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Course Objectives 

To learn the basic central ideas of linear algebra such as linear transformations, Eigen values, 

Eigen vectors, and, canonical forms.  

 

Course Outcomes  
After successful completion of this course the students will be able to: 

 Understand the concept and the properties of finite abelian groups. 

 Get pre-doctoral level knowledge in ring theory. 

 Attain good knowledge in field theory. 

 Define and study in details the properties of linear transformations. 

 Analyze the concept of trace and transpose. 

 

UNIT I 
Another counting principle – application of theorems – Cauchy theorem – Sylow’s theorem – 

Direct product – Finite Abelian groups. 

UNIT II 
Ring Theory- Basic definition- More ideals and quotient rings- Euclidean rings-A Particular 

Euclidean Rings –Polynomial Rings-Polynomial over the Rational Field. 

UNIT III 

Fields – Extension Fields-Finite Extension of F – Some basic Definitions and Theorem – Roots of 

a Polynomial – More about Roots – The elements of Galois Theory. 

UNIT IV 
Linear Transformations-The Algebra of Linear Transformation – Characteristic Root-Matrices-

Canonical Forms –Triangular form-Nilpotent Transformations–Jordan form. 

UNIT V 

Trace and Transpose – Trace of T-Symmetric Matrix –Determinants–Hermitian Transformation, 

Unitary Transformation and Normal Transformation – Real quadratic forms. 
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SUGGESTED READINGS 

 

 TEXT BOOK 

1. Herstein.I. N.,(2010). Topics in Algebra, Second edition, Wiley and sons Pvt Ltd, Singapore. 
 
REFERENCES 

1. Artin. M., (2009). Algebra, Pearson Prentice-Hall of India, New Delhi. 

2.  Fraleigh. J. B., (2008). A First Course in Abstract Algebra , Seventh edition , Pearson      

Education Ltd, New Delhi. 

3. Kenneth Hoffman., Ray Kunze., (2003). Linear Algebra, Second edition, Prentice Hall of India  

    Pvt  Ltd, New Delhi. 

4. Vashista.A.R., (2005). Modern Algebra, Krishna Prakashan Media Pvt Ltd, Meerut. 
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KARPAGAM ACADEMY OF HIGHER EDUCATION 

 (Deemed to be University ) 

(Established Under Section 3 of UGC Act 1956) 

Coimbatore – 641 021.  

LESSON PLAN 

DEPARTMENT OF MATHEMATICS 

Name of the faculty  :  Y.Sangeetha 

Class   :   I M.Sc Mathematics 

Subject  :  Algebra 

Subject Code  :  18MMP101 

 

S. No 

Lecture 

Duration 

Hour 

Topics To Be Covered Support Materials 

UNIT-I 

1 1 Another counting principle-Lemma and 

theorems 

T1: chap-2 Pg.No:83-88 

2 1 Definition and theorems for  Conjugacy 

Relation  

T1: chap-2 Pg.No:83-88 

3 1 Cauchy’s theorem T1: chap-2 Pg.No:88-89 

4 1 Sylow’s theorem R2: chap-7 Pg.No:321-

326 

5 1 Second proof of Sylow’s theorem. R2: chap-7 Pg.No:321-

326 

6 1 Third proof of Sylow’s theorem R2: chap-7 Pg.No:321-

326 

7 1 Corollary for Sylow’s theorem.  R2: chap-7 Pg.No:327-

332 

8 1 Definition and theorems for Direct Product T1: chap-2 Pg.No:104-

107 

9 1 Finite abelian group-theorem T1: chap-2 Pg.No:109-

114 

10 1 Recapitulation and Discussion  of possible 

questions  

 

 Total No of  Hours Planned  For  Unit  I - 10 Hours 

         

UNIT-II 

1 1 Ring Theory-Basic Definition and Examples   R2: chap-4 Pg.No:168-

174 

2 1 Theorems based on properties of ring R2: chap-4 Pg.No:168-

174 

3 1 Ideal And Quotient Ring- Definition and R4: chap-4 Pg.No:306-
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theorems 319 

