . Then, which of
the following statement (s) is (are) FALSE?    [Adv. 2018]

(a) arg( 1 i)
4
p

- - = , where 1= -i

(b) The function : ( , ]® -p p¡f , defined by
( ) arg( 1 )= - +f t it for all Î¡t , is continuous at all

points of ¡ , where 1= -i
(c) For any two non-zero complex numbers z1 and z2,

1
1 2

2
arg arg( ) arg( )

æ ö
- +ç ÷

è ø

z z z
z

is an integer multiple of 2p
(d) For any three given distinct complex numbers z1, z2

and z3, the locus of the point z satisfying the condition

1 2 3

3 2 1

( )( )arg
(z z )(z z )

æ ö- -
= pç ÷- -è ø

z z z z , lies on a straight line

21. Let a, b, x and y be real numbers such that a – b = 1 and
y ¹  0. If the complex number z = x + iy satisfies

az b
Im

z 1
+æ ö

ç ÷è ø+
 = y, then which of the following is(are)

possible value(s) of x ? [Adv. 2017]

(a) 21 1 y- + - (b) 21 1 y- - -

(c) 21 1 y+ + (d) 21 1 y- +
22. Let z1 and z2 be two distinct complex numbers and let

z = (1 – t) z1 + tz2 for some real number t with 0 < t < 1. If Arg
(w) denotes the principal argument of a non-zero complex
number w, then [2010]
(a) 1 2 1 2| | | | | |- + - = -z z z z z z
(b) Arg (z – z1) = Arg (z – z2)

(c)
1 1

2 1 2 1

z z z z
z z z z

- -
- -

(d) Arg (z – z1) = Arg (z2 – z1)
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23. If 

6 3 1
4 3 1
20 3

-
- = +

i i
i x iy

i
, then [1998 - 2 Marks]

(a) x = 3, y = 2 (b) x = 1, y = 3
(c) x = 0, y = 3 (d) x = 0, y = 0

24. The value of the sum 
13

1=
S

n
 (in + in+1), where i = 1- , equals

[1998 - 2 Marks]
(a) i (b)   i – 1 (c) –i (d)    0

25. The value of 
6

1

2 2(sin cos )
7 7=

p p
-å

k

k ki  is

[1987 - 2 Marks]
(a) – 1 (b) 0 (c) – i (d) i
(e) None

26. If 1z  and 2z  are two nonzero complex numbers such that

1 2 1 2| | | | | |,+ = +z z z z then Arg 1 -z Arg g 2z  is equal to
[1987 - 2 Marks]

(a) p- (b)
2
p

- (c) 0 (d)
2
p

(e) p
27. Let z1 and z2 be complex numbers such that 1 2¹z z  and

1z  = 2z . If z1 has positive real part and z2 has negative

imaginary part, then 1 2

1 2

+
-

z z
z z

 may be [1986 - 2 Marks]

(a) zero (b) real and positive
(c) real and negative (d) purely imaginary
(e) none of these.

28. If ibaz +=1  and idcz +=2  are complex  numbers such
that |z1| = |z2|=1 and Re(z1 2z )=0, then the pair of complex
numbers icaw +=1  and idbw +=2  satisfies –

[1985 - 2 Marks]
(a) 1|| 1 =w (b) 1|| 2 =w
(c) 0)(Re 21 =ww (d) none of these

Match the Following7

29. Let z be a complex number satisfying |z|3 + 2z2 + 4z – 8 = 0, where z denotes the complex conjugate of z. Let the imaginary part
of z be non-zero.
Match each entry in List-I to the correct entries in List-II.

List-I List-II
(P) |z|2 is equal to (1) 12

(Q)
2

z z- is equal to (2) 4

(R) |z|2 + 
2

z z+  is equal to (3) 8

(S) |z + 1|2 is equal to (4) 10
(5) 7

The correct option is: [Adv. 2023]
(a) (P) ® (1), (Q) ® (3), (R) ® (5), (S) ® (4)
(b) (P) ® (2), (Q) ® (1), (R) ® (3), (S) ® (5)
(c) (P) ® (2), (Q) ® (4), (R) ® (5), (S) ® (1)
(d) (P) ® (2), (Q) ® (3), (R) ® (5), (S) ® (4)

30. Let 
2 2

cos sin
10 10k
k k

z i
p pæ ö æ ö= +ç ÷ ç ÷è ø è ø ; k = 1, 2, ...., 9. [Adv. 2014]

List-I List-II
P. For each zk there exists as zj such that zk. zj = 1 1. True

Q. There exists a { }1, 2,...,9k Î such that z1.z = zk 2. False
has no solution z in the set of complex numbers

R. 1 2 91 1 .... 1
10

z z z- - -
 equals 3. 1

S.
9

1

21 cos
10k

k

=

pæ ö- ç ÷è øå  equals 4. 2

P    Q    R    S P    Q    R    S
(a) 1      2     4    3 (b) 2      1     3    4
(c) 1      2     3    4 (d) 2      1     4    3
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Topic-2: Rotational Theorem, Square Root of a Complex Number, Cube
Roots of Unity, Geometry of Complex Numbers, De-moiver’s Theorem,

Powers of Complex Numbers

MCQs with One Correct Answer1

1. Let q1, q2, ..., q10 be positive valued angles (in radian)
such that q1 + q2 + ... + q10 = 2p. Define the complex
numbers z1 = eiq1, zk = –1

qki
kz e  for k = 2, 3, ..., 10, where

–1=i . Consider the statements P and Q given below :

2 1 3 2 10 9 1 10... 2- + - + + - + - £ pP z z z z z z z z

2 2 2 2 2 2 2 2
2 1 3 2 10 9 1 10... 4- + - + + - + - £ pQ z z z z z z z z

          [Adv. 2021]
(a) P is TRUE and Q is FALSE
(b) Q is TRUE and P is FALSE
(c) both P and Q are TRUE
(d) both P and Q are FALSE

2. Let S be the set of all complex numbers z satisfying

2 5- + ³z i .  If  the  complex  number  z0 is such that

0

1
1-z  is the maximum of the set 

1 :
1

ì üï ïÎí ý-ï ïî þ
z S

z , then

the principal argument of 
0 0

0 0

4
2

- -
- +

z z
z z i  is      [Adv. 2019]

(a) 4
p

(b)
3
4
p

(c) 2
p

(d) 2
p

-

3. Let complex numbers a and 
1
a

lie on circles (x – x0)2

+ (y – y0)2 = r2 and (x – x0)2 + (y – y0)2 = 4r2.
respectively. If z0 = x0 + iy0 satisfies the equation

2 2
02 z r 2, then= + a = [Adv. 2013]

(a)
1
2

(b)
1
2

(c)
1
7

(d)
1
3

Comprehension/Passage Based Questions8

PASSAGE-1
Let S = S1 Ç S2 Ç S3, where

1 { : | | 4},S z z= Î <£ 2
–1 3: Im 0
1– 3

z iS z
i

ì üé ù+ï ï= Î >í ýê ú
ï ïë ûî þ
£

and 3S {z : Re z 0}.= Î >£ [Adv. 2013]
31. Area of S =

(a)
10

3
p

(b)
20

3
p

(c)
16

3
p

(d)
32

3
p

32. min |1 3 |
Î

- - =
z S

i z

(a)
2 3

2
-

(b) 2 3
2
+ (c)

3 3
2

-
(d) 3 3

2
+

PASSAGE-2
Let A, B, C be three sets of complex numbers as defined below

{ : Im 1}A z z= ³ [2008]
{ :| 2 | 3}B z z i= - - =

{ : Re((1 ) ) 2}C z i z= - =
33. The number of elements in the set A B CÇ Ç  is

(a) 0 (b) 1 (c) 2 (d) ¥
34. Let z be any point in A B CÇ Ç .

Then, |z + 1 – i|2 + |z – 5 – i|2 lies between
(a) 25 and 29 (b) 30 and 34
(c) 35 and 39 (d) 40 and 44

35. Let  z  be  any  point  A B CÇ Ç  and  let  w  be  any  point
satisfying |w – 2 – i| < 3. Then, |z| – |w| + 3 lies between

(a) –6 and 3 (b) –3 and 6
(c) –6 and 6 (d) –3 and 9

Subjective Problems10
36. If z1 and z2 are two complex numbers such taht |z1| < 1< |z2|

then prove that 1 2

1 2

1
1

-
<

-
z z

z z . [2003 - 2 Marks]

37. Let Z1 = 10 + 6i and Z2 = 4 + 6i. If Z is any complex number

such that the argument of 1

2

( )
( )

-
-

Z Z
Z Z

 is 
4
p  ,  then prove

that | Z – 7 – 9i| = 23 . [1990 -  4 Marks]
38. Show that the area of the triangle on the Argand diagram

formed by the complex numbers z, iz and z + iz is 21 | |
2

z .

[1986 - 2½ Marks]
39. Find the real values of x and y for which the following

equation is satisfied (1 ) 2 (2 3 )
3 3

+ - - +
+ =

+ -
i x i i y i i

i i
[1980]

40. If x + iy = +
+

a ib
c id

, prove that (x2 + y2)2 = 
2 2

2 2
+

+

a b

c d
.  [1979]

41. Express 1
1 cos 2 sin- q + qi

 in the form x + iy. [1978]
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4. Let z be a complex number such that the imaginary part of
z is non-zero and a = z2  + z + 1 is real. Then a cannot take
the value [2012]

(a) –1 (b)
1
3

(c)
1
2

(d)
3
4

5. Let z = x + iy be a complex number where x and y are
integers. Then the area of the rectangle whose vertices are

the roots of the equation :  –3 – 3 350+ =z z z z is [2009]

(a) 48 (b) 32 (c) 40 (d) 80

6. Let z = cos q  + i sin q. Then the value of 
15

2 –1

1
Im( )m

m
z

=
å

at  q  = 2° is [2009]

(a)
1

sin 2°
(b)

1
3sin 2°

(c)
1

2sin 2°
(d)

1
4sin2°

7. A particle P starts from the point z0 = 1 + 2i, where 1i = - .
It moves horizontally away from origin by 5 units and then
vertically away from origin by 3 units to reach a point z1.
From z1 the particle moves 2 units in the direction of the

vector ˆ ˆi j+  and then it moves through an angle 
2
p

 in

anticlockwise direction on a circle with centre at origin, to
reach a point z2. The point z2 is given by [2008]
(a) 6 + 7i (b) –7 + 6i (c) 7 + 6i (d) –6 + 7i

8. If | z | = 1 and z ¹ ± 1, then all the values of 21-

z
z

 lie on

(a) a line not passing through the origin  [2007 -3 marks]
(b) | z | = 2
(c) the x-axis
(d) the y-axis

9. A man walks a distance of 3 units from the origin towards
the north-east (N 45° E) direction. From there, he walks a
distance of 4 units towards the north-west (N 45° W)
direction to reach a point P. Then the position of P in the
Argand plane is [2007 -3 marks]
(a) 3eip/4 + 4i (b) (3 – 4i)eip/4

(c) (4 + 3i)eip/4 (d) (3 + 4i)eip/4

10. a, b, c are integers, not all simultaneously equal and  w is
cube root of unity (w ¹ 1), then minimum value of
|a + bw + cw2| is [2005S]

(a) 0 (b) 1 (c)
3

2
(d)

1
2

11. The locus of z which lies in shaded region (excluding the
boundaries) is best represented by  [2005S]

(a) z : |z + 1| > 2 and |arg (z+1)| < p/4
(b) z : |z – 1| > 2 and |arg (z–1)| < p/4

D

CA
(–1, 0) (1, 0)

B

arg ( ) > –z

arg ( ) < z

p
4

p
4(–1+ 2, 2)

(–1+ 2,– 2)

(c) z : |z + 1| < 2 and |arg (z+1)| < p/2
(d) z : |z – 1| < 2 and |arg (z+1)| < p/2

12. If w (¹ 1) be a cube root of unity and (1 + w2)n = (1 + w4)n,
then the least positive value of n is      [2004S]
(a) 2 (b) 3 (c) 5 (d) 6

13. If 
1

1 and ( where 1)
1

-
= w = ¹ -

+
z

z z
z

, then Re( w ) is

[2003S]

(a) 0 (b) 2
1

1
-

+z

(c) 2
1

.
1 1+ +

z
z z

(d) 2
2

1+z

14. Let 
1 3
2 2

w = - + i , then the value of the det.

42

22

1
11

111

ww
ww--  is [2002 - 2 Marks]

(a) w3 (b) )1(3 -ww
(c) 23w (d) )1(3 w-w

15. The complex numbers z1,  z2 and z3  satisfying

1 3

2 3

1 3
2

- -
=

-
z z i
z z  are the vertices of a triangle which is

[2001S]
(a) of area zero (b) right-angled isosceles
(c) equilateral (d) obtuse-angled isosceles

16. Let z1 and z2 be nth roots of unity which subtend a right
angle at the origin. Then n must be of the form [2001S]
(a) 4k + 1 (b) 4k +2

(c) 4k + 3 (d) 4k

17. If i = 1- , then 4 + 5 
334 365

1 3 1 33
2 2 2 2

æ ö æ ö
- + + - +ç ÷ ç ÷

è ø è ø

i i
 is

equal to [1999 - 2 Marks]

(a) 1 3- i  (b) – 1 3+ i

(c) 3i (d) 3- i

18. If w  ( ¹ 1) is a cube root of unity and ( )71 w+ = A + B w

then A and B are respectively [1995S]
(a) 0, 1 (b) 1, 1 (c) 1, 0 (d) – 1, 1

19. If a, b, c and u, v, w are complex numbers representing the
vertices of two triangles such that c = (1 – r) a + rb and
w = (1 – r)u + rv, where r is a complex number, then the two
triangles [1985 - 2 Marks]
(a) have the same area (b) are similar
(c) are congruent (d) none of these

20. The points z1, z2, z3 z4 in the complex plane are  the vertices
of a parallelogram taken in order if and only if

[1983 - 1 Mark]
(a) z1 + z4 = z2 + z3 (b) z1 + z3 = z2 + z4
(c) z1 + z2 = z3 + z4 (d) None of these
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21. If iyxz +=  and )/()1( iziz --=w , then 1|| =w  implies
that, in the complex plane, [1983 - 1 Mark]
(a) z lies on the imaginary axis
(b) z lies on the real axis
(c) z lies on the unit circle
(d) None of these

22. The inequality – 4 – 2<z z  represents the region given
by [1982 - 2 Marks]
(a) Re(z) ³ 0 (b) Re(z) < 0
(c) Re(z) > 0 (d) none of these

23. If 
5 5

3 3
2 2 2 2

æ ö æ ö
= + + -ç ÷ ç ÷è ø è ø

i iz , then [1982 - 2 Marks]

(a) Re(z) = 0 (b) Im(z) = 0
(c) Re(z) > 0, Im (z) > 0 (d) Re(z) > 0, Im (z) < 0

24. The complex numbers = +z x iy  which satisfy the

equation – 5
1

5
=

+
z i
z i

 lie on [1981 - 2 Marks]

(a) the x-axis
(b) the straight line y = 5
(c) a circle passing through the origin
(d) none of these

25. If the cube roots of unity are 1, w, w2, then the roots of the
equation (x – 1)3 + 8 = 0 are [1979]
(a) – 1, 1 + 2w, 1 + 2w2 (b)  – 1, 1 – 2w, 1 – 2w2

(c) – 1, – 1, – 1 (d)  None of these

Integer Value Answer/ Non-Negative Integer2

26. For a complex number z, let Re(z) denote the real part of z.
Let S be  the  set  of  all  complex  numbers  z

satisfying 4 4 2| | 4 ,z z iz- =  where 1.i = -  Then the

minimum possible value of 2
1 2| | ,z z-  where 1 2,z z SÎ

with Re(z1) > 0 and Re(z2) < 0, is _____
[Adv. 2020]

27. Let 1w ¹ be a cube root of unity. Then the minimum of the

set { }22 : , , distinct non-zero integers+ w+ wa b c a b c

equals _____. [Adv. 2019]

Fill in the Blanks4

28. The value of the expression
1•(2–w)(2–w2)+2•(3–w)(3–w2)+....+(n–1).(n–w)(n–w2),
where w is an imaginary cube root of unity, is.....

[1996 - 2 Marks]
29. Suppose Z1, Z2, Z3 are the vertices of an equilateral triangle

inscribed in the circle |Z| = 2. If Z1 = 1 + 3i  then Z2 = ........,
Z3 = ............ [1994 -  2 Marks]

30. ABCD is a rhombus. Its diagonals AC and BD intersect at
the point M and satisfy BD = 2AC. If the points D and M
represent the complex numbers 1 + i and 2 - i respectively,
then A represents the complex number .........or..........

[1993 -  2 Marks]
31. If a and b are the numbers between 0 and 1 such that the

points 1z  = a + i, z2 = 1 + bi and z3 = 0 form an equilateral
triangle, then a = .......and b = ........... [1989 - 2 Marks]

32. For any two complex numbers z1, z2 and any real number a
and b. [1988 - 2 Marks]
| az1 – bz2 |2 + | bz1 + az2 |2 = .............

True / False5

33. The cube roots of unity when represented on Argand
diagram form the vertices of an equilateral triangle.

[1988 - 1 Mark]
34. If three complex numbers are in A.P. then they lie on a

circle in the complex plane. [1985 - 1 Mark]
35. If the complex numbers, Z1, Z2 and Z3 represent

the vertices of an equilateral triangle such that
| Z1| = | Z2 | = | Z3 | then Z1 + Z2 + Z3 = 0.  [1984 - 1 Mark]

MCQs with One or More than One Correct Answer6

36. Let a, bÎ¡ and a2 + b2 ¹  0.

Suppose 
1: , , 0+ì ü= Î = Î ¹í ý

+î þ
¡S z C Z t

a ibt
, where

1i = - . If z = x+ iy and z Î S, then (x, y) lies on
[JEE Adv. 2016]

(a) the circle with radius 
1
2a  and centre 

1 ,0
2a

æ ö
ç ÷
è ø

 for

a > 0, b ¹  0

(b) the circle with radius
1
2a

-  and centre 
1 ,0
2a

æ ö-ç ÷
è ø

 for

a < 0, b ¹ 0
(c) the x-axis for a ¹ 0, b = 0
(d) the y-axis for a = 0, b ¹ 0

37. Let 3
2
+

=
iw  and P = {wn : n  = 1, 2, 3, ...}. Further H1 =

1: Re
2

ì üÎ >í ý
î þ
£z z  and 2

1: Re ,
2
-ì ü= Î <í ý

î þ
£H z z  where c is

the set of all complex numbers. If 1 1 2 2,z P H z P HÎ Ç Î Ç
and O represents the origin, then Ðz1Oz2 = [Adv. 2013]

(a) 2
p

(b) 6
p

(c)
2
3
p

(d)
5
6
p
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38. If w is an imaginary cube root of unity, then (1 + w – w2)7

equals [1998 - 2 Marks]
(a) 128w (b) –128w     (c) 128w2          (d)   –128w2

Match the Following7
39. Match the statements in Column I with those in

Column II.

[2010]
[Note : Here z takes values in the complex plane and Im z and Re z denote , respectively, the imaginary part and the real part of z.]

Column  I Column  II

(A) The set of points z satisfying (p) an ellipse with eccentricity 
4
5

|z – i| z | | = |z + i | z || is contained in or equal to (q) the set of points z   satisfying Im z = 0
(B) The set of points z satisfying (r) the set of points z satisfying |Im z | < 1

|z + 4 | + |z – 4 | = 10 is contained in or equal to
(C) If | w | = 2, then the set of points (s) the set of points z satisfying | Re z | < 2

z = w –
1
w

 is contained in or equal to
(D) If | w | = 1, then the set of points (t) the set of points z satisfying | z | < 3

z = w + 
1
w

 is contained in or equal to.

40. z ¹ 0 is a complex number [1992 -  2 Marks]
Column I Column II

(A) Re z = 0 (p) 2Re z  = 0

(B) Arg z = 
4
p

(q) 2Im z  = 0

(r) 2Re z  = 2Im z

Subjective Problems10

41. If one the vertices of the square circumscribing the circle

 |z – 1|  = 2  is 2 3+ i . Find the other vertices of the
square. [2005 - 4 Marks]

42. Find the centre and radius of circle given by

, 1- a
= ¹

- b
z k k
z

where, z = x + iy, a = a1 + ia2,  b = b1 + ib2
[2004 - 2 Marks]

43. Prove that there exists no complex number z such that

1

1| | and 1
3 =

< =å
n

r
r

r
z a z  where |ar| < 2.[2003 - 2 Marks]

44. Let a complex number 1, ¹aa , be a root of the equation
zp+q – zp – zq + 1 = 0, where p, q are distinct primes. Show
that either 1 + a + a2 + .... + ap - 1 = 0 or 1 + a + a2 + ... +
aq – 1 = 0, but not both together.            [2002 - 5 Marks]

45. For complex numbers z and w, prove that
|z|2 w–|w|2 z = z –w if and only if z = w or z w  = 1.

[1999 - 10 Marks]
46. Let z1 and z2 be roots of the equation z2 + pz + q = 0, where

the coefficients p and q may be complex numbers. Let A
and  B represent z1 and z2 in the complex plane. If ÐAOB =
a ¹ 0 and OA = OB, where O is the origin, prove that

p2 = 4q cos2 ÷
ø
ö

ç
è
æ a

2
. [1997 - 5 Marks]

47. Find all non-zero complex numbers Z satisfying Z  = iZ2.
[1996 - 2 Marks]

48. If | | 1, | | 1,£ £Z W  show that
2| |-Z W 2(| | | |)£ -Z W 2( )+ -Arg Z ArgW

[1995 -  5 Marks]
49. If iz3 + z2 – z + i = 0,  then show that | z | = 1.

[1995 -  5 Marks]
50. If 1, a1, a2 ......, an – 1  are the n roots of unity, then show

that (1 – a1)(1 – a2) (1 – a3) ....(1 – an – 1) = n
[1984 - 2 Marks]

51. Prove that the complex numbers z1, z2 and the origin
form an equilateral triangle only if
z1

2 + z2
2 –z1z2 = 0. [1983 - 3 Marks]
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52. Let the complex number z1, z2 and z3 be the vertices of an
equilateral triangle. Let z0 be the  circumcentre of the
triangle. Then prove that z1

2 + z2
2 + z3

2 = 3z0
2.

[1981 - 4 Marks]

Topic-3: Solutions of Quadratic Equations, Sum and Product of Roots,
Nature of Roots, Relation Between Roots and Co-efficients,

Formation of an Equation with Given Roots

MCQs with One Correct Answer1

1. Suppose a, b denote the distinct real roots of the quadratic

polynomial 2 20 2020x x+ -  and suppose c, d denote the
distinct complex roots of the quadratic polynomial

2 20 2020.x x- +  Then the value of      [Adv. 2020]
( ) ( ) ( ) ( )ac a c ad a d bc b c bd b d- + - + - + -  is

(a) 0 (b) 8000
(c) 8080 (d) 16000

2. Let 
6 12
p p

- < q < - . Suppose q1 and B1are the roots of the

equation x2 – 2x sec q + 1 = 0 and a2 and b2 are the roots
of the equation x2 + 2x tan q – 1 = 0. If a1 > b1 and a2 > b2,
then a1 + b2 equals      [Adv. 2016]
(a) 2 (sec q – tan q) (b) 2 sec q
(c) –2 tanq (d) 0

3. The quadratic equation p(x) = 0 with real coefficients has
purely imaginary roots. Then the equation p(p(x)) = 0 has

[Adv. 2014]
(a) one purely imaginary root
(b) all real roots
(c) two real and two purely imaginary roots
(d) neither real nor purely imaginary roots

4. If Ra Î  and the equation

[ ]( ) [ ]( )2 23 2 0x x x x a- - + - + =

(where [x] denotes the greatest integer £ x ) has no integral
solution, then all possible values of a lie in the interval:

[Main 2014]
(a) ( )2, 1- - (b) ( ) ( ), 2 2,-¥ - È ¥

(c) ( ) ( )1,0 0,1- È (d) ( )1, 2
5. Let a and b be the roots of x2 – 6x – 2 = 0, with a > b. If

= a - bn n
na  for n ³  1, then the value of 10 8

9

2
2

a a
a
-

 is

[2011]
(a) 1 (b) 2 (c) 3 (d) 4

6. Let (x0, y0) be the solution of the following equations
2 3(2 ) (3 )n nx y=l l ; 3 2=l lnx ny .

Then x0 is   [2011]

(a)
1
6

(b)
1
3

(c)
1
2

(d) 6

7. Let p and q be real numbers such that 30,¹ ¹p p q  and
3 ¹ -p q . If a and b are nonzero complex numbers

satisfying a + b = – p and a3 + b3 = q, then a quadratic

equation having a
b

and b
a

 as its roots is   [2010]

(a) 3 2 3 3( ) ( 2 ) ( ) 0+ - + + + =p q x p q x p q

(b) 3 2 3 3( ) ( 2 ) ( ) 0+ - - + + =p q x p q x p q

(c) 3 2 3 3( ) (5 2 ) ( ) 0- - - + - =p q x p q x p q

(d) 3 2 3 3( ) (5 2 ) ( ) 0- - + + - =p q x p q x p q
8. Let a, b be the roots of the equation x2 – px + r = 0 and

, 2
2
a

b  be the roots of the equation x2 – qx + r = 0. Then

the value of r is           [2007 -3 marks]

(a)
2 ( )(2 )
9

p q q p- - (b)
2 ( )(2 )
9

q p p q- -

(c) 2 ( 2 )(2 )
9

q p q p- - (d)
2 (2 )(2 )
9

p q q p- -

9. Let a, b, c be the sides of a triangle where a ¹ b ¹ c and
l Î R. If the roots of the equation
x2 + 2(a + b + c)x + 3l (ab + bc + ca) = 0 are real, then

[2006 - 3M, –1]

(a)
3
4

<l (b)
3
5

>l

(c) ÷
ø
ö

ç
è
æÎl

3
5,

3
1 (d) ÷

ø
ö

ç
è
æÎl

3
5,

3
4

10. If one root is square of the other root of the equation

x2 + px + q = 0, then the relation between p and q is [2004S]

(a) p3 – q(3p – 1) + q2 = 0

(b) p3 – q(3p + 1) + q2 = 0

(c) p3 + q(3p – 1) + q2 = 0

(d) p3 + q(3p+1)+q2 = 0

53. If x = a + b, y  = ag + bb and z = ab + bg where g and b are the
complex cube roots of unity, show that xyz = a3 + b3.

[1978]
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11. For the equation 3x2 + px + 3 = 0, p > 0, if one of the root is
square of the other, then p is equal to [2000S]
(a) 1/3 (b) 1 (c) 3 (d) 2/3

12. If b > a, then the equation (x – a) (x – b) –1 = 0 has [2000S]
(a) both roots in (a, b)
(b) both roots in (–¥, a)
(c) both roots in (b, +¥)
(d) one root in (–¥, a) and the other in (b, +¥)

13. If a and b (a < b) are the roots of the equation x2 + bx + c = 0,
where c < 0 < b, then [2000S]
(a) 0 < a < b (b) a < 0 < b < | a |
(c) a < b < 0 (d) a < 0 < | a | < b

14. If the roots of the equation x2 – 2ax + a2 + a – 3 = 0 are real
and less than 3, then            [1999 - 2 Marks]
(a) a < 2 (b) 2 £  a £  3
(c) 3 < a £  4 (d) a > 4

15. Let , {1, 2,3, 4}p qÎ . The number of equations of the form
px2 + qx + 1 = 0 having real roots is    [1994]
(a) 15 (b) 9
(c) 7 (d) 8

16. Let a, b be the roots of the equation (x – a) (x – b) = c,
c ¹ 0. Then the roots of the equation
(x – a) (x – b) + c = 0 are    [1992 -  2 Marks]
(a) a, c (b) b, c
(c) a, b (d) a + c, b + c

17. Let a, b, c be  real  numbers,  a ¹ 0. If a  is  a  root  of
a2x2 + bx + c = 0. b  is the root of a2x2 – bx – c = 0 and
0 < a < b, then the equation a2x2 + 2bx + 2c = 0 has a root
g that always satisfies    [1989 - 2 Marks]

(a)
2

b+a
=g (b)

2
b

+a=g

(c) a=g (d) a < g < b

18. The equation 1
21

1
2

-
-=

-
-

xx
x  has  [1984 - 2 Marks]

(a) no root (b) one root
(c) two equal roots (d) infinitely many roots

19. If (x2 + px + 1) is a factor of (ax3 + bx + c), then [1980]
(a) a2 + c2 = – ab (b) a2 – c2 =  – ab
(c) a2 – c2 = ab (d) none of these

20. Both the roots of the equation
(x – b) (x – c) + (x – a) (x – c) + (x – a) (x – b) = 0are always
(a) positive (b) real [1980]
(c) negative (d) none of these.

21. If l , m, n are real, l ¹ m, then the roots by the equation:
(l – m)x2 – 5 (l + m) x – 2 (l – m) = 0 are [1979]

(a) Real and equal (b) Complex
(c) Real and unequal (d) None of these

Integer Value Answer/ Non-Negative Integer2

22. The product of all positive real values of x satisfying the

equation
( )( )3

5 516 log 68 log 165
x x

x
- -=  is __________ .

[Adv. 2022]

23. For x Î ¡, then number of real roots of the equation
3x2 – 4|x2 – 1| + x – 1 = 0 is _____.           [Adv. 2021]

Numeric/ New Stem Based Questions3

24. The smallest value of k, for which both the roots of the
equation x2 – 8kx + 16 (k2 – k + 1) = 0 are real, distinct and
have values at least 4, is   [2009]

Fill in the Blanks4

25. If the product of the roots of the equation
 x2 – 3kx + 2 e2lnk – 1 = 0 is 7, then the roots are real for
k = ...................          [1984 - 2 Marks]

26. If 2 3i+  is a root of the equation 2 0x px q+ + = , where
p and q are real, then (p, q) = ( ................... , ................... ).

            [1982 - 2 Marks]

True / False5

27. If a < b < c < d, then the roots of the equation
(x – a) (x – c) + 2(x – b) (x – d) = 0 are real and distinct.

[1984 - 1 Mark]
28. The equation 2x2 + 3x + 1 = 0 has an irrational root.

[1983 - 1 Mark]

MCQs with One or More than One Correct Answer6

29. Let R2 denote R ´ R. Let S = {(a, b, c : a, b, c Î R and
ax2 + 2bxy + cy2 > 0 for all (x, y) Î R2 – {(0, 0)}.
Then which of the following statements is (are) TRUE?

[Adv. 2024]

(a)
72, ,6
2

Sæ ö Îç ÷
è ø

(b) If 
13, ,

12
b Sæ ö Îç ÷

è ø
, then | 2b | < 1.

(c) For any given (a, b, c) Î S, the system of linear
equations ax + by = 1 by + cy = –1 has a unique
solution.

(d) For any given (a, b, c) Î S, the system of linear
equations (a + 1)x + by = 0 bx + (c + 1)y = 0 has a
unique solution.



Complex Numbers and Quadratic Equations A19

30. If 3x = 4x–1, then x =                  [Adv. 2013]

(a)
3

3

2log 2
2log 2 1- (b)

2

2
2 log 3-

(c)
4

1
1 log 3- (d)

2

2

2log 3
2log 3 1-

Comprehension/Passage Based Questions8

Let p, q be integers and let a, b be the roots of the equation,
x2 – x – 1 = 0, where a ¹ b. For n = 0, 1, 2, ...., let an = pan + q bn.

FACT : If a and b are rational numbers and a b 5 0,+ =  then
a = 0 = b                        [Adv. 2017]
31. a12 =

(a) a11 – a10 (b) a11 + a10
(c) 2a11 + a10 (d) a11 + 2a10

32. If a4= 28, then p + 2q =
(a) 21 (b) 14 (c) 7 (d) 12

Assertion and Reason/Statement Type Questions9

33. Let a, b, c, p, q be real numbers. Suppose a, b are the roots

of the equation x2 + 2px + q = 0 and 
1,a
b

 are the roots of

the equation ax2 + 2bx + c = 0, where 2 { 1, 0, 1}b Ï -

STATEMENT - 1 :  (p2 – q) (b2 – ac) ³  0
and

STATEMENT - 2 :  b pa¹  or c qa¹ [2008]
(a) STATEMENT - 1 is True, STATEMENT - 2 is True;

STATEMENT - 2 is a correct explanation for
STATEMENT - 1

(b) STATEMENT - 1 is True, STATEMENT - 2 is True;
STATEMENT - 2 is NOT a correct explanation for
STATEMENT - 1

(c) STATEMENT - 1 is True, STATEMENT - 2 is False
(d) STATEMENT - 1 is False, STATEMENT - 2 is True

Subjective Problems10

34. Let a and b be the roots of the equation x2 – 10cx – 11d = 0
and those of x2 – 10ax – 11b = 0 are c, d then the value of
a + b + c + d, when a ¹ b ¹ c ¹ d, is.   [2006 - 6M]

35. If x2 + (a – b) x + (1 – a – b) = 0 where a, b Î  R then find the
values of a for which equation has unequal real roots for
all values of b. [2003 - 4 Marks]

36. If ba,  are the roots of ax2 + bx + c =  0,  (a ¹ 0)  and
d+bd+a ,  are the roots of Ax2 + Bx + C = 0,  (A ¹ 0) for

some constant d , then prove that 
2 2

2 2
4 4b ac B AC

a A
- -

= .