4 1 The Field of Quotient of  an Integral Domain 

theorems 

R4: chap-4 Pg.No:321-

322 

5 1 Euclidean Ring-Definition and theorems T1: chap-2 Pg.No:143-

149 

6 1 Continuation of theorems for Euclidean ring T1: chap-2 Pg.No:150-

152 

7 1 Polynomial Ring-Definition and Lemma T1: chap-2 Pg.No:153-

157 

8 1 Theorems for Polynomial ring T1: chap-2 Pg.No:153-

157 

9 1 Theorems for Polynomial ring T1: chap-2 Pg.No:159-

161 

10 1 Recapitulation and Discussion  of possible 

questions 
 

 Total No of  Hours Planned  For  Unit  II - 10 Hours 

 

UNIT-III 

1 1 Field and Extension Field-Definition And 

theorem 

R1: chap-13 Pg.No: 492-

496 

2 1 Continuation of theorem for Extension field R1: chap-13 Pg.No: 492-

496 

3 1 Some Basic Definition and Examples For 

Extension Field 

T1: chap-5 Pg.No: 212-

214 

4 1 Roots of Polynomial-Definition and theorems. T1: chap-5 Pg.No: 219-

226 

5 1 More about Roots-Definition and Lemma and 

theorems 

T1: chap-5 Pg.No: 232-

236 

6 1 The Elements of Galois theory-Definition and 

Lemma. 

R1: chap-14 Pg.No: 537-

543 

7 1 Theorems on Elements of Galois Theory  R1: chap-14 Pg.No: 537-

543 

8 1 Continuation Of Theorems For Galois Theory R1: chap-14 Pg.No: 537-

543 

9 1 Recapitulation and Discussion  of possible 

questions 

 

 Total No of  Hours Planned  For  Unit  III - 9 Hours 

  

UNIT-IV 

 

1 1 Linear Transformation-Definition and 

Lemma. 

T1: chap-6 Pg.No: 262-

263 

2 1 Theorems on Linear Transformation. T1: chap-6 Pg.No: 263-

267 

3 1 Characteristic Roots-theorems. T1: chap-6 Pg.No: 270-

272 

4 1 Continuation of theorems for Characteristic 

roots 

T1: chap-6 Pg.No: 272-

275 

5 1 Theorems for Triangular Form T1: chap-6 Pg.No: 285-
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290 

6 1 Theorems for Nilpotent Form T1: chap-6 Pg.No: 292-

298 

7 1 Theorems for Jordon Form R3: chap-7 Pg.No: 482-

515 

8 1 Recapitulation and Discussion  of possible 

questions 

 

 Total No of  Hours Planned  For  Unit  IV - 8 Hours 

  

UNIT-V 

1 1 Trace and Transpose-Definition and Concept T1: chap-6 Pg.No: 313-

319 

2 1 Determinants R3: chap-4 Pg.No: 209-

238 

3 1 Theorems for Determinants  R3: chap-4 Pg.No: 209-

238 

4 1 Unitary Transformation-Theorems T1: chap-6 Pg.No: 337-

341 

5 1 Hermitian Transformation-Theorems T1: chap-6 Pg.No: 341-

342 

6 1 Normal Transformation-Theorems T1: chap-6 Pg.No: 342-

348 

7 1 Real Quadratic Form-Theorems T1: chap-6 Pg.No: 350-

354 

8 1 Recapitulation and Discussion  of possible 

questions 

 

9 1 Discussion on Previous ESE Question Papers  

10 1 Discussion on Previous ESE Question Papers  

11 1 Discussion on Previous ESE Question Papers  

 Total No of  Hours Planned  For  Unit  V - 11 Hours 

  

 

SUGGESTED READINGS 

 TEXT BOOK 
1. Herstein.I. N.,(2010). Topics in Algebra,  Second edition, Wiley and sons Pvt Ltd, Singapore. 