[2000 - 4 Marks]
37. Let a, b, c be real. If ax2 + bx + c = 0 has two real roots

a and b , where 1-<a  and 1>b , then show that

1 0c b
a a

+ + < . [1995 -  5 Marks]

38. Solve 2| 4 3 | 2 5 0x x x+ + + + =  [1988 - 5 Marks]
39. For a £  0, determine all real roots of the equation

2 22 | | 3 0x a x a a- - - = [1986 - 5 Marks]

40. Solve for x;   10)625()625( 33 22
=-++ -- xx

 [1985 - 5 Marks]
41. Solve the following equation for x : [1978]

2 logxa + logaxa + 3 2log 0
a x

a = , a > 0

42. Solve for x : 1 1 1x x+ - - = . [1978]



A20 Mathematics

Topic-4: Condition for Common Roots, Maximum and Minimum value of
Quadratic Equation, Quadratic Expression in two Variables, Solution of

Quadratic Inequalities

MCQs with One Correct Answer1

1. A value of b for which the equations
x2 + bx – 1 = 0
x2 + x + b = 0

have one root in common is [2011]

(a) 2- (b) 3-i (c) 5i (d) 2
2. For all ‘x’, x2 + 2ax + 10– 3a > 0, then the interval in which

‘a’ lies is [2004S]
(a) a < – 5 (b) – 5 < a < 2
(c) a > 5 (d) 2 < a < 5

Integer Value Answer/ Non-Negative Integer2

3. Let f (x) = x4 + ax3 + bx2 + c be a polynomial with real
coefficients such that f (1) = –9. Suppose that 3i  is a

root of the equation 4x3 + 3ax2 + 2bx = 0 where 1i = - . If
a1, a2, a3 and a4 are all the roots of the equation f (x) = 0,
then |a1|2 + |a2|2 + |a3|2 + |a4|2 is equal to ______.

[Adv. 2024]

Fill in the Blanks4

4. If the quadratic equations x2 + ax + b = 0 and x2 + bx + a = 0
( )a b¹  have a common root, then the numerical value of
a + b is ................... [1986 - 2 Marks]

True / False5

5. If P(x) = ax2 + bx + c and Q(x) = –ax2 + dx + c, where
0¹ac , then P(x)Q(x)=0 has at least two real roots.

[1985 - 1 Mark]

MCQs with One or More than One Correct Answer6

6. Let S be the set of all non-zero real numbers a such that
the quadratic equation ax2 – x + a = 0 has two distinct real
roots x1 and x2 satisfying the inequality |x1 – x2| < 1. Which
of the following intervals is(are) a subset(s) of S?

[JEE Adv. 2015]

(a)
1 1– , –
2 5

æ ö
ç ÷è ø (b)

1– ,0
5

æ ö
ç ÷è ø

(c)
10,
5

æ ö
ç ÷è ø (d)

1 1,
25

æ ö
ç ÷è ø

7. If a, b, c, d and p are distinct real numbers such that
(a2 + b2 + c2)p2 – 2 (ab + bc + cd)p + (b2 + c2 + d2) £ 0
then a, b, c, d  [1987 - 2 Marks]
(a) are in A. P. (b) are in G. P.
(c) are in H. P. (d) satisfy ab = cd
(e) satisfy none of these

8. For real x, the function cx
bxax

-
-- ))((

 will assume all real

values provided [1984 - 3 Marks]
(a) a > b > c (b) a < b < c
(c) a > c > b (d) a < c < b

Subjective Problems10

9. Let a, b, c be real numbers with a ¹ 0 and let a, b be the
roots of the equation ax2 + bx + c = 0. Express the roots of
a3x2 + abcx + c3 = 0 in terms of a, b. [2001 - 4 Marks]

10. Find all real values of x which satisfy 0232 >+- xx

and 2x 3x 4 0- - £  [1983 - 2 Marks]
11. If a, b are the roots of x2 + px + q = 0 and g, d are the

roots of x2 + rx + s = 0, then evaluate (a - g) (a - d) (b - g)
(b - d) in terms of p, q, r and s.
Deduce the condition that the equations have a common
root.   [1979]
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Topic-1 : Integral Powers of Iota, Algebraic Operations of Complex Numbers, Conjugate, Modulus

and Argument or Amplitude of a Complex Number

1. (d) 2. (b) 3. (a) 4. (a) 5. (d) 6. (c) 7. (d) 8. (d) 9. (281) 10. (4)

11. (5) 12. (0.50) 13. (4) 14.
π2pπ, nπ +
4

æ ö
ç ÷
è ø

15. (True) 16. (a, c, d)  17. (a) 18. (b, c) 19. (a, c, d)

20. (a, b, d) 21. (a, b) 22. (a,c,d) 23. (d) 24. (b) 25. (d) 26. (c) 27. (a, d) 28. (a, b, c)
29. (b) 30. (c) 31. (b) 32. (c) 33. (b) 34. (c) 35. (d)

Topic-2 : Rotational Theorem, Square Root of a Complex Number, Cube Roots of Unity, Geometry of

Complex Numbers, De-moiver’s Theorem, Powers of Complex Numbers

1. (c) 2. (d) 3. (c) 4. (d) 5. (a) 6. (d) 7. (d) 8. (d) 9. (d) 10. (b)
11. (a) 12. (b) 13. (a) 14. (b) 15. (c) 16. (d) 17. (c) 18. (b) 19. (b) 20. (b)

21. (b) 22. (d) 23. (b) 24. (a) 25. (b) 26. (8) 27. (3) 28. 21 ( 1) ( 3 4)
4

- + +n n n n

29. 2,1 3- - i 30.
33 2 or 1
2

i i- - 31. 2 3, 2 3- - 32. (a2 + b2) (|z1|
2 + |z2|

2) 33. (True)34. (False)

35. (True) 36. (a, c, d) 37. (c, d) 38. (d) 39. A ® (q, r); B ® (p); C ® (p, s, t); D ® (q, r, s, t)
40. A ® (q); B ® (p)

Topic-3 : Solutions of Quadratic Equations, Sum and Product of Roots, Nature of Roots,

Relation Between Roots and Co-efficients, Formation of an Equation with Given Roots

1. (d) 2. (c) 3. (d) 4. (c) 5. (c) 6. (c) 7. (b) 8. (d) 9. (a) 10. (a)
11. (c) 12. (d) 13. (b) 14. (a) 15. (c) 16. (c) 17. (d) 18. (a) 19. (c) 20. (b)
21. (c) 22. (1) 23. (4) 24. (2) 25. (2) 26. (–4, 7) 27. (True) 28. (False) 29. (a,b,c)30. (a,b,c)
31. (b) 32. (d) 33. (b)

Topic-4 : Condition for Common Roots, Maximum and Minimum value of Quadratic Equation, Quadratic

Expression in two Variables, Solution of Quadratic Inequalities

1. (b) 2. (b) 3. (20) 4. (1) 5. (True) 6. (a, d) 7. (b) 8. (c, d)

Answer Key



Topic-1: Factorials and Permutations

1. (d) Q  
w is purely real

1
w- z

z-

\  
–

1– 1 1 1
w wz w wz w wz w wz

z z z z
- - -æ ö æ ö= Þ =ç ÷ ç ÷

è ø è - ø - -

Þ   w wz wz wzz w wz wz wzz- - + = - - +

Þ   2( ) | |w w w w z- = -

Þ   | z |2  = 1 ( i and 0)w = a + b b ¹Q

Þ   | z |  = 1 and  also given that z ¹ 1

\ The required set is {z : | z | =1, z ¹ 1} 3 ( 1)= w w-
2. (b) | z1 |=12  Þ    z1 lies on a circle with centre (0, 0) and radius

12 units.
And | z2 – 3 – 4i |  =  5 Þ  z2 lies on a circle with centre
(3, 4) and radius 5 units.

C 

B
A

y

x

(z )1
( )z2

O

y'

x1

From figure, it is clear that | z1– z2 | i.e., distance between z1 and
z2 will be min when they lie at A and B respectively i.e., O,C, B,
A are collinear  as shown.
Then z1– z2 = AB = OA – OB = 12 – 2(5) = 2. As above is the
minimum value, we must have | z1– z2|  ³ 2.

3. (a) Given : | z1 | = | z2 | = | z3| = 1

Now, 2
1 1 1 1| | 1 | | 1 1z z z z= Þ = Þ =

Similarly 2 2 3 31, 1z z z z= =

Now, 1 2 3
1 2 3

1 1 1 1 | | 1z z z
z z z

+ + = Þ + + =

Þ   1 2 3 1z z z+ + =  Þ  1 2 3 1z z z+ + =

4. (a) Given :  arg (z) < 0 (given) Þ arg (z) = – q

rr

r

(– )z

O

(z)

x

Now, cos( ) sin ( ) [cos( ) sin ( )]z r i r i= -q + -q = q - q
Again [cos ( ) sin ( )]z r i- = - q - q
                 [cos( ) sin ( )]r i= p - q + p - q
\ arg ( ) ;z- = p - q
Thus arg ( ) arg ( ) ( )z z- - = p - q - - q = p - q + q = p

5. (d) 1 1 2 23 5 7(1 ) (1 ) (1 ) (1 )n n n ni i i i+ + + + + + +

 = 1 1 2 2(1 ) (1– ) (1 ) (1– )n n n ni i i i+ + + + +

Using 1 2 (cos / 4 sin / 4)i i+ = p + p

and 1 2 (cos / 4 sin / 4)i i- = p - p
We get the given expression as

( ) 1 1 12 cos sin
4 4

n n n
i

p pé ù= +ê úë û

( ) 2 2 22 cos sin
4 4

n n n
i

p pé ù+ +ê úë û

( ) 2 2 22 cos sin
4 4

n n n
i

p pé ù+ -ê úë û

( ) 1 21 22 2cos ( 2) 2cos
4 4

n nn npù pé é ù= +úê ê úë ë ûû
= real number irrespective the values of n1 and n2
\  (d) is the most appropriate answer.

6. (c) Given that  | | | |z i z i+ w = - w

Þ | ( ) | | ( ) |z i z i- - w = - - w
Þ z lies on perpendicular bisector of the line segment joining

( ) and ( )i i- w - w , which is real axis, ( ) and ( )i i- w - w
being mirror images of  each other.

\ Im(z) = 0.
2If , then 1 1 1 1z x z x x= £ Þ £ Þ - £ £

\ (c) is the correct option.
7. (d)   Q  | | | | and arg argz z= w = p - w

Let ( )thenq p-qw = =i ire z re
Þ .p - q= i iz re e

  ( ) (cos sin ) ( 1)- q= p + p = w - = -wire i

8. (d)
21 (1 ) 1 1 2

1 (1 ) (1 ) 2
+ + - +

= = =
- - +

i i i i
i i i

Now in = 1 Þ  the smallest positive integral value of n should be
4.

9. (281) is a positive integer

2
281(49 18sin .cos i (21cos 42 sin ))

49 9cos
+ q q + q + q

=
+ q

for postive integer lm(z) = 0
21 cosq + 42 sinq = 0

Complex Numbers and
Quadratic Equations

4
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Þ tanq 21 –4 4– , sin 2 , cos .
2 5 5

= q = q =

Now Re (2) = 2
281(49 – 9 sin 2 )

49 9 cos
q

+ q
4281 49 9
5 281.449 9

5

æ ö- ´ -ç ÷
è ø= =

+ ´

10. (4) Given : ak = 7cos sin
7 7

p
p p

+ =
i k

k ki e

ak + 1 – ak = 
( 1)

/77 7 7– ( 1)
i k i k i k

ie e e e
p + p p

p= -

/7
1 1p

+a - a = -i
k k e

Þ

12
/ 7

1
1

– 12 1p
+

=
a a = -å i

k k
k

e

Similarly, 
3

/ 7
4 1 4 2

1
– 3 1p

- -
=

a a = -å i
k k

k
e

\

12

1
1

3

4 1 4 2
1

–

–

+
=

- -
=

a a

a a

å

å

k k
k

k k
k

 = 4

11. (5) Given : |z – 3 – 2i| < 2,
which represents a circular region with centre (3, 2) and
radius 2.

Now, |2z – 6 + 5i| = 
52 3
2

z iæ ö- -ç ÷
è ø

= 2 × distance of z from P
(where z lies in or on the circle) 5/2

P –5
23,

A

(3, 2)

x

y

O
x'

y'

Also min distance of z from P = 
5
2

\ Minimum value of |2z – 6 + 5i| = 5

12. (0.50) Let 
2

2
4 3 2
4 3 2

z zX
z z

+ +
=

- +
It can be written as

2
61

4 3 2
z

z z
= +

- +

Now 61
12 2 3

X
z

z

= +
æ ö+ -ç ÷
è ø

Q XÎR, then 12z R
z

+ Î

Þ
1 12 2z z
z z

+ = +  Þ ( ) 22 0
| |
z zz z

z
-

- - =

Q ( ) 2
12 0

| |
z z

z

æ ö
- - =ç ÷ç ÷

è ø

Q z z¹ (given). So, 2 1| |
2

z =

13. (4) Given, ( )2 2z z i z z- = +

It can be written as 2(1 ) (1 )z i z i- = +

So 2| | |1 – | | | |1 |z i z i= +
2| | | | | | 0 or | | 1z z z z= Þ = =

Let arg (z) = a. So from (i), we get

2 2
4 4

n p p
p - a - = a +

Þ
1 4 1 (4 1)
3 2 6

n n- - pæ öa = p =ç ÷
è ø

So we will get 3 distinct values of a. Hence there will be total 4
possible values of complex number z.

14. Let 
sin / 2 cos / 2 tan

1 2 sin / 2
x x i xz

i x
+ +

=
+

          
(sin / 2 cos / 2 tan )(1 2 sin / 2)

(1 2 sin / 2)(1 2 sin / 2)
x x i x i x

i x i x
+ + -

=
+ -

2

2

[sin / 2 cos / 2 2sin / 2 tan )
(tan 2sin / 2 2sin / 2cos / 2)]

(1 4sin / 2)

+ +
+ - -

=
+

x x x x
i x x x x

x
But it is given that z is real.
\  Im (z) = 0

Þ tan 2sin sin cos 0
2 2 2
x x xx æ ö- + =ç ÷è ø

Þ
2sin 2 sin / 2 2 sin / 2 cos / 2 0

cos
x x x x
x

- - =

Þ
sin (1 cos ) sin 0
cos

x x x
x

- - - =

Þ
1

sin 1 [1 cos ] 0
cos

x x
x

é ù- - - =ê úë û

Þ
1 cos sin [1 cos ] 0

cos
x x x

x
-æ ö - - =ç ÷è ø

Þ
sin(1 cos ) 1 0
cos

xx
x

æ ö- - =ç ÷è ø

Þ cos x = 1    Þ   x = 2n p
and tan x = 1   Þ    x = n p  + p /4
\         x = 2n p , n p  + p /4

15. (True) Let z = x + iy, then  1 1 & 0 (by def .)Ç Þ £ £z x y
Consider,
1 1 ( ) (1 ) (1 )
1 1 ( ) (1 ) (1 )

- - + - - + -
= = ´

+ + + + + + -
z x iy x iy x iy
z x iy x iy x iy

=
2 2

2 2 2 2
1 (1 1 )

(1 ) (1 )
- - - + +

-
+ + + +

x y iy x x
x y x y

=
2 2

2 2 2 2
1 2

(1 ) (1 )
- -

-
+ + + +

x y iy
x y x y
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1 0
1

-
Ç

+
z
z

    Þ     
2 2

2 2
1 0

(1 )
- -

£
+ +

x y
x y

and 2 2
2 0

(1 )
-

£
+ +

y
x y

Þ 2 21 0 and 2 0- - £ - £x y y

Þ 2 2 1and 0,x y y+ ³ ³  which is true as

1 and  0x y³ ³

Hence, the given statement is true ." Îz C

16. (a, c, d) (a) S = { 2 : , Z}+ Îa b a b
For b = 0; Z Ì S

T1 = ( 1 2) 2 , , Zn m n m n- + = + Î

T2 = 1 1 1(1 2) 2 , , , Zn m n m n+ = + Î

For n Î N elements of T1 and  T2 are of the form

2a b+

Hence 1 2Z T T SÈ È Ì

(b) Now, 1 2 1- + <  and its higher powers decreases

n( 1 2) 1Þ - + <  and can be made in 
1

0,
2024

æ ö
ç ÷è ø

 for

some higher n.
(c) 1 2 1+ >  and its higher power increases

( )1 2
n

Þ +  can be made in (2024, ¥) for some higher n.

(d) cos ( 2) sin ( 2) Za b i a bp + + p + Î  if

2a b+  is an integer Þ b = 0

17. (a) Let z = r.eiq -Þ = iz re q

\ ( )2 2 2
2 2 2

1 1i
iz r e

z r e
q

q
-+ = + = 2 2/

2
1 -æ ö+ç ÷

è ø
r e

r
q  = a + ib (say),

where a, bÎ Z

So, 
2

2 2 2
2

1æ ö
+ = +ç ÷

è ø
r a b

r
Þ r8 – (a2 + b2 –2)r4 + 1 = 0

2 2 2 2 2
4 (a b 2) (a 2) 4

2
+ - ± + - -

Þ =
b

r

for option (a): 4 43 3 205
| z |

2
+

=

Þ  a2 + b2 = 45 i.e. (a, b) = ( ± 6, ± 3) or ( ± 3, ± 6)

For option (b): 4 7 33
| z |

4
+

= Þ
2 2 11

2
+ =a b

For option (c): 2 2 13
2

+ =a b

For option (d): 2 2 13
3

+ =a b

18. (b, c)  |z2 + z + 1| = 1

21 3 1
2 4

æ öÞ + + ³ç ÷
è ø

z
21 1

2 4
zæ öÞ + ³ç ÷è ø

1 1
2 2

zÞ + ³

also |(z2 + z) + 1 | = 1

Þ |z2 + z| – 1 £ 1 Þ |z2 + z| £ 2

Þ | |z2| – |z|| £ |z2 + z| £ 2 Þ |r2 – r| £ 2 Þ r = |z| £ 2; "  z Î S
Hence, set 'S' is infinite

19. (a, c, d)
We have,

0sz tz r+ + = ..... (i)
On taking conjugate

 0sz tz r+ + = ..... (ii)
On solving Eqs. (i) and (ii), we get

2 2
rt rsz
s t

-
=

-
(a) For unique solutions of z

2 2 0s t s t- ¹ Þ ¹
It is true.

(b) If s t= , then rt rs-  may or may not be zero.
So, z may have no solution.
\  L may be an empty set.
It is false.

(c) If elements of set L represents line, then this line and given
circle intersect at maximum two point.

Hence, it is true.

(d) In the case locus of z is a line, so L has infinite elements.
Hence, it is true.

20. (a, b, d)

(a)
3arg( 1 )
4

i - p
- - =

\ (a) is false

(b)
1

1

tan ( ), 0
( ) arg( 1 )

tan ( ), 0

t t
f t it

t t

-

-

ép - ³
ê= - + =
ê-p + <ë

0
lim ( )

-®
= -p

t
f t  and 

0
lim ( )

t
f t

+®
= p

LHL RHL¹ Þ   f is discontinuous at t = 0

\ (b) is false.

(c) 1
1 2

2
arg arg argz z z

z
æ ö

- +ç ÷
è ø

= 1 2 1 22 arg arg arg argp + - - +n z z z z
=  2np,  multiple of  2p
\ (c) is true.

(d) 1 2 3

3 2 1

( )( )arg
( )( )
z z z z
z z z z

æ ö- -
= pç ÷- -è ø

Þ 1 2 3

3 2 1

( )( ) ,
( )( )
z z z z k k R
z z z z

- -
= Î

- -
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Þ 1 2 1

3 2 3

z z z zk
z z z z

æ ö æ ö- -
=ç ÷ ç ÷- -è ø è ø

Þ z, z1, z2, z3 are concyclic. i.e. z lies on a circle.
\ (d) is false.

21. (a, b) a – b = 1, y ¹ 0

Im 
az b

y
z 1

+æ ö =ç ÷è ø+

Þ Im 
( )
( )

( )
( )

a x iy b x 1 iy
x 1 iy x 1 iy

é ù+ + + -
´ê ú+ + + -ë û

 = y

Þ
( ) ( )

( )2 2

ax b y ay x 1
y

x 1 y

- + + +
=

+ +

Þ ( )2 2
axy by axy ay y

x 1 y

- - + +
=

+ +
Þ a – b = (x + 1)2 + y2

Þ 1 = (x + 1)2 + y2, \ x = –1 ± 21 y-

22. (a,c,d) Given : 1 2(1– )z t z t z= + , where 0 1t< <

1 2(1– )
(1 )

t z tz
z

t t
+

Þ =
- +

zÞ divides the join of z1and z2internally in the ratio
t : (1– t).

1 2, andz z z\ are collinear            
t 1–t

z1 z z2

1 2 1 2– – –z z z z z zÞ + =
Also 1 2(1 – )z t z t z= +

1

2 1

–
–

z z
t

z z
Þ = , which is purely real number

1

2 1

–arg 0
–

z z
z z

æ ö
\ =ç ÷

è ø
1 2 1arg( ) arg( )z z z zÞ - = -

Also 1 1

2 1 2 1

– –
– –

z z z z
t t

z z z z
= Þ =

1 1

2 1 2 1

– –
– –

z z z z
z z z z

Þ =

1 2 1 1 2 1( – )( – ) ( – ) ( – )z z z z z z z zÞ =

1 1

2 1 2 1

– –
0

– –
z z z z
z z z z

Þ =

23. (d) Taking  – 3i common from C2, we get
6 1 1

3 4 1 1 0
20

i
i

i i
- - - = (Q  C2 º  C3)

Þ  x = 0,   y = 0

24. (b)
13 13 13

1

1 1 1
( ) (1 ) (1 )n n n n

i i i
i i i i i i+

= = =
+ = + = +å å å ,

Which forms a G.P.

Sum of G.P.
13

13(1 )(1 ) 1 as
1

ii i i i i
i

-
= + = - =

-

25. (d) Let 
2 2cos sin
7 7

z ip p
= +

By DeMoivre’s theorem,
2 2cos sin

7 7
k k kz ip p

= +

Now, 
6

1

2 2sin s
7 7k

k ki co
=

p pæ ö-ç ÷
è øå

6

1

2 2( ) cos sin
7 7k

k ki i
=

p pæ ö= - +ç ÷
è øå

6 76

1

(1 )( )
1 1

k

k

z z zi z i z i
z z=

æ ö- -
= - = - = - ç ÷

- è - øå

71( ) [ cos 2 sin 2 1]
1
zi z i

z
-æ ö= - = = p + p =ç ÷

è - ø
Q

1
1

zi i
z

-æ ö= =ç ÷
è - ø

26. (c) Let 1 1 1 1(cos sin )z r i= q + q

and 2 2 2 2(cos sin )z r i= q + q

where  1 1 2 2 1 1 2 2| |, | |, arg ( ), arg ( )r z r z z z= = q = q =

\ 1 2 1 1 1 2 2 2(cos sin ) (cos sin )z z r i r i+ = q + q + q + q

= 1 1 2 2 1 1 2 2( cos cos ) ( sin sin )r r i r rq + q + q + q

So, |z1 + z2| =
2 2 2 2
1 1 2 2 1 2 1 2cos cos 2 cos cosr r r rq + q + q q

+ 2 2 2 2
1 1 2 2 1 2 1 2sin sin 2 sin sinr r r rq + q + q q

= 2 2
1 2 1 2 1 22 cos ( )r r r r+ + q - q

and 1 2 1 2| | | |z z r r+ = +

Given 1 2 1 2| | | | | |z z z z+ = +

Þ 2 2 2
1 2 1 2 1 2| | | | | | 2 | | | |z z z z z z+ = + +

Þ 2 2 2 2
1 2 1 2 1 2 1 2 1 2r 2 s ( ) r 2r r r co r r r+ + q - q = + +

Þ 1 2 1 2cos ( ) 1 0q - q = Þ q - q =
\ arg (z1) = arg (z2)

27. (a, d)  Let 1 2, 0 and ; ,z a ib a b R z c id= + > Î = +

0,d c R< Î , then
2 2 2 21 2| | | |= Þ + = +z z a b c d

           2 2 2 2Þ - = -a c d b ....(i)

Now, 1 2

1 2

( ) ( )
( ) ( )

z z a c i b d
z z a c i b d

+ + + +
=

- - + -

=     
2 2 2 2

2 2
[( ) ( )] [( ) ( ) ( ) ( )]

( ) ( )
a c b d i a c b d a c b d

a c b d
- + - + - + - + -

- + -
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= 2 2
[( ) ( ) ( ) ( )]

( ) ( )
i a c b d a c b d

a c b d
- + - + -

- + -
[Using (i)]

Which is purely imaginary number or zero in case
a + c = b + d = 0.

28. (a, b, c)  z1 = a + ib   and  z2 = c + id.
Acc. to the ques, | zi |2 = | z2 |

2 = 1

Þ a2 + b2 =1   and   c2 + d2 = 1. ....(i)

Also Re 1 2( ) 0 0z z ac bd= Þ + =

Þ ( )a d say
b c

-
= = a ....(ii)

From (i) and (ii), we get

b2 a2 + b2 = c2a2 + c2  Þ   b2 = c2;

Similarly,   a2  = d 2

\ 2 2 2 2
1| | 1a c c dw = + = + =

and 2 2 2 2
2| | 1b d c dw = + = + =

Also, Re 1 2( ) ( ) ( )ab cd b b c cw w = + = a + - a

        2 2( ) 0b c= a - =

29. (b) Given, 3 2z 2z 4z 8 0+ + - =    ...(i)
3 2z 2z 4z 8 0+ + - = [Conjugate both sides]

( ) ( )
( )[ ]

222 z z 4 z z 0

2 z z z z 2 0

- + - =

Þ - + - =

z z=Q  (Not possible) or z z 2+ =
\ z = 1 + bi (b ¹ 0) z 1 biÞ = -

( ) ( ) ( )
3/ 22 21 b 2 1 b 2bi 4 1 bi 8 0+ + - + + - - =  [from (i)]

( ) ( )3/ 22 21 b 2 1 b 0+ - + =

( ) ( )2 21 b 1 b 2 0Þ + + - =
2 2 21 b 0 1 b 2 0 b 3+ ¹ Þ + - = Þ =Q

(P) 2 2z 1 b 1 3 4= + = + =
(Q) 2 2 2z z 1 ib 1 ib 4b 12- = + - + = =

(R) 22 2z z z 4 1 ib 1 ib 4 4 8+ + = + + + - = + =

(S) 2 2 2z 1 1 1 ib 4 b 4 3 7.+ = + + = + = + =

30. (c) (P) ® (1) : 
2 2cos sin
10 10k
k kz ip p

= + , k = 1 to 9

\ 
2
10
ki

kz e
p

=

Now zk.zj = 1 Þ 

2
101
ki

j k
k

z e z
z

p-
= = =

We know if zk is 10th root of unity so will be kz .

\ For every zk, there exist zi = kz

Such that . . 1kk j kz z z z= =

Hence the statement is true.

(Q) ® (2) 1 kz z=  Þ 
1

kz
z

z
=  for 1 0z ¹

\  We can always find a solution of 1. kz z z=
Hence the statement is false.

(R) ® (3) : We know ( ) ( ) ( )10
1 91 1 ....z z z z z z- = - - -

Þ ( ) ( ) ( )
10

1 2 9
1.....

1
zz z z z z z
z

-
- - - =

-
= 1 + z + z2 + ... z9

For z = 1, we get ( ) ( ) ( )1 2 91 1 ..... 1 10z z z- - - =

\  1 2 91 1 ..... 1
1

10
z z z- - -

=

(S) ® (4) : 1, Z1, Z2, ..., Z9 are 10th roots of unity.
\ Z10 – 1 = 0
From equation 1 + Z1 + Z2 + .... + Z9 = 0,
Re (1) + Re (Z1) + Re (Z2) + .... + Re(Z9) = 0
Þ Re (Z1) + Re (Z2) + ..... Re(Z9) = – 1

Þ 
9

1

2cos 1
10=

p
= -å

K

k
 Þ 

9

1

21 cos 2
10=

p
- =å

K

k

Hence (c) is the correct option.
For (Qs. 31-32)
S1 : x2 + y2 < 16

S2 : 
(x 1) i(y 3)Im 0

1 i 3

é ù- + +
>ê ú

-ë û
3(x 1) (y 3) 0Þ - + + >  y 3x 0Þ + >

S3 : x > 0
Then S : S1ÇS2ÇS3 is as shown in the figure given below.

(0, 4)

x + =162 y2

60° (4, 0)
x

y

(1, – 3) (2, 2 3)-

y x 3 0+ =

x¢

y¢

31. (b) Area of shaded region

2
2 4 604

4 360
p p´ ´ °

= ´ +
°

 
8 204
3 3
p p

= p + =

32. (c) min 1 3
z s

i z
Î

- -  = min distance between z and (1, –3)

Clearly (from figure) minimum distance between zÎS and (1, –3)

from line y x 3 0+ =  i.e. 3 3 3 3
23 1

- -
=

+
For (Qs. 33 - 35)
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Given :  A= {z : Im(z) ³ 1}= {(x, y) : y ³ 1}
Clearly A is the set of all points lying on or above the line
y = 1 in cartesian plane.
B = {z : | z – 2 – i | = 3} = {(x, y) : (x – 2)2 + (y –1)2 = 9}
Þ B is  the  set  of  all  points  lying on the boundary of  the  circle
with centre (2, 1) and radius 3.
C = {z : Re[(1 – i) z ] = 2 } = {(x, y) : x + y =  2 }
Þ C is the set of all points lying on the straight  line represented
by x + y = 2 .
Graphically, the three sets are represented as shown below :

x

R s i( + )S(2+i)
(–1, i)Q

O

( )z P

x
y

 + =   2

y

x¢

y¢

33. (b) From graph A Ç B Ç C consists of only one point P [the
common point of the region y ³ 1, (x – 2)2 + (y – 1)2 = 9 and x +
y = 2 ] \ n (A Ç B Ç C) = 1

34. (c) Since, z is a point of A Ç B Ç C  Þ z represents the point P

\ |z + 1 – i |2 + |z – 5 – i|2

Þ  |z – (–1 + i)|2 + |z – (5 + i)|2

Þ PQ2 + PR2 = QR2 = 62 = 36, which lies between 35 and 39
\ (c) is correct option.

35. (d) Given : |w – 2 – i| < 3
Þ Distance between w and 2 + i  i.e. S is smaller than 3.
Þ w is a point lying inside the circle with centre S and radius 3.
Þ Distance between z (i.e. the point P) and w should be smaller
than 6 (the diameter of the circle)
i.e. | z – w| < 6

But we know that | z | | w | | z w |- < -

Þ | z | | w | 6- <   Þ 6 | z | | w | 6- < - <

 – 3 < | z | – | w | + 3 < 9
36. Given : | z1| <1< | z2 |

Then 1 2

1 2

1
1 is true

z z
z z
-

<
-

if  | 1– z1 2z  | < | z1– z2 | is true

or if  | 1– z1 2z  |
2
 <  | z1– z2 |

2 is true

or if  1 2 1 2 1 2 1 2(1 )(1 ) ( ) ( )z z z z z z z z- - < - -  is true

or if 1 2 1 2 1 2 1 2(1 ) (1 ) ( ) ( )z z z z z z z z- - < - - is true

or if 1 2 1 2 1 1 2 2 1 1 1 21 z z z z z z z z z z z z- - + < -

1 2 2 2z z z z- +  is true

or, if 2 2 2 2
1 2 1 21 | | | | | | | |z z z z+ < + is true

or, if  (1 – | z1|
2 ) (1– | z2 |

2 ) < 0 is true.

which is obviously true

as | z1| < 1< | z2 | Þ | z1|
2 < 1< | z2 |

2

Þ |1– | z1|
2 > 0 and  (1– | z2 |

2) < 0
37. Given : z1 = 10 + 6i  and  z2 = 4 + 6i

Also 1

2
arg

4
z z
z z

- pæ ö =ç ÷-è ø

Þ arg  (z – z1) – arg (z – z2) 4
p

=

         Þ arg (( ) (10 6 )) arg(( ) (4 6 ))
4

x iy i x iy i p
+ - + - + - + =

Þ arg [( 10) ( 6)] arg[( 4) ( 6)]
4

x i y x i y
p

- + - - - + - =

Þ 1 16 6
tan tan

10 4 4
y y
x x

- -- - pæ ö æ ö- =ç ÷ ç ÷è ø è ø- -

Þ 1
2

6 6
10 4tan

4( 6)1
( 4) ( 10)

y y
x x

y
x x

-

- -æ ö- pç ÷- - =ç ÷-ç ÷+ç ÷- -è ø

Þ 2
( 4) ( 6) ( 10) ( 6)

tan
4( 4) ( 10) ( 6)

x y x y
x x y

- - - - - p
=

- - + -

Þ (x – 4 – x + 10) (y – 6) = (x – 4) (x – 10) + (y – 6)2

Þ 6y – 36 = x2 + y2 –14x – 12y + 40 + 36

Þ x2 + y2 – 14x – 18y + 112 = 0

Þ (x2 – 14x + 49) + (y2 – 18y + 81) =18

Þ 2 2 2( 7) ( 9) (3 2)x y- + - =

Þ ( ) (7 9 ) 3 2x iy i+ - + =

Þ  (7 9 ) 3 2z i- + =
38. Let A = z = x + iy, B = iz = –  y + ix,

C = z + iz = (x – y) + i (x + y)

Now, area of 

1
1 1
2

1

x y
ABC y x

x y x y
D = -

- +
On applying,   R2 – R1 , R3 – R1,   we  get

         

1
1 0
2

0

x y
y x x y

y x
D = - - -

-

2 21 | |
2

xy x xy y= - - + - 2 21 | |
2

x y= - -

2 2 21 1| | | |
2 2

x y z= + =

39.
(1 ) 2 (2 3 )

3 3
i x i i y i i

i i
+ - - +

+ =
+ -

Þ (4 + 2i) x – 6i – 2 + (9 – 7i) y + 3i – 1= 10i
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Þ (4x + 9y – 3) + (2x – 7y – 3) i = 10i

Þ 4x + 9y – 3 = 0 and 2x – 7y – 3 = 10

On solving these two equations, we get x = 3, y = – 1

40. Given :    
+

+ =
+

a ibx iy
c id

Þ
2( ) a ibx iy

c id
+

+ =
+

....(i)

Taking conjugate on both sides, we get

2( ) a ibx iy
c id

-
- =

-
....(ii)

On multiply (i)  and (ii),  we get
2 2

2 2 2
2 2

( ) a bx y
c d

+
+ =

+

41.
1

1 cos 2 sini- q + q

= 2
1

2sin / 2 4 sin / 2 cos / 2iq + q q  = 
1

2sin / 2q
sin / 2 2 cos / 2

(sin / 2 2 s / 2) (sin / 2 2 cos / 2)
i

i co i
q - qé ù

ê úq + q q - që û

= 
1

2sin / 2q 2 2
sin / 2 2 cos / 2

(sin / 2 4 s / 2
i
co

q - qé ù
ê úq + që û

= 
1

2sin / 2q
2sin / 2 4 cos / 2
1 s 4 4 s

i
co co

q - qé ù
ê ú- q + + që û

= 
2

2sin / 2q
2sin / 2 2 cos / 2

5 3 s
i

co
q - qé ù

ê ú+ që û

= 
1 2 cot / 2

5 3 cos 5 3 cos
- qæ ö æ ö+ç ÷ ç ÷+ q + qè ø è ø

i

which is of the form x + iy.