REFERENCES 

1. Artin. M., (2008). Algebra, Prentice-Hall of India, New Delhi. 

2. Fraleigh. J. B., (2004). A First Course in Abstract Algebra , Seventh edition , Pearson 

Education Ltd, Singapore. 

3. Kenneth Hoffman., Ray Kunze., (2003). Linear Algebra, Second edition, Prentice Hall of  

 India Pvt  Ltd, New Delhi. 
4. Vashista.A.R., (2005). Modern Algebra, Krishna Prakashan Media Pvt Ltd, Meerut. 
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           UNIT-I 

Another counting principle – application of theorems – Cauchy theorem – Sylow’s 

theorem – Direct products – Finite Abelian groups.  
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Possible Questions 
PART-B (6 Mark) 

 

1. Prove that if G is a finite group, then prove that ca=O(G)/O(N(a)) 

2. Suppose G is a finite abelian group and p|o(G), where p is prime numberthen prove 

there is an element a eG such that a
p
=e. 

3. State and prove second part of the Sylow’s Theorem. 

4. Let G be a group and suppose that G is the internal direct product of N1, N2, ….., Nn. 

Let  N1 X N2 X……X Nn. Then G and T are isomorphic. 

5. Show that the number of elements conjugate to a in G is the index of the normalizer 

of a in G. 

6. State and prove Cauchy’s theorem. 

7. If G is a finite group, p a prime and ( )np O G  but  p
n 
┼O(G), then any two subgroups 

of G of order p
n
 are conjugate. 

8. Prove that if p is a prime number and p| O(G),then prove that G has an element of 

order p. 

9. State and prove first part of the Sylow’s Theorem. 

10. If p is a prime number and p| O(G),then prove that G has an element of order p. 

 

PART-C (10 Mark) 

1. State and prove third part of the Sylow’s Theorem. 

2. Prove that if G is a finite group, then prove that ca=O(G)/O(N(a)) 

3. If G is a finite group, p a prime and ( )np O G  but  p
n 
┼O(G), then any two subgroups 

of G of order p
n
 are conjugate. 

 

  

 

 

 



Question Option-1 Option-2 Option-3 Option-4 Answer

A group is said to be ____________,if for every a,b in 

group then a*b=b*a Abelian group normal sub group order Abelian group

If the number of element is finite then the group is 

called _______________ Abelian group finite group infinite group group finite group

If the number of element is infinite then the group is 

called _______________ Abelian group finite group infinite group group infinite group

An infinite group is said to be ---------------order identity finite infinite symmetric  infinite

For every aG,(a
-1

)
-1

 = ------- a
-1 

1 a 0 a

If G is a group, then every aG has a --------- 

inverse in G zero two unique three unique

For all a,bG (a.b)
-1

 = ------ ab b.a
-1

(a.b)
-1

b
-1

.a
-1

b
-1

.a
-1

The number of elements in a finite group is called --

---------- of the group order Non-abelian infinite abeliean order

If G is a group, then the identity element of G is ----

------ zero two unique three unique

A nonempty subset H of a group G is said to be -----

-------- of G H itself forms a group coset subset normal-subgroup subgroup subgroup

If G is a finite group and H is a subgroup of G then 

-------- divisor of o(G) o(G) o(S) o(H) o(A) o(H)

If  H is a subgroup of G,aG then   aH is called-----

----- coset left- coset right- coset   ideal left- coset

If  H is a subgroup of G,aG then Ha is called-------

--- coset left- coset right- coset   ideal right- coset   

If G is a finite group and H is a subgroup of G then 

-------- divisor of o(G) o(G) o(S) o(H) o(A) o(H)

An isomorphic mapping F of  a  group G onto 

itself is called automorphism If F is _________ one-to-one onto into one to one & onto onto