Topic-2: Rotational Theorem, Square Root of a 
Complex Number, Cube Roots of Unity, Geometry of 

Complex Numbers, De-moiver’s Theorem, Powers 
of Complex Numbers

1. (c)

q1

q2

z1

z2z3

(A)

(B)(C)a

Since, | z1 | = | z2 | = ...| z10 | = 1

q2 = arc (z1 z2)

| z2 – z1 | = length of line AB £   length of arc AB

| z3 – z2 | = length of line BC £  length of arc BC

\ Sum of length of these 10 lines £  Sum of length of arcs (i.e.
2p)

[Q q1 + q2 + q3 + ... + q10 = 2p]

\ P : | z2 – z1 | + | z3 – z2 | + ... + | z1 – z10| £  2p

P is true.
Now, | z2

2 – z1
2 | = | z2 – z1 | | z2 + z1 |

We know that

| z2 + z1 | £  | z2 | + | z1 | £  2

\ | z2
2 – z1 |

2 + | z3
2 – z2

2 | + ... + | z1
2 – z10

2 | £

2 {| z2 – z1 | + | z3 – z2 | + ... + | z1 – z10 |} £  2 (2p) Þ Q £  4p

Q is also true.

2. (d) S : |z – 2 + i| 5³ represents boundary and outer region of
circle with centre (2, –1) and radius 5  units.

z0 Î S, such that 
0

1
| 1 |z -

 is the maximum.

\ |z0 –1| is minimum
z0 Î S with |z0 – 1| as minimum will be a point on boundary of
circle of region S which lies on radius of this circle, which passes
through (1, 0).
\ z0, 1, 2 – i are collinear, or (x0, y0), (1, 0), (2, –1) are collinear.
\ Using slopes of paralled lines,x'

0

0

1
1 2 1

y
x

-
=

- -  Þ y0 = 1 – x0

O
z0

(2, –1)

(1, 0)
x

y

x¢

y¢

Now, 
0

0 0 0 0

0 00

4 4 ( )
( ) 22

z z z z
z z iz z i

- - - +
=

- +- +

0 0

0 0

4 2 4 2
2 2 2 2 2

x x
iy i i x i i
- -

= =
+ - +

= 0

0

2(2 ) 1
2(2 )

-
= = -

-
x i
x i i

\ 0 0

0 0

4
(– )

2 2
z z

Arg Arg i
z z i

- - -pæ ö = =ç ÷- -è ø
3. (c) Since, a lies on the circle (x – x0)

2 + (y – y0)
2 = r2

\ |a – z0|
2  =  r2

Þ 0 0( )( )a - a -z z  = r2

Þ 0 0 0 0z z z zaa - a - a +  = r2

Þ 22
0 0 0z z za + - a - a  = r2 …(i)

Also 
1
a

 lies on the circle (x – x0)
2 + (y – y0)

2 = 4r2
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\
2

0
1 z-
a

 = 4r2   Þ 2
0 0

1 1
4z z ræ ö æ ö- - =ç ÷ ç ÷è ø è øa a

Þ
20 0

0 0
1 4z z z z r- - + =

aa a a

Þ 2 20 0
02 2 2

1 | | 4
| | | | | |

z z
z r

a a
- - + =

a a a

Þ 2 2 2 2
0 0 01 | | | | 4 | |z z z r+ a - a - a = a …(ii)

On subtracting equation (i) from (ii), we get
2 2 2 2 2

01 – | | | | (| | 1) (4 | | 1)z ra + a - = a -

or 2 2 2 2
0(| | 1)(| | 1) (4 | | 1)z ra - - = a -

Using 
2

2
0

2| |
2

rz +
= , we get

2
2 2 2(| | 1) (4 | | 1)

2
r ra - = a -

Þ 2 2| | 1 8 | | 2a - = a -   Þ  
1| |
7

a =

4. (d) Q Im (z) ¹  0
Þ z is non real

and equation ( )2 1 0z z a+ + - =
will have non real roots, if D < 0

Þ 1 – 4(1 – a) < 0  Þ  4a < 3  Þ
3
4

a <

\ a can not take the value
3
4

.

5. (a)  Given : z = x + iy, where x and y are integer

Also, 3 3 350+ =zz zz  Þ 2 2 2| | ( ) 350+ =z z z

Þ 2 2 2 2( ) ( ) 175x y x y+ - =

Þ 2 2 2 2( )( ) 25 7x y x y+ - = ´  ...(i)

or (x2 + y2) (x2 – y2) = 35 × 5  ...(ii)

Q x and y are integers,

\  2 2 25x y+ = and 2 2 7x y- =        [From eq (i)]

Þ 2 16x =  and 2 9y =

Þ 4x = ±  and 3y = ±

\ Vertices of rectangle are
(4, 3) , (4, – 3), (– 4, – 3) , (– 4, 3).

\ Area of rectangle = 8 × 6 = 48 sq. units
Now from eq. (ii),
      x2 + y2 = 35 and x2 – y2 = 5
Þ  x2 = 20, which is not possible for any integral value of x

6. (d) cos θ sin θ= +z i

Þ 2 1 2 1(cos θ sin θ)- -= +m mz i

            cos(2 1) sin(2 1)m i m= - q + - q

                 
By De Moivre's theorem :
(cos θ sin θ) cos θ sin θ

é ù
ê ú+ = +ë û

ni n i n

\ 2 1Im( ) sin (2 1)θ- = -mz m

\
15 15

2 1

1 1

Im( ) sin(2 1)θ-

= =

= -å åm

m m

z m

sinθ sin 3θ sin 5θ ...... upto15 terms= + + + +

2θsin 15 .sin[θ 14 θ]
2

sin θ

é ùæ ö + ´ç ÷ê úè øë û=

       

sin α sin(α β) sin(α 2β) .... terms
sin( β / 2).sin[α ( 1)β / 2]

sin(β / 2)

+ + + + +é ù
+ -ê ú=ê ú

ë û

Q n
n n

sin15θ.sin15θ sin 30 .sin 30
sin θ sin 2

° °
= =

°
 

1
4sin 2

=
°

7. (d) The initial position of point is Z0 = 1+ 2i
\  Z1 = (1 + 5) + (2 + 3) i = 6 + 5i

Now Z1 is moved through a distance of 2 units in the direction
ˆ ˆi j+ . (i.e. by 1 + i)

\  It becomes 1 1' (1 ) 7 6Z Z i i= + + = +

Now 1OZ ' is rotated through an angle 
2
p

 in anticlockwise

direction, therefore 2 1' 6 7Z iZ i= = - +

8. (d) Given : | z | = 1 and z ¹ ± 1

To find the locus of 21
z
z

w =
-

Now, 2 21
z z
z zz z

w = =
- -

2[ | | 1 | | 1]z z zz= Þ = =Q

1 purely imaginary number
z z

= =
-

\ w  must lie on y-axis.

9. (d) OP OA AP= +
uuur uuur uuur

Þ  OP OA OB= +
uuur uuur uuur

Þ   / 4 ( /2 / 4)3 4i iOP e ep p +p= +
uuur B

P z(
)2

4

4 A
z1

p/4
O

3
/ 4 / 2 / 43 4 .i i ie e ep p p= +

/ 4 / 43 4i ie iep p= + / 4 (3 4 ).ie ip= +

10. (b) Given that a, b, c are integers not all equal and w is cube
root of unity ¹  1,  then 2| |a b c+ w + w

1 3 1 3
2 2
i ia b c

æ ö æ ö- + - -
= + +ç ÷ ç ÷

è ø è ø



Complex Numbers and Quadratic Equations A87

2 3 3
2 2

a b c b ci
æ ö- - -æ ö= + ç ÷ç ÷

è ø è ø

2 21 (2 ) 3( )
2

a b c b c= - - + -

2 2 21[( ) ( ) ( ) ]
2

a b b c c a= - + - + -

R.H.S. will be minimum when a = b = c, but according to the
question, we cannot take a = b = c.
\ The minimum value is obtained when any two are zero and
third is a minimum magnitude integer i.e. 1.
\ b = c = 0, a = 1; gives us the minimum value 1.

11. (a) In the figure, we see that.
AB = AC = AD = 2
\ BCD is an arc of a circle with centre at A and radius 2. Shaded
region is exterior part of this sector ABCDA.
\ For any point represented by z on arc BCD we should have
| z – (– 1) | = 2
and for shaded region, | z + 1| > 2 ....(i)
For shaded region, we also have

/ 4 arg ( 1) / 4z-p < + < p

or | arg (z  + 1) | / 4< p ...(ii)
From (i) and (ii), we get (a)  is the correct option.

12. (b) 2 4(1 ) (1 )n n+ w = + w

2( ) (1 ) ( ) 1 3n n n n nÞ -w = + w = -w Þ w = Þ =

13. (a) Given that | z | = 1 
1and ( 1)
1

z z
z

-
w = ¹ -

+

Now we know that 2| |zz z=

Þ  1zz = (for  | z | = 1)

\ 
1 ( 1) 1 2
1 ( 1) 1 2 2

z z zz z z iy
z z zz z z x

- + + - -æ öw = ´ = =ç ÷
è + ø + + + + +

[ 1 and taking so thatz z z x i y= = +Q

          2 and 2 ]z z x z z i y+ = - =

Þ  Re ( ) 0w =

14. (b) Applying R1 ® R1 + R2 + R3, we get

2 2 2

2 2

1 1 0 3 0 0

1 1 1 1

1 4 1 4

- - w w = - - w w

w w w w

23[ 1 ] 3( )= -w - - w = w - w

15. (c) 1 3

2 3

1 3
2

z z i
z z

- -
=

-

Þ  1 3

2 3

1 3arg arg
2

z z i
z z

æ ö- -æ ö = ç ÷ç ÷- è øè ø

Þ  arg (cos( / 3) sin ( / 3)i- p + -p )

Þ  angle between (z1 – z3)  and  (z2– z3)  is 60°.

and  
1 3

2 3

1 3
2

z z i
z z

- -
=

-

Þ   1 3
1 3 2 3

2 3
1 | | | |

z z
z z z z

z z
-

= Þ - = -
-

        (Imp Step)

Þ  The D  with vertices z1, z2 and z3 is isosceles with vertical
angle 60°. Hence rest of the two angles should also be 60° each.
Þ   Required triangle is an equilateral triangle.

16. (d) Let 1/ 1/(1) (cos 2 sin 2 )n nz k i k= = p + p

2 2cos sin , 0, 1,2,....., 1.k kz i k n
n n

p p
= + = -

Let 1 1
1

2 2
cos sin

k k
z i

n n
p pæ ö æ ö= +ç ÷ ç ÷

è ø è ø

and 2 2
2

2 2
cos sin

k k
z i

n n
p pæ ö= +ç ÷

è ø
be the two values of z. Such that they subtend right angle at
origin.

1 2
1 2

2 2
4( )

2
p p p

\ - = ± Þ - = ±
k k

k k n
n n

As k1 and k2 are integers and k1 ¹ k2.

\ n = 4k, kÎ I

17. (c) 334 365 24 5( ) 3( ) 4 5 3E = + w + w = + w + w

21 2 3(1 ) 1 ( 1 3) 3i i= + w + + w + w = + - + =

18. (b) 7(1 )+ w = + wA B

Þ 2 7( )-w = + wA B          2( 1 0)+ w + w =Q

Þ 14- w = + wA B

Þ 2-w = + wA B                3( 1)w =Q

Þ 1+w = + wA B  Þ  A = 1, B = 1

19. (b) Let ABC be the D whose vertices are represented by complex
numbers a, b, c and PQR be the D with whose  vertices are
represented by complex numbers u, v, w.
Then c = (1– r) a + rb

A a( )

B b( ) C c( ) Q v( ) R w( )

P u( )

Þ c – a = r(b – a) Þ   
c a r
b a

-
=

-
....(i)

Þ w = (1– r) u + rv Þ  
w u r
v u

-
=

-
....(ii)
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From (i) and (ii),
c a w u
b a v u

- -
=

- -

and arg argc a w u
b a v u

- -æ ö æ ö=ç ÷ ç ÷- -è ø è ø

Þ andAC PR CAB RPQ
AB PQ

= Ð = Ð

Þ ~D DABC PQR
20. (b) If vertices of a parallelogram are z1, z2, z3, z4 then as diagonals

bisect each other

\  1 3 2 4
2 2
+ +

=
z z z z

 Þ  z1+ z3 = z2+ z4

21. (b) | w | = 1  Þ   
1

1
-

=
-
iz

z i

Þ |1– iz | = | z – i |
Þ | 1 – i (x + iy) | = | x + iy – i |
Þ | (y + 1) – ix | = | x + i (y – 1) |
Þ x2 + (y + 1)2 = x2 + (y – 1)2

Þ 4y = 0    Þ      y = 0  Þ  z lies on real axis
22. (d) | z – 4 | <  | z – 2 |

Þ | (x – 4) + iy | < | (x – 2) + iy |
Þ (x – 4) 2 + y2 < (x – 2)2 + y2

Þ – 8x + 16 < – 4x + 4     Þ   4x – 12 > 0
Þ x  > 3 Þ  Re (z) > 3

23. (b)
3 1 3

2 2 2 2
æ ö æ ö-

+ = - + = wç ÷ ç ÷è ø è ø
i ii i

23 1 3
2 2 2 2

æ ö-
- = - = wç ÷è ø

i ii i

\ 5 2 5 2( ) ( )= - w + w = - w + wz i i i i

   2( ) ( 3) 3= w - w = = -i i i
Þ Re(z) < 0 and Im(z) = 0

24. (a) Since, z = x + iy satisfies the equation 5 1
5

z i
z i

-
=

+
\  | x + iy – 5i | = | x + iy + 5i |
Þ | x + (y – 5) i | = | x + (y + 5) i |
Þ x2 + (y – 5)2 = x2 + (y + 5)2

Þ x2 + y2 – 10y + 25 = x2 + y2 + 10y + 25

Þ 20y = 0  Þ  y = 0

\ ‘a’ is the correct alternative.
25. (b) (x – 1)3  +  8 = 0

Þ (x – 1)3   = – 8 = (– 2)3

Þ x – 1 = – 2  or 22 or 2- w - w
                        

Q S R

P

Þ 21, 1 2 , 1 2= - - w - wx

26. (8) Let z = x + iy

z4 – |z|4 = 4iz2

Þ z4 – 2( )zz = 4iz2 Þ z2(z2 –
2

z- ) = 4iz2

Þ z = 0 or z2 – 
2( )z- = 4i

Þ 4ixy = 4i  Þ xy = 1

y'

x'
O

x

y

(1,1)

(–1,–1)
Locus of z is a rectangular

hyperbola xy =  1

Given that Re(z1) > 0 and Re(z2) < 0

\ 2 2
1 2 min| | (1 1) (1 1) 8z z- = + + + =

Þ 2
1 2 min| | 8z z- =

27. (3) a, b, c are distinct non-zero integers
Min. value of  |a + bw + cw2|2 is to be found |a + bw + cw2|2

= 

2
1 3 1 3

2 2
æ ö æ ö- + - -

+ +ç ÷ ç ÷
è ø è ø

i ia b c

= ( ) ( )
2

1 32
2 2

ia b c b c- - + -

= 2 21 3(2 ) ( )
4 4

- - + -a b c b c

= 
1
4

(4a2 + b2 + c2 – 4ab + 2bc – 4ac + 3b2 + 3c2 – 6bc)

= a2 + b2 + c2 – ab – bc – ca

= ( )2 2 21 ( ) ( )
2

a b b c c aé ù- + - + -ë û

For minimum value, let us consider a = 3, b = 2, c = 1

\ minimum value = 
1 6[1 1 4] 3
2 2

+ + = =

28. rth term of the given series
2 [( 1) – ]( 1) – ]r r r= + w + w

2 2 3 [( 1) – ( )( 1) ]= + w + w + + wr r r
2 [( 1) – ( 1)( 1) 1]= + - + +r r r

2 3 2 [( 3 3] 3 3= + + = + +r r r r r r

\ Sum of the given series 
( 1)

3 2

1
= (r 3 3 )

-

=
+ +å

n

r
r r

2 21 1= ( 1) 3. ( 1) ( ) (2 1)
4 6

- + - -n n n n n
1+3. ( 1)
2

-n n

1 1 3( 1) ( ) ( 1) (2 1)
4 2 2

é ù= - - + - +ê úë û
n n n n n

21 ( 1) [ 4 2 6]
4

= - - + - +n n n n n

21 ( 1) [ 3 4]
4

= - + +n n n n
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29. Let z1, z2,z3 be the vertices A, B and C respectively of equilateral
DABC, inscribed in a circle | z | = 2 with centre
(0, 0) and rasius = 2

B
z( )2

A z( )1

C
z( )3

O
2 /3p

2
/3p

Given 1 1 3z i= +
2
3

2 1

p

=
i

z e z

2 2cos sin (1 3)
3 3
p pæ ö= + +ç ÷è ø

i i

1 3 2
2

- -
= = -  and 4( /3)

3 1
iz e zp=

  

4 4
cos sin (1 3)

3 3
p pæ ö= + +ç ÷è øi i

  
1 3

(1 3)
2

æ ö- -
= +ç ÷è ø

i
i  

1 2 3 3
1 3

2
- - +

= = -
i

i

30. As D and m are represented by complex numbers (1 + i) and  (2
– i) respectively
\ D º  (1,1) and M º  (2, – 1)
We know that diagonals of rhombus bisect each other at right
angles.

\ AC passes through M and is ^  to BD
\ Eq. of AC in symmetric form can be written as

2 1
2 / 5 1/ 5

- +
= =

x y
r

Now for  pt.  A,  as
2 21 1

(2 1) ( 1 1) 5 / 2
2 2

= = - + - - =AM DM

On putting 5/2 , we getr = ±

    
2 1

5 /2
2 / 5 1/ 5

- +
= = ±

x y
Þ

11 2, 1
2

= ± + = ± -x y

Þ x = 3    or   
1 31, or

2 2
y - -

=

Therefore, point A is represented by 3 – i/2  or 1– (3/2)i
31. Distance between two points represented by z1 and z2

= 1 2|  |z z-

Since 1 2 , 1z a i z bi= + = +  and z3 = 0 form an equilateral

triangle, therefore 1 3 2 3 1 2–  – –z z z z z z= =

Þ | a + i | = | 1+ bi | = | ( a – 1) + i (1– b) |

Þ a2 + 1= 1+ b2 = (a – 1)2  + (1– b)2

Þ a2 = b2 = a2 + b2 – 2a – 2b + 1

Þ a = b ....(i)

(Q a ¹ – b because 0 < a, b < 1)

and b2 – 2a – 2b + 1= 0

Þ a2 – 2a – 2b + 1 = 0 ....(ii)

Þ a2 – 2a – 2a + 1= 0 (Qa = b)

Þ a2 – 4a + 1 = 0

\
4 2 3

2 3
2

a
±

= = ± . But  0 < a, b < 1

\ 2 – 3a =      Qb = a     \ 2 – 3b =

32. 2 2
1 2 1 2| | | |az bz bz az- + +

= 2
2 2 2 2 2 2

1 2 1 1| | | | 2 Re( ) | |+ - +a z b z ab z z b z

2
2 2

2 1| | 2 Re ( )+ +a z ab z z

2 2 2 2
1 2( ) (| | | | )a b z z= + +

33. (True) Q Cube roots of unity are 1, 
1 3 1 3

,
2 2

- + - -i

\ Vertices of triangle are

 
1 3 1 3(1,0), , , ,

2 2 2 2
æ ö æ ö- - -
ç ÷ ç ÷è ø è øA B C

Þ AB = BC = CA,    \  D is equilateral.

34. (False) If z1, z2, z3 are in A.P. then, 1 3
22

+
=

z z
z

Þ z2 is mid pt. of line joining z1 and z3.

Þ z1, z2, z3 lie on a st. line

\ Given statement is false
35. (True)

As | z1 | = | z2 | = | z3 |
\ z1, z2, z3 are equidistant from origin. Hence O is the
circumcentre of  DABC.
But DABC is equilateral and hence circumcentre and centriod of
D ABCcoincide.
\ Centriod of DABC = 0

B z( )2 C z( )3

A z( )1

Þ 1 2 3 0
3

+ +
=

z z z

Þ  1 2 3 0+ + =z z z
\ Statement is true.

36. (a, c, d) 
1z x iy

a ibt
= = +

+

Þ 2 2 2
a ibtx iy

a b t
-

+ =
+

 Þ 2 2 2
ax

a b t
=

+
, 2 2 2

bty
a b t

-
=

+

Þ 2 2
2 2 2

1 xx y
aa b t

+ = =
+

 Þ 
2 2 xx y 0

a
+ - =

\ Locus of z is a circle with centre 
1 ,0
2a

æ ö
ç ÷
è ø

 and radius 
1

2 a
irrespective of ‘a’ +ve or –ve
Also for b = 0, a ¹ 0, we get, y = 0
\ locus is x-axis
and for a = 0, b ¹ 0 we get x = 0
\ locus is y-axis.
Hence, a, c, d are the correct options.

37. (c, d) We have 
3 cos sin
2 6 6

iw i+ p p
= = +

Þ cos sin
6 6

n n nw ip p
= +

\ P contains all those points which lie on unit circle and have
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arguments 
2 3, ,

6 6 6
p p p

 and so on.

z2

1Rez
2

< - 1
Re z

2
>

z1

z2 z1

x
p/6

p/6

p/6

p/6O
x'

y

y'
Since, z1Î P Ç H1 and z2 Î P Ç H2, therefore z1 and z2 can have
possible positions as shown in the figure.

1 2
2 5z Oz can be or .
3 6
p p

\Ð

38. (d) We have 2 7 2 2 7(1 ) ( )+ w - w = -w - w

= 
7 2 7 14 2( 2) ( ) 128 128- w = - w = - w

39. (A) ® (q, r), B ® (p), C ® (p, s, t), D ® (q, r, s, t)

(A) (q, r)®

–z i z z i z= +

Þ z is equidistant from two points ( )0, z and

( )0, – z , which lie on imaginary axis.

\  z  must lie on real axis Im( ) 0Þ =z . Also ( ) 1mI z £
(B) ® p
Sum of distances of z from two points (–4, 0) and
(4, 0) is 10 which is greater than 8.
\ z traces an ellipse with 2a = 10 and 2 8=ae

4
5

eÞ =

(C) (p, s, t)®

Let 2(cos sin )iw = q + q , then

1 1– 2(cos sin ) (cos – sin )
2

z i i= w = q + q - q q
w

3 5cos sin
2 2

x iy iÞ + = q + q

Here,  
9 25 34 3

4 4
+

= = £z  and | ( ) | 2eR z £

Also
3 5cos , sin
2 2

x y= q = q  
2 24 4

1
9 25

Þ + =
x y

Which is an ellipse with
9 41–
25 5

= =e

(D) (q, r, s, t)®

Let cos siniw = q + q  then 2cos Im 0z z= q Þ =

Also 3£z  and  | Im( ) | 1, | R ( ) | 2ez z£ £
40. (A) ® (q), (B) ® (p)

Given : z ¹ 0        Let z = a + ib
Re (z) = 0 Þ z = ib Þ z2 = – b2

\ Im (z)2 = 0
\ (A) corresponds to (q)

Arg 
4

z p
=  Þ a = b Þ z = a + ia

Þ z2 = a2 – a2 + 2ia2  Þ z2 = 2ia2 Þ Re (z)2 = 0
\ (B) corresponds to (p).

41. The given circle is z 1 2- = , where z0=1 is the centre and

2  is radius of circle. z1 is one of the vertex of square inscribed
in the given circle.

Z3

Z4

Z0

Z2

Z1
2+ 3iÖ

x

y

x'

y'
Clearly z2 can be obtained by rotating z1 by  an  angle  90°  in
anticlockwise direction, about centre z0

Thus, z2 –  z0 = (z1 – z0) /2ie p

or 2 1 (2 3 1)z i i- = + -  Þ  2 3 1z i= - +

2 (1 3)z i= - +
Again rotating z2 by 90° about z0, we get

z3 – z0 = (z2 – z0) i

Þ 3 1 [(1 3) 1] 3 1z i i i- = - + - = - -

Þ 3 3z i= -

And similarly 1 ( 3 1) 3i i i= - - = -

Þ 4 ( 3 1)= + -z i
Hence, remaining vertices are

(1 3) , 3, ( 3 1)i i i- + - + -

42. Given : z k
z

- a
=

-b
 Þ | | | |z k z- a = -b

B ( )b
P' Pk 1

A
( )a

Let pt. A represents complex number a and B that of  b, and P
represents z. then | z – a | = k | z – b |

Þ z  is the complex number whose distance from A is k times
its distance from B.
i.e. PA = k  PB
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Þ P divides AB in the ratio k : 1 internally or externally (at P').

Then
1

kP
k
b + aæ ö= ç ÷

+è ø
 and  '

1
kP
k
b - aæ ö=ç ÷

-è ø
Now through PP' a number of circles can pass, but with given
data we can find radius and centre of that circle for which PP' is
diameter.

\ Centre = mid. point of PP' 1 1
2

k k
k k
b + a b - aæ ö+ç ÷+ -= ç ÷è ø

2 2

22( 1)
k k k k k k

k
b + a - b - a + b - a + b - a

=
-

2 2

2 21 1
k k
k k

b - a a - b
= =

- -
. Also radius 1

| ' |
2

PP=

1
2 1 1

k k
k k
b + a b - a

= -
+ -

2 2

2
1
2 1

k k k k k k
k

b + a - b - a - b + a - b + a
=

-
 2

| |
| 1 |
k

k
a - b

=
-

43. Let us consider, 
1

1 where | | 2
n

r
r r

r
a z a

=
= <å

Þ a1 z + a2z
2 + a3z

3 + ... + anz
n = 1

Þ | a1z + a2z
2 + a3z

3 + ... + anz
n | = 1 ....(i)

But we know that 1 2 1 2| | | | | |z z z z+ £ +
\ Using its generalised form, we get

| a1 z + a2 z
2  + a3 z

3 + ... + an z
n |

£  | a1 z | + | a2 z
2 | + ... + | an z

n |
Þ 1 £  | a1| | z | + | a2 | |z

2 | + | a3 | | z
3
 | + ... + | an | |z

n |
      [using eqn (i)]

But given that | | 2 1,...,ra r n< " =

\ 2 31< 2 [ |  | + |  | + |  | + ... + |  | ]nz z z z
[Q  | zn | = | z |n ]

Þ  |  | (1– |  | )1< 2 
1– |  |

nz z
z

é ù
ê ú
ë û

 Þ  
+1 |  | – |  |

2  1
1– |  |

nz z
z

é ù
>ê ú

ë û
Þ 2 [ | z | – | z |n+1]  > 1– | z |      (Q  1– | z | > 0 as | z | < 1/3)

Þ 1 1 1
[| | | | ] | |

2 2
nz z z+- > -

Þ 13 1| | | |
2 2

nz z +> +

Þ 11 2
| | | |

3 3
nz z +> +  Þ  

1
| |

3
z >

which is a contradiction as given that 
1| |
3

z <

\ There exist no such complex number.
44. The given equation can be written as

(z p –1) (z q – 1) = 0
\ z = (1)1/p        or         (1)1/q ....(i)
where p and q are distinct prime numbers.
Hence both the equations will have distinct roots and as
z ¹ 1, both will not be simultaneously zero for any value of z
given by equations in (i)

Also 2 1 11 ... 0 ( 1)
1

p
p- - a

+ a + a + + a = = a ¹
- a

or 2 11 ... 0 ( 1)
1

q
p - a

+ a + a + + a = = a ¹
- a

Because of (i) either ap =  1  and  if  aq = 1 but not both
simultaneously as p and q are distinct primes.

45. | z |2 w – | w |2 z = z – w ..... (i)
zz z zw - ww = - w

Þ ( ) .z z zw - w = - w

Taking modulus, ·z z zw - w = - w

.z z zw - w = - w

Þ ( )1 0z z- w w - =

If 0z - w =  then 0 .z z- w = \ = w

If 1 0zw - =  then 11z z rw = \ = =
w

(say)

Let 
1,i iz re er

q f= w =

From (i) 2
2

1 1 1( )i i i ir e re re err r
f q q fæ ö - = -ç ÷

è ø

\
1 1i ir e r er r

f qæ ö æ ö+ = +ç ÷ ç ÷
è ø è ø

i ie ef q= Þ q = f

\
1( ) 1i iz re er

q - qæ öw = =ç ÷
è ø

 \ or 1z z= w w =

46. z2 + pz + q = 0
z1+ z2= –  p,  z1z2 = q
By rotation through a in anticlockwise direction,
z2 = z1 e

ia

2

1

cos sin
1 1

iz e i
z

a a + a
= =

Add 1 in both sides to get z1 + z2 = – p

\ 1 2

1

1 cos sin
1

z z i
z
+ + a + a

=  =  2cos cos sin
2 2 2

ia a aé ù+ê úë û

Þ  ( )2 1 / 2

1
2 cos

2
iz z

e
z

a+ a
=

On squaring, 2 2 2
2 1 1( ) 4cos ( / 2) . iz z z e a+ = a

= 4 cos2 2 22
1 1 2

1
. 4 cos

2 2
z

z z z
z

a a
=

Þ p2 = 4q  cos2 
2
a

47. Let z = x + iy then 2z iz=
Þ x – iy = i(x2 – y2 + 2ixy)
Þ x – iy = i(x2 – y2) – 2xy
Þ x (1 + 2y) = 0 ; x2 – y2 + y = 0

Þ x = 0 or y = –
1
2

   Þ  x = 0,  y = 0,  1

or
1 3

,
2 2

y x= - = ±
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For non zero complex number  z,

3 1 3 1
0, 1; , ; ,

2 2 2 2
x y x y x y

-
= = = = - = = -

\
3 3

, ,
2 2 2 2

i i
z i= - - -

48. Let z = r1(cos q1+ i sin q1) and w = r2(cos q2 + i sin q2)
We have, |z| = r1, |w| = r2, arg (z) = q1 and arg (w) = q2
Given, |z| £ 1, |w| < 1
Þ r1 £ 1 and r2 £ 1

Now, z – w = (r1 cos q1– r2 cos q2) + i (r1sin q1 – r2 sin q2)

Þ |z – w|2 = (r1 cos q1– r2 cos q2)
2 + (r1sin q1 – r2 sin q2)

2

= r1
2

 cos2 q1+ r2
2 cos2 q2 – 2r1r2 cos q1 cos q2

+ r1
2
 sin2 q1+ r2

2 sin2 q2 – 2r1r2 sin q1 sin q2

= r1
2

 (cos2 q1+ sin2 q1) + r2
2 (cos2 q2 + sin2 q2)

– 2r1r2 (cos q1 cos q2 + sin q1 sin q2
 )

= r1
2

 + r2
2 – 2r1r2 cos (q1 – q2)

= (r1 – r2)
2 + 2r1r2 [1 – cos (q1 – q2)]

= ( )2 2 1 2
1 2 1 24 sin

2
r r r r

q - qæ ö- + ç ÷è ø

2
2 1 2

1 2 4 sin
2

r r q - qæ ö£ - + ç ÷
è ø

[Q  r1, r2 £ 1]

and |sin q| £ |q|, " q Î R

Therefore, |z – w|2 £ |r1 – r2|
2 + 

2
1 24

2
q - q

£ |r1 – r2|
2 + |q1 – q2|

2

Þ |z – w|2 £ (|z| – |w|)2 + (arg z – arg w)2

49. Dividing through out by i and knowing that 
1 , we geti
i

= -

z3 – iz2 + iz + 1= 0
Þ z2(z – i) + i (z – i) = 0     as   1= – i2
Þ  (z – i) (z2 + i) = 0 \ z = i    or     z2 = – i
\ | z | = | i | = 1 or | z2 | = | z |2  = | – i | = 1 Þ  | z | =1
Hence, in either case | z | = 1

50. 1, a1, a2, ...., an –  1 are the n roots of unity. Therefore they are
roots of eq. xn – 1 = 0
Therefore by factor theorem,
xn – 1 = (x – 1) (x – a1) (x – a2) ....(x – an – 1) ....(i)

 Þ 1 2 1
– 1 ( ) ( )....( )

– 1

n

n
x x a x a x a
x -= - - - ....(ii)

On differentiating both sides of eq. (i), we get
nxn – 1 = (x – a1) (x – a2) ... (x – an – 1) + (x – 1) (x – a2)
....(x – an – 1) +....+ (x – 1) (x – a 1) ... (x – an – 2)
For x = 1, we get n = (1– a1) (1– a2) .... (1 – an – 1)
[Since the terms except first, contain (x – 1) and hence become
zero for x = 1]

51. We know that if z1, z2, z3   are vertices of an equilateral triangle,
then

3 11 2

3 2 2 1

z zz z
z z z z

--
=

- -

Here z3 = 0,

\  1 2 1

2 2 1

z z z
z z z
- -

=
- -

    

Z1

Z2 Z3

Þ 2 2
1 2 1 2 1 22 ,z z z z z z- - + =   \  2 2

1 2 1 2 0.z z z z+ - =

52.