An isomorphic mapping  of  a  group G onto itself 

is called ----------- automorphism isomorphism homomorphism monomorphism automorphism

A homomorphism F from G into Ğ is said to be ---

------ ifF is one-to-one automorphism isomorphism homomorphism monomorphism isomorphism

A homomorphism F from G into Ğ is said to be 

isomorphism if F is one-to-one onto into one to one & onto one-to-one

If G is a group, N normal subgroup of G then G/N 

is called ------- quotient group ring subgroup

c)normal-

subgroup quotient group

A subgroup N of a group G is said to be normal 

subgroup of G H if-------- gng
-1
G gng

-1
N gnN            ng

-1
N gng

-1
N 

A subgroup N of a group G is said to be ------------- 

of G H if gng
-1
N coset subset normal-subgroup subgroup normal-subgroup

If G is a finite group  and aG  the --------- of ‘a’ is 

least positive integer m such that a
m

 = e coset subset order infinite order order

If G is a finite group  and aG  the order of a is 

least positive integer m such that a
m 

=________ 1 e 0 p e

N(a) is a ------------- of G coset subset normal-subgroup subgroup normal-subgroup

Conjugacy is ------------ on G reflexive symmetric transitive

equivalence 

relation

equivalence 

relation

If o(G) =p
2
 where p is a prime number, then G is ---

----- Non-abeliean abeliean unity inverse abeliean

If p is a prime number, and p/o(G) then G has an 

element of -------- order 1 order p order e order 0 order p

If p is a prime number, and p
a
/o(G) then G has a 

subgroup of  -------- order p
a

order p order 0 order e order p
a

Let Ф be a homomorphism of G onto G with 

kernal K. Then ------------ G\K ~G G\K =G G\K =1 G\K =K G\K ~G

By an automorphism of a group G we shall mean 

an ---------- of G onto itself automorphism isomorphism homomorphism monomorphism isomorphism

The sub group N of G is a normal sub group of G 

if and only if every--------- of N in G is a right coset 

of N in G coset left- coset right- coset   ideal left- coset

The sub group N of G is a normal sub group of G 

if and only if every left coset of N in G is a ----- of 

N in G coset left- coset right- coset   ideal right- coset   

If N and M are sub groups of G then ------ is also a 

normal sub group mN Nm N/M M/N N/M

 KARPAGAM ACADEMY OF HIGHER EDUCATION
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The center of a group is always a normal sub group normal-subgroup subgroup group Abelian group normal-subgroup

If G is a group then A(G) the set of automorphism 

of G is a ------------- normal-subgroup subgroup group Abelian group group

Every group is ----------to a sub group of A(S) for 

some appropriate S automorphism isomorphism homomorphism monomorphism isomorphism

Every permutation is the product of its ---------- cycles 2-cycles group subgroup cycles

Every permutation is the --------- of its cycles sum division product difference product

Every ----------------- is the product of its cycles normal-subgroup subgroup group permutation permutation

If o(G)=p2 where p is a prime number then is -------

--- non-Abelian subgroup group Abelian Abelian 

If ---------- where p is a prime number then is 

abelian o(G)=p2 o(G)=p o(G)=1 o(G)=n o(G)=p2

Let G be a -------- then the identity element is 

unique normal-subgroup subgroup group permutation group

The product of  even permutation is an -------- 

permutation even even & odd odd prime even 

The product of  two odd permutation is an --------- 

permutation even even & odd odd prime even 

Conjugacy is an ---------- relation on G reflexive symmetric transitive equivalence equivalence 

If G is a group of order231then  the 11- sylow 

subgroup is in the center of G sylow subgroup subgroup 11sylow subgroup normal subgroup 11sylow subgroup

If G is a group of order231then  the 11- sylow 

subgroup is in the ---------- of G sylow subgroup subgroup normal subgroup center center