60°

y

x
A a(– ,0) B a( ,0)O

C a(0, 3)Ö

x'

y'

Let  us consider the equilateral triangle with each side of length
2a and having two of its vertices A(–a,0) and
B (a, 0) on x-axis, then third vertex C will clearly lie on
y-axis such that 2 sin 60 3OC a a= ° = , \ C = (0, 3).a

Now if A, B and C are represented by complex number z1, z2, z3
then 1 2 3; ; 3z a z a z a i= - = =

Since in an equilateral triangle, centriod and circumcentre coincide,

\  Circumcentre, 1 2 3
0 3

z z z
z

+ +
=

Þ 0
3

3 3
a a a i iaz - + +

= =

Now, 2 2 2 2 2 2 2
1 2 3 3z z z a a a a+ + = + - = -

and  2 2 2
03 ( )z ia a= = -

\  Clearly 2 2 2 2
0 1 2 33z z z z= + +

53. Since, b and g are the complex cube roots of unity therefore, we
can suppose b = w and g = w2 so that w + w2 + 1= 0 and w3 =1.

Then xyz = (a + b) (aw2 + bw) (aw + bw2)

= (a + b) (a2w3 + abw4 + abw2 + b2w3)

= (a + b) (a2 + abw + abw2 + b2) (using w3 = 1)

= (a + b) (a2 + ab(w + w2 ) + b2)

= (a + b) (a2 – ab + b2 ) = a3 + b3

Topic-3: Solutions of Quadratic Equations, Sum 
and Product of Roots, Nature of Roots, Relation 

Between Roots and Co-efficients, Formation 
of an Equation with Given Roots

1. (d) Consider the quadratic polynomials in the form of equation
x2 + 20x – 2020 = 0 ...(i)
x2 – 20x + 2020 = 0 ...(ii)
Since, a and b are roots of the equation(i), then
a + b = –20, ab = –2020
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Q c and d are the roots of the equation (ii), then
c + d = 20, cd = 2020
Now,
ac (a – c) + ad (a – d) + bc (b – c) + bd (b – d)
= a2c – ac2 + a2d – ad2 + b2c – bc2 + b2d – bd 2

= a2(c + d) + b2(c + d) – c2 (a + b) – d 2 (a + b)
= (c + d) (a2 + b2) – (a + b) (c2 + d 2)
= (c + d) ((a + b)2 – 2ab) – (a + b) ((c + d)2 – 2cd)
= 20 [(20)2 + 4040] + 20 [(20)2 – 4040]
= 20 × 800 = 16000

2. (c) x2 – 2x sec q + 1 = 0 Þ x = sec q ± tan q
and x2 + 2x tan q – 1 = 0 Þ x = –tan q ± sec q

Q  
6 12
p p

- < q < -

Þ sec sec sec
6 12
p p

> q >

and 
tan

tan tan
6 12
p p

- < q < -

Also tan tan tan
12 6
p p

< - q <

Since, a1,b1 are roots of x2 – 2x sec q + 1 = 0
and a1> b1
\ a1 = sec q – tan q and b1 = sec q + tan q
Since, a2, b2  are roots of x2 + 2x tan q – 1 = 0
and a2 > b2
\ a2 = -tan q + sec q, b2 = – tan q – sec q
\ a1 + b2 = sec q – tan q – tan q – sec q = – 2tan q

3. (d) Quadratic equation with real coefficients and purely
imaginary roots can be considered as
p(x) = x2 + a = 0 where a > 0 and a RÎ

The p[p(x)] = 0 Þ (x2 + a)2 + a = 0

Þ x4 + 2ax2 + (a2 + a) = 0

Þ 
2 2

2 2 4 4 4
2

a a a ax - ± - -
=

Þ 2x a a i= - ±

Þ x a a i i= - ± = a ± b , where , 0a b ¹
\ p[p(x)] = 0, has complex roots which are neither purely real
nor purely imaginary.

4. (c) Consider –3(x – [x])2 + 2 [x – [x]) + a2 = 0
Þ 3{x}2 – 2{x} –a2 = 0   (Q x – [x] = {x})

Þ 2 223 { } { } , 0
3

æ ö- = ¹ç ÷
è ø

x x a a

Þ
2

2 1 13 { } –
3 3

a xæ ö= -ç ÷
è ø

     (Q 0 £ {x} < 1)

1 1 2{ } –
3 3 3

x-
£ < ; 

–1 40 3 { }
3 3

xæ ö£ <ç ÷
è ø

1 –1 1– 3 { } 1
3 3 3

æ ö£ - <ç ÷
è ø

x

 For non-integral solution 0 < a2 < 1
Þ a Î (–1, 0) È (0, 1)

5. (c) Qa, b are the roots of x2 – 6x – 2 = 0

\ a2 – 6a – 2 = 0

Þ a10 – 6a9– 2a8 = 0

Þ a10 – 2a8 = 6a9 ...(i)

Similarly b10 – 2b8  = 6b9 ...(ii)

On subtracting (ii) from (i),

a10 – b10 – 2 (a8– b8) = 6 (a9– b9)

Þ a10 – 2a8 = 6a9   Þ 
10 8

9

2
3

2
a a

a
-

=

6. (c) Given : (2x)ln2 = (3y)ln3

Þ ln2. ln2x = ln3. ln3y
Þ ln2. ln2x = ln3. (ln3 + lny) ...(i)
Also given : 3lnx = 2lny

Þ lnx. ln3 = lny. ln2 Þ lny = 
. 3
2

nx n
n

l l
l ...(ii)

From equation (i) and (ii), we get

ln2. ln2x = ln3 
. 33
2

nx nn
n

é ù+ê úë û

l l
l

l
Þ (ln2)2 ln2x = (ln3)2 ln2 + (ln3)2 lnx
Þ (ln2)2  ln2x = (ln3)2 (ln2 + lnx)
Þ (ln2)2  ln2x – (ln3)2  ln2x = 0
Þ [(ln2)2 – (ln3)2] ln2x = 0  Þ ln2x = 0

Þ 2x = 1  Þ  x = 
1
2

7. (b) Given :α β –+ = p and 3 3α β+ = q

Þ 3(α β) – 3αβ (α β)+ + = q

Þ 3– – 3αβ (– ) =p p q  
3

3
p q

p
+

Þ =ab

Now for required quadratic equation,

Sum of roots 
2 2α β α β

β α αβ
+

= + =

3
2

2

3

– 2
3(α β) – 2αβ

αβ
3

æ ö+
ç ÷è ø+

= =
+

p qp
p

p q
p

 
3

3
– 2p q

p q
=

+

and Product of roots
α β

. 1
β α

= =

\  Required equation is  
3

2
3
– 2– 1 0p qx x

p q

æ ö
+ =ç ÷+è ø

Þ 3 2 3 3( ) – ( – 2 ) ( ) 0p q x p q x p q+ + + =

8. (d) Since a and b are the roots of  x2 – px + r = 0
\ a + b = p ....(i)
and ab = r ....(ii)
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Also   and 2
2
a

b  are the roots of  x2 – qx + r = 0

\ 2
2
a

+ b = q   Þ   a + 4b = 2q ....(iii)

Solving (i) and (iii) for a and b ,we get

1 (2 )
3

q pb = -   and  
2 (2 )
3

q qa = -

On substituting the values of a and b, in equation (ii),

we get     
2 (2 )(2 ) .
9

p q q p r- - =

9. (a) Q  a, b, c are sides of a triangle and a b c¹ ¹

\ 2 2 22a b c a b ab c- < Þ + - < ....(i)

Similarly,

2 2 22b c bc a+ - <  ....(ii) ; 2 2 22c a ca b+ - < ....(iii)

On adding, (i), (ii) and (iii) we get
2 2 2 2( )a b c ab bc ca+ + < + +

Þ
2 2 2

2a b c
a b bc ca

+ +
<

+ +
....(iv)

Q Roots of the given equation are real
\ 2( ) 3 ( ) 0a b c ab bc ca+ + - l + + ³

Þ
2 2 2

3 2a b c
ab bc ca

+ +
³ l -

+ +
....(v)

From (iv) and (v), 
43 2 2 .
3

l - < Þ l <

10. (a) 2 0x px q+ + =
Let roots be a and a2, then

2 2 1/3,p q qa + a = - aa = Þ a =

\ 1/3 1/ 3 2( ) ( )q q p+ = -
On taking cube on both sides, we get

2 1/ 3 2 /3 33 ( )q q q q q p+ + + = -

Þ 2 33q q pq p+ - = - Þ 3 2 (3 1) 0p q q p+ - - =
11. (c) Let a, a2 be the roots of  3x2 + px + 3 = 0

\ a + a2 = – p / 3 and a3 = 1
Þ (a – 1) (a2 + a + 1) = 0  Þ  a =1 or  a2 + a  = – 1
If a = 1, then p = – 6, which is not possible as p > 0
If a2 + a = –1  Þ  – p / 3= –1 Þ  p = 3.

12. (d) Given : ( x – a) (x – b) – 1 = 0, b > a.
or x2 – (a + b) x + (ab –1) = 0
Let  f(x) = x2 – (a + b) x + (ab – 1)
D = (a + b)2 – 4(ab – 1)
     = (a – b)2 + 1 > 0
Since coeff. of x2 i.e. 1 > 0, \ f(x) represents upward parabola,
intersecting x-axis at two points corresponding to two real roots,
D being +ve. Also f (a) = f (b) = – 1
Þ  curve is below x-axis at a and b
\ a and b both lie between the roots.

Therefore, the graph of given equation is as shown.

a aO

Y

Xb bX'

Y'
It is clear from graph, that one root of the equation lies in (– ¥ ,
a) and other in (b, ¥ ).

13. (b) Given :  c < 0 < b   and a + b = – b ....(i)
ab = c ....(ii)
From (ii), c < 0 Þ ab < 0 Þ  Either a is  -ve or b is - ve  and
second quantity is positive.
From (i), b > 0 Þ  – b < 0  Þ  a + b < 0
Þ the sum is negative
Þ (Modules of nengative quantity) > (Modulus of positive
quantity)
But given a < b. Therefore, it is clear that a is negative and b is
positive and modulus of a is greater than modulus of b

Þ 0 | |a < < b < a

14. (a) If both roots of a quadratic equation ax2 + bx + c = 0 are less
than k, then
af(k) > 0, D ³ 0, a + b < 2 k.

a b 3f(x) = x2 – 2ax + a2 + a – 3 = 0,

f(3) > 0, a + b < 6, 0.D ³

Þ a2 – 5a + 6 > 0, a < 3, – 4a + 12 ³ 0

Þ a < 2 or a > 3, a < 3, a < 3  Þ a < 2.
15. (c) For the equation px2 + qx + 1 = 0 to have real roots

0D ³  Þ 2 4q p³

If  p = 1 then  2 4q ³ Þ  q = 2, 3, 4

If  p = 2 then  2 8q ³ Þ  q = 3, 4

If  p = 3 then  2 12q ³ Þ  q =4

If  p = 4 then  2 16q ³ Þ  q = 4
\ Number of required equations = 7

16. (c) a, b are roots of the equation (x – a) (x – b) = c, c ¹ 0
\ (x – a) (x – b) – c = (x – a)(x – b)
Þ (x – a) (x – b) + c = (x – a)(x – b)
Þ Roots of (x – a) (x – b) + c = 0 are a and b.

17. (d) If f (a) and f (b) are of opposite signs then there must lie a
value g  between a and b such that f ( g ) = 0.

a, b, c are real numbers and 0.a ¹
Since a is a root of a2x2 + bx + c = 0
\  a2a2 + b a + c = 0 ....(i)
Also b is a root of a2x2 – bx – c = 0
\  a2b2 – bb –  c = 0 .... (ii)
Now, let f (x) = a2x2 + 2bx + 2c
Then f (a) = a2a2  + 2b a + 2c = a2a2 + 2(b a + c)
= a2a2 + 2(– a2a2) [using eq. (i)]
= – a2a2.
and f (b) = a2b2 + 2bb + 2c = a2b2 + 2(bb + c)
= a2b2 + 2(a2b2) [using eq. (ii)]
= 3a2b2 > 0.
Since f (a) and f (b)  are  of  opposite  signs  and g is a root of
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equation f (x) = 0
\ g  must lie between a and b
Þ a < g < b.

18. (a) Given : 
2 21

1 1
x

x x
- = -

- -
Clearly 1x ¹  for the given equation to be defined. If

x ¹ 1, we can cancel the common term 
2
1x

-
-

 on both sides to

get x = 1, but it is not possible. So given equation has no roots.
19. (c) Since, (x2 + px + 1) is a factor of ax3 + bx + c, hence we can

assume that zeros of  x2 + px + 1 are a, b and that of ax3 + bx +
c be a, b, g
\ a + b = – p .... (i)
a b = 1 .... (ii)
and  a + b + g = 0 .... (iii)

ab + bg + ga = 
b
a .... (iv)

a bg = 
c

a
-

.... (v)

On solving (ii) and (v), we get g = – c / a.
On solving (i) and (iii), we get g = p
\ p = g = – c / a
Using equations (i) , (ii) and (iv), we get

1 + g (– p) = 
b
a

Þ 1 c c b
a a a

æ öæ ö+ - =ç ÷ç ÷
è øè ø

               (Q  g = p = – c / a)

Þ
2

2
1 c b

aa
- =   Þ 2 2– =a c ab

20. (b) Given :

( )( ) ( )( ) ( )( ) 0x b x c x a x c x a x b- - + - - + - - =

Þ 23 2( ) ( ) 0x a b c x ab bc ca- + + + + + =
D = 4(a + b + c)2 – 12(ab + bc + ca)

2 2 24[ ]a b c ab bc ca= + + - - -

2 2 22[( ) ( ) ( ) ] 0a b b c c a= - + - + - ³  " a, b, c
\ Roots of given equation are always real.

21. (c) l, m, n are real, l ¹ m

Given : 2( ) 5( ) 2( ) 0m x m x m- - + - - =l l l

2 225( ) 8( ) 0, ,D m m m R= + + - > Îl l l

\ Roots are real and unequal.
22. (1) Taking log with base 5 on the both sides

(16(log5x)3 – 68 (log5x)) (log5x) = – 16
Let (log5x) = t
16t4 – 68t2 + 16 = 0
Þ 4t4 – 16t2 – t2 + 4 = 0
Þ (4t2 – 1) (t2 – 4) = 0

or 1 , 2
2

t = ± ±

So 5
1log , or 2
2

x = ± ± Þ
1 –1

2 –22 25 , 5 , 5 , 5x =

Product 
1 –1

2 –22 25 .5 .5 . 5 1= =

23. (4)
+ –

–

+–

–1 0 1
3x2 + x – 1 = 4 | x2 – 1|
Case 1: If x Î [–1, 1],

3x2 + x – 1 = –4x2 + 4
Þ 7x2 + x – 5 = 0 Q D = 141 > 0 \ Equation has two roots
Case 2: If x Î (–¥, –1] È [1, ¥)
3x2 + x – 1 =  4x2 – 4
Þ x2 – x – 3 = 0 Q D = 13 > 0
\ Equation has two roots
So, total 4 roots.

24. (2) The given equation is
2 28 16( 1) 0- + - + =x kx k k

Q Both the roots are real and distinct.

\ D > 0   Þ  2 2(8 ) 4 16( 1) 0- ´ - + >k k k
Þ k > 1 ...(i)
Q  Both the roots are greater than or equal to 4
\ 8 and (4) 0a + b > ³f
Þ k > 1 ...(ii)

and 216 32 16( 1) 0k k k- + - + ³

Þ 2 3 2 0- + ³k k Þ ( 1)( 2) 0k k- - ³

Þ ( ,1] [2, )Î -¥ È ¥k   ...(iii)

Combining (i), (ii) and (iii), we get 2³k
\ Smallest value of k = 2.

25. The given equation : 2 23 2 1 0ln kx kx e- + - =

Þ  2 23 (2 1) 0x kx k- + - =
Now, product of roots = 2k2 –1

\ 2 22k 1 7 k 4- = Þ =    k 2, –2Þ =

For real roots, 0D ³
2 2 29 – 4(2 1) 0 4 0k k kÞ - ³ Þ + ³ ,

which is true for all k. Thus k = 2, – 2
But for k = –2,  ln k is not defined
We reject k = –2, we get k = 2.

26. Since, p and q are real and one root is 2 + i 3, therefore other
root should be 2 – i 3
\ p = – (sum of roots) = – 4, q = product of roots = 4 + 3 = 7

27. (True)  f(x) = (x – a) (x – c) + 2 (x – b) (x – d).
f (a) = + ve; f (b) = – ve ; f(c) = – ve ;  f (d) = + ve
\ There exists two real and distinct roots one in the interval
(a, b) and other in (c, d). True

28. (False) 22 3 1 0 1, 1/ 2x x x+ + = Þ = - - ; both are rationals

\ Statement is  false.
29. (b,c,d) Given that ax2 + 2bxy + cy2 > 0

and y, x Î ¡  – {0}
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2
2 0 0,D 0y yc b a c

x x
æ ö æ öÞ + + > Þ > <ç ÷ ç ÷
è ø è ø

4b2 – 4ac < 0 Þ b2 < ac

(a)
72, ,6
2

æ ö
ç ÷
è ø

27 2 6
2

æ ö > ´ç ÷
è ø
\ Option (a) is incorrect

(b) If 
13, , S

12
bæ öÎç ÷

è ø

2 2 21 13. 4 1
12 4

b b bÞ < Þ < Þ <

Þ |2b| < 1 obtion (b) is correct
(c) ax + by = 1

bx + cy = – 1

D = 
2 0

a b
ac b

b c
= - ¹

\ unique solution option (c) is correct.
(d) (a + 1) x + by = 0

bx + (c + 1) y = 0

D = 
( 1)

( 1)
a b

b c
+

+

= (a + 1) (c + 1) – b2 = ac – b2 + a + c + 1
Since ac – b2 > 0
Þ b2 < ac Þ ac is + ve
Þ a and c are positive then (ac – b2) + a + c + 1 > 0
\ unique solution
\ ooption (d) is correct

30. (a, b, c)
3x = 4x–1 Þ  xlog 3 = 2(x – 1)log2

2 log 2x
2 log 2 log3

Þ =
-

3

3 2

2log 2 2x
2log 2 –1 2 log 3

Þ = =
-

Also 
42

1 1
1 1 log 31 log 3
2

x = =
--

31. (b) a2 = a + 1
b2 = b + 1
an = pan + qbn

= p(an – 1 + an – 2) + q(bn – 1 + bn – 2)
= an – 1 + an – 2

        \ a12 = a11 + a10

32. (d)
1 5 1 5,

2 2
+ -

a = b =

a4 = a3 + a2

     = 2a2 + a1
       = 3a1 + 2a0
28 = p (3a + 2) + q(3b + 2)

28 = 
3 3 5( ) 2 ( )
2 2

p q p q
æ öæ ö+ + + - ç ÷ç ÷ ç ÷è ø è ø

\ p – q = 0  and 
7( ) 28
2

p q+ ´ =

Þ p + q = 8 Þ p = q = 4
\ p + 2q = 12

33. (b) As a, b, c, p, q, Î R and the two given equations have
exactly one common root
Þ Either both equations have real roots
or both eqations have imaginary roots
Þ Either 1 20 and 0D D³ ³  or  1 20 and 0D D£ £

Þ 2 0p q- ³ and 2 0b ac- ³

or 2 0p q- £ and 2 0b ac- £

 Þ 2 2( )( ) 0p q b ac- - ³
\Statement 1 is true.

Also we have qab =  and 
c
a

a
=

b

\ /
q

a
c

ab
= ´

a b
Þ 2 qa

c
b =

As β 1¹  or –1 Þ 2β 1¹  Þ 1
qa
c

¹  or c q a¹

Again, as exactly one root α is common, and β 1¹

\
1

α β α
β

+ ¹ +  Þ 2 2b p
a

-
¹ - Þ b ap¹

\Statement 2 is correct.
But  Statement 2 is not a correct explanation of Statement 1.

34. Roots of   x2 – 10cx – 11d = 0 are a and b
Þ a + b = 10c and ab = – 11d
Similarly c and d  are the roots of x2 – 10ax – 11b =  0
Þ  c + d = 10a and cd = – 11b
Þ a + b + c + d = 10 (a + c) and abcd = 121 bd
Þ b + d = 9(a + c) and ac = 121
Also we have a2 – 10 ac – 11d = 0 and c2 – 10ac – 11b = 0
Þ a2 + c2 – 20ac – 11 (b + d) = 0
Þ (a + c)2 – 22 × 121 – 99 (a + c) = 0
Þ a + c = 121 or – 22
For a + c = – 22, we get a = c
\ Rejecting this value we have a + c = 121
\ a + b + c + d =10 (a + c) = 1210

35. Given :
x2 + (a – b) x + (1– a – b) = 0, a, b Î R
For this equation to have unequal real roots for all value of b
if D > 0
Þ (a – b)2 – 4 (1– a – b) > 0
Þ a2 + b2 – 2ab – 4 + 4a + 4b > 0
Þ b2  + b (4 – 2a) + a2 + 4a – 4 > 0
Which is a quadratic expression in b, and it will be true for all

,b RÎ  if discriminant of above equation is less than zero.
i.e., ( 4 –2a)2  – 4 (a2 + 4a – 4) < 0
Þ      (2 – a)2 – (a2 + 4a – 4) < 0
Þ   4 – 4a + a2 – a2 – 4a + a < 0
Þ   – 8a + 8 <  0, \  a > 1
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36. We know 2 2( ) [( ) ( )]a - b = a + d - b + d

Þ 2 2( ) 4 ( )a + b - ab = a + d + b + d 4( )( )- a + d b + d

Þ
2 2

2 2
4 4b c B C
a Aa A

- = -  Þ
2 2

2 2
4 4ac b AC B

a A
- -

=

Here , ,b c
a a

é a + b = - ab =êë

( ) ( )a + d b + d  and( ) ( )
B C
A A

ù= - a + d b + d = úû
37. Given : For a, b, c Î  R, ax2 + bx + c = 0 has two real roots a and

b, where a < – 1 and b > 1. There may be two cases depending
upon the value of a, as shown below.
In each of cases (i) and (ii) af (–1) < 0 and af (1) < 0
(i) If a > 0

–1 1

y ax bx c= + +2

(ii) If a < 0

Þ a (a – b + c) < 0 and a (a + b + c) < 0
Dividing by a2 (> 0), we get

1 0b c
a a

- + < ....(i)

and 1 0b c
a a

+ + < ....(ii)

On combining (i) and (ii) we get

1 0b c
a a

+ + <   or  1 0
c b
a a

+ + <

38. Given :
| x2 + 4x + 3  | + 2x + 5 = 0
Here two cases are possible.

Case I :  2 4 3 0x x+ + ³  Þ  ( 1) ( 3) 0x x+ + ³

Þ ( , 3] [ 1, )x Î -¥ - È - ¥ ....(i)

Then the given equation becomes,

Þ 2 6 8 0x x+ + =

Þ ( 4)( 2) 0x x+ + = ,   \   x  = – 4, – 2

But x = – 2 does not satisfy (i) and hence rejected.

\ Solution is x = – 4
Case II :   x2 + 4x + 3 < 0

Þ (x + 1) (x + 3) < 0

Þ  xÎ (– 3, – 1) ....(ii)

Then the given equation becomes,
– (x2 + 4x + 3) + 2x + 5 = 0

Þ  – x2 – 2x + 2 = 0 Þ  x2 + 2x – 2 = 0

Þ   
2 4 8

2
x

- ± +
=  \ 1 3, 1 3x = - + - -

But 1 3x = - +  does not satisfy (ii) and hence rejected.

\ Solution is    x = – 1 – 3
On combining solution in the two cases, we get the solutions : x
= – 4, – 1– 3 .

39. Given :
x2 – 2a | x – a | – 3a2 = 0 .... (i)
Here two cases are possible.
Case I : x – a > 0, then | x – a | = x – a
Hence, Eq. (i) becomes

x2 – 2a (x – a) – 3a2 = 0

Þ x2 – 2ax – a2 = 0 Þ  
2 22a 4a 4

x = 
2

a± +

\ 2x a a= ±
Case II : x – a < 0,  then | x – a | = – (x – a)
Hence, Eq. (i) becomes

x2 + 2a (x – a) – 3a2 = 0

Þ x2 + 2ax – 5a2 = 0  Þ
2 22 4 20

 = 
2

a a a
x

- ± +

\
2 2 6

 = 
2

a a
x

- ±
Þ 6x a a= - ±

Hence, the solution set is { 2, 6}a a a a± - ±

40. Given, 
2 23 3

(5 2 6) (5 2 6) 10
x x- -

+ + - = ....(i)

Put  
2 23 3 1(5 2 6) (5 2 6)

x x
y

y
- -

= + Þ - =

From Eq. (i),  
1 10y
y

+ =

Þ 2 10 1 0y y- + =  Þ  5 2 6y = ±

Þ ( )
2 3

5 2 6 5 2 6
x -

+ = +

or ( )
2 3

5 2 6 5 2 6
x -

+ = -
Þ x2 – 3 = 1        or x2 – 3 = –1

Þ  x = + 2 or x  = + 2  Þ  x = +2, + 2
41. Given a > 0, so we have to consider two cases :

          a ¹  1 and a = 1.
Also it is clear that x > 0
and  x ¹  1, ax ¹ 1, a2x ¹ 1.
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Case I : If a > 0, ¹ 1
then given equation can be simplified as

2 1 3 0
log 1 log 2 loga a ax x x

+ + =
+ +

Putting loga  x = y, we get
2 (1 +  y) (2 + y) + y (2 + y) + 3y (1 + y) = 0

Þ 26 11 4 0 4 / 3 and 1/ 2y y y+ + = Þ = - -

Þ log 4 / 3 and log 1/ 2a ax x= - = -

Þ 4 / 3 1/ 2andx a x a- -= =

Case II : If a = 1, then equation becomes
2 logx 1 + logx 1 + 3 logx 1 = 6 log x 1 = 0

which is true 0, 1x" > ¹
Hence solution is  x > 0, ¹ 1;  if  a = 1,

and 1/ 2 4/ 3,x a a- -= , if  0, 1a > ¹

42. 1 1 1x x+ = + -
Squaring both sides, we get

1 1 1 2 1 1 2 1x x x x+ = + - + - Þ = - .

Þ 1 = 4 (x – 1) Þ x  = 5/4

Topic-4: Condition for Common Roots, Maximum 
and Minimum value of Quadratic Equation, 

Quadratic Expression in two Variables, 
Solution of Quadratic Inequalities

1. (b) Let a be the common root of given equations, then
         a2 + ba – 1 = 0 ...(i)

and    a2 + a + b = 0 ...(ii)
On subtracting (ii) from (i), we get
(b – 1) a – (b + 1) = 0

Þ   a = 
1
1

b
b

+
-

Substituting this value of a in equation (i), we get
21 1 1

1 1
b bb
b b

+ +æ ö æ ö+ -ç ÷ ç ÷- -è ø è ø
 = 0  Þ  b3 + 3b = 0

Þ   b = 0, 3, 3i i-
2. (b) f(x) = ax2 + bx + c has same sign as that of a if  D < 0.

Since 2 2 10 3 0+ + - > "x ax a x

\ 20 4 4(10 3 ) 0D a a< Þ - - <  Þ  2 3 10 0a a+ - <

Þ ( 5)( 2) 0 ( 5,2)a a a+ - < Þ Î -
3. (20)Given that f(1) = –9 Þ 1 + a + b + c = –9 ...(i)

and 4x3 + 3ax2 + 2bx = 0
Þ x = 0, or 4x2 + 3ax + 2b = 0 ...(ii)

3iÞ  and 3i-  are roots of (ii)

3 23 3 , 3 ( 3 )
4 4

a bi i i i-
Þ - = - =

Þ a = 0, b = 6, c = –16 from (i)
Þ f(x) = 0 Þ x4 + 6 x2 – 16 = 0

2 6 36 64 3 5 2, 8
2

x - ± +
Þ = = - ± = -

2, 2, 2 2 , 2 2x i i= - + -

2 2 2 2
1 2 3 4| | | | | | | | 20Þ a + a + a + a =

4. Q  x = 1, reduces both the equations to 1 + a + b = 0
\  1 is the common root. for a + b = –1
\  Numerical value of a + b = 1

5. (True) P(x).Q (x) = (ax2 + bx + c) (–ax2 + bx + c)
Þ D1 = b2 – 4ac and D2 = b2 + 4ac
clearly, D1 + D2 = 2b2 ³ 0
\ Atleast  one  of  D1 and  D2 is positive. Hence, atleast two
real roots. True

6. (a, d) Given, x1 and x2 are roots of ax2 – x + a = 0.

\ x1 + x2 = 1
a

 and x1x2 = 1

Also, |x1 – x2| < 1
Þ |x1 – x2|2 < 1  Þ  (x1 – x2)2 < 1
or (x1 + x2)2 – 4x1x2 < 1

Þ 2
1

a
 – 4 < 1   or  2

1
a

 < 5

or 5a2 – 1 > 0   or  ( 5 1)( 5 1) 0a - a + >

+ – +

1 5- 1 5

\ aÎ
1 1– , – ,
5 5

æ ö æ ö¥ È ¥ç ÷ ç ÷è ø è ø
...(i)

Also, D > 0

Þ 1 – 4a2 > 0  or  a Î
1 1

– ,
2 2

æ ö
ç ÷è ø ...(ii)

From Eqs. (i) and (ii), we get

1 1 1 1– , ,
2 25 5

-æ ö æ ö
a Î Èç ÷ ç ÷è ø è ø

7. (b) Given : a, b, c, d, p are real and distinct numbers such that
2 2 2 2 2 2 2( ) 2( ) ( ) 0a b c p ab bc cd p b c d+ + - + + + + + £

Þ 2 2 2 2 2 2( ) (2 2 2 )a p b p c p abp bcp cdp+ + - + +

            2 2 2( ) 0b c d+ + + £

Þ 2 2 2 2 2 2( 2 ) ( 2 )a p abp b b p bcp c- + + - +
2 2 2( 2 ) 0c p cdp d+ - + £

Þ 2 2 2(ap b) (bp c) (cp d) 0- + - + - £
Since, LHS is the sum of perfect squares, therefore LHS can
never be –ve.

\ 2 2 2( ) ( ) ( ) 0ap b bp c cp d- + - + - =
Which is possible only when each term is zero individually
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i.e. 0; 0; 0ap b bp c cp d- = - = - =

Þ ; ;b c dp p p
a b c

= = =  Þ
b c d p
a b c

= = =

\ , , , are in G.P.a b c d

8. (c, d)Let    
( )( )

( )
x a x by

x c
- -

=
-

Þ 2( ) ( )x c y x a b x ab- = - + +

Þ 2 ( ) 0x a b y x ab cy- + + + + =

Here, 2( ) 4( )D a b y ab cy= + + - +

      2 22 ( 2 ) ( )y y a b c a b= + + - + -
Since x is real and y assumes all real values.

\ 0D ³  for all real values of y

Þ 2 22 ( 2 ) ( ) 0y y a b c a b+ + - + - ³

As we know that the sign of a quadratic polynomial is same as
that of coefficient of y2 if its descriminant < 0

\ 2 24( 2 ) 4( ) 0a b c a b+ - - - <

Þ 4( 2 )( 2 ) 0a b c a b a b c a b+ - + - + - - + <

Þ 16 (a – c) (b – c) < 0

Þ 16 (c – a) (c – b) < 0 ....(i)

If a < b then from inequation (i), we get c (a, b)Î

Þ a < c < b

If a > b then from inequation (i), we  get ( , )c b aÎ

Þ a > c > b

Thus, both (c) and (d) are the correct answer.

9. Given : ax2 + bx + c = 0 .... (i)

and      a3x2 + abcx + c2 = 0 .... (ii)

\ , .b c
a a

a + b = - a b =

Divide the equation (ii) by a3, we get
3

2 . . 0b c cx x
a a a

æ ö+ + =ç ÷è ø
Þ x2 – (a + b). (ab) x + (ab)3 = 0
Þ x2 – a2bx – ab2 x  + (ab)3 = 0
Þ x (x – a2b) – ab2 (x – a2b) = 0
Þ (x – a2b) (x – ab2) = 0
Þ x = a2 b, ab2

10. Given : 2 23 2 0, 3 4 0x x x x- + > - - £
Þ  (x – 1) (x – 2)  > 0 and (x – 4) (x + 1) £ 0

-¥ 4 ¥21–1

Þ ( , 1) (2, ) and [ 1, 4]x xÎ - ¥ È ¥ Î -

\ Common solution = [ 1, 1) (2, 4]- È
11. Q a, b are the roots of x2 + px + q = 0

\ a + b = – p,  ab = q

Q ,g d  are  the roots of x2 + rx + s = 0

\ ,r sg + d = - gd =

Now, ( )( )( )( )a - g a - d b - g b - d

= 2 2[ ( ) ][ ( ) ]a - g + d a + gd b - g + d b + gd

= 2 2[ ][ ]r s r sa + a + b + b +

Q a , b are roots of x2 + px + q = 0

\ 2 20 and 0p q p qa + a + = b + b + =

Þ a2 = – pa – q and b2 = – pb – q

          \ 2 2( )( )( )( ) [ ][ ]r s r sa - g a - d b - g b - d = a + a + b + b +

= [( ) ( )][( ) ( )]r p s q r p s q- a + - - b + -

= 2 2( ) ( )( )( ) ( )r p r p s q s q- ab + - - a + b + -

= 2 2( ) ( )( ) ( )q r p p r p s q s q- - - - + -

Now if the equations x2  +  px + q = 0 and x2 + rx + s = 0 have a
common root say a,  then a2 + pa + q =  0  and
a2 + ra + s = 0

Þ
2 1

ps qr q s r p
a a

= =
- - -

Þ 2 andps qr q s
r p r p

- -
a = a =

- -

Þ 2( – ) = ( – )( – ),q s r p ps qr which is the required
condition.


	Errorless 47 Years Chapter-wise & Topic-wise JEE Advanced (1978 - 2024) & JEE Main (2013 - 2024) PHYSICS
	Xclusive 47 Chapter-wise & Topic-wise JEE Advanced (1978 - 2024) New Syllabus CHEMISTRY
	Xclusive 47 Chapter-wise & Topic-wise JEE Advanced (1978 - 2024) New Syllabus MATHEMATICS