If o(G)=pq ,p and q are distinct primes p<q then 

p/(q-1) there exists a unique ___________ group 

of order pq non abelian abelian cyclic non cyclic non abelian

If o(G)=______ ,p and q are distinct primes p<q 

then p/(q-1) there exists a unique non abelian 

group of order pq p q pq p/q pq

If o(G)=pq ,p and q are distinct primes p<q then 

_________ there exists a unique non abelian group 

of order pq p/(q-1) p-1/q-1 p/q pq p/(q-1)

Spk has -------subgroup sylow k-sylow p-sylow 11sylow subgroup p-sylow

Every finite -------------group is the direct product 

of cyclic groups abeliean Non-abeliean cyclic permutation abeliean
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           UNIT-II 

Ring Theory- Basic definition- More ideals and quotient rings- Euclidean rings-A 

Particular Euclidean Rings –Polynomial Rings-Polynomial over the Rational Field. 
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Possible Questions 
PART-B (6 Mark) 

 

1. Show that if f(x),g(x) are two nonzero elements of F[x], then prove that 

   deg (f(x)g(x)) = deg f(x)+deg g(x). 

2. Let R be a commutative ring with unit element whose only ideals are 0 and R itself 

then prove that R is a field. 

3. State and prove Gauss Lemma. 

4. State and prove the Eisenstein Criterion. 

5. Prove that if f(x) and g(x) are primitive polynomials, then prove that f(x)g(x) is a 

primitive polynomials. 

6. Given two polynomials f(x) and g(x)  in F[x],then prove that there exist two 

polynomials t(x) and r(x) in F[x] such that f(x)=t(x)g(x)+r(x),where r(x)=0 or deg 

r(x)<deg g(x). 

7. If p is a prime number of the form 4n+1.then prove that  p=a
2
+b

2
 for some integer 

a,b. 

8. State and prove Fermat theorem 

 

PART-C (10 Mark) 

1. State and prove the Eisenstein Criterion. 

2. Show that if R is a unique factorization domain, and then proves that the product of 

two primitive polynomials in R[x] is again a primitive polynomial in R[x]. 

3. Prove that every integral domain can be imbedded in a field. 

 
 

 

 

  

 

 

 

 



Questions choice 1 choice 2 choice 3 choice 4 Answer

If in a ring R there is an element 1 in R such that 

a.1=1.a=a then R is --------

ring with unit 

element commutative ring zero none

ring with unit 

element

If the multiplication of R such that a.b=b.a then R 

is --------

ring with unit 

element commutative ring zero none commutative ring

A commutative ring with unity without zero 

divisors is called ------- integral domain zero identity commutative ring integral domain

A commutative ring with unity ------------ is called 

integral domain without zero divisors with zero divisors zero identity

without zero 

divisors

A commutative division ring is --------- ring Field integral domain zero Field

Another name of division ring is------------- Field integral domain skew Field group Field

Every -------------- is a field integral domain

finite integral 

domain

infinite integral 

domain ring

finite integral 

domain
An element a of a ring R is  said to be idempotent if 

------- a=1 a
2

=1 a
2

=a   a
2

=0 a
2

=a   

An element a of a ring R is  said to be ------------- if 

a
2

=a idempotent nilpotent identity none idempotent

An element a of a ring R is  said to be -------------- if 

a
2

=0 idempotent nilpotent identity none nilpotent

A commutative ring is an ---------- if it has no zero 

divisors Division ring field integral domain Eucledian ring integral domain

A ring is said to be ------------------ if its nonzero 

elements form a group under multiplication Division ring field integral domain Eucledian ring Division ring

A ring is said to be division ring if its nonzero 

elements form a ----------------- under multiplication Division ring group integral domain Eucledian ring group

A commutative ring is an integral domain if it has --

------------------ Division ring field no zero divisiors zero divisiors no zero divisiors

A finite integral domain is a ---------- Division ring field integral domain Eucledian ring field

A ----------------- is a field- Division ring

finite integral 

domain integral domain ring

finite integral 

domain

A homomorphism of R into R
’
 is said to be an -------

--- if it is a one-to one mapping isomorphism automorphism homomorphism monomorphism isomorphism

A homomorphism of R into R
’
 is said to be an 

isomrphism if it is a --------------mapping one-one onto into into & onto one-one

A homomorphism of R into R
’
 is said to be an 

isomrphism if and only if I(F)= ------- one zero two three zero

A -------------------- ring is an integral domain if it 

has no zero divisors Division ring field commutative ring Eucledian ring commutative ring 

A------------ possesses a unit element Division ring field integral domain Eucledian ring Eucledian ring

A non-empty set I is called ------------ if it is both 

left and right ideal K one-sided ideal two-sided ideal field integral domain two-sided ideal

A non-empty set I is called two sided ideal if it is ---

------------------ left ideal right ideal field

both left and right 

ideal

both left and right 

ideal

The polynomial is said to be --------- if the G.C.D is 

one primitive field integral domain Eucledian ring primitive

The polynomial is said to be primitive if the G.C.D 

is ------------- two   one zero four one

A polynomial is said to be integer monic if all its 

coefficients are -------------- integers rational real complex integers

A polynomial is said  to be --------------- if all its 

coefficients are integers integer monic rational monic real monic complex monic integer monic

J(i) is a ------------------- integral domain Euclidean ring Field skew field Euclidean ring

.---------------- is a Eucledian ring. F(i) J(i) M(i) A(i) J(i)

If aR is an  ----------------- and a/bc, then a/b or a/c zero divisor primitive irreducible integers irreducible

___________ is a commutative ring with unit

element (R, +,.) (Z, *,.) (R, *,.) (R, +,*) (R, +,.)

(R, +,.)  is a ___________ with unit element field commutative ring Eucledian ring ring commutative ring

_________ is an Integral domain. skew Field Field ring group Field

Field is an ________ integer monic Eucledian ring integers integral domain integral domain

The smallest such positive integer n is called

________ if no positive integer then r is said to be

a characteristic zero or infinite. Euclidean ring R

the characteristics of 

a ring R

infinite integral 

domain Division ring R

the characteristics 

of a ring R

The smallest such positive integer n is called the

characteristics of a ring R if no ________ integer

then r is said to be a characteristic zero or infinite. positive real rational complex positive

 KARPAGAM ACADEMY OF HIGHER EDUCATION

DEPARTMENT OF MATHEMATICS

 ALBEBRA ( 18MMP101 )

UNIT - II



The smallest such positive integer n is called the

characteristics of a ring R if no positive integer

then r is said to be a __________

characteristic zero or 

infinite characteristic one characteristic finite characteristic ring

characteristic zero 

or infinite

A________ has no proper ideals  field group Field ring  field

A field has no ____________ right ideal proper ideals one-sided ideal two-sided ideal proper ideals 

An ________ generated by a single element of 

itself it called a principle ideal group ideal Field ring ideal

An ideal generated by a _________  element of 

itself it called a principle ideal two-sided ideal one-sided ideal double single single

An ideal generated by a single element of itself it 

called a __________ integral domain principle ideal ideal Eucledian ring principle ideal

An ---------------- possess a unit element. integer monic Division ring  Euclidean ring integral domain  Euclidean ring

An Euclidean ring possess a __________ element. field unit double no unit

An ________ is said to be of characteristics zero if 

the relation Ma = 0, where a ≠0 is in D and where 

m is an integer can hold only if m=0 skew Field Integral domain D Division ring R

the characteristics 

of a ring R Integral domain D

 A ------------ of R into R’ is said to be an 

isomorphism if it is one- one mapping. homomorphism isomorphism automorphism monomorphism homomorphism 

 A homomorphism of R into R’ is said to be an ------

--------- if it is one- one mapping. isomorphism identity integral domain Eucledian ring isomorphism

 A homomorphism of R into R’ is said to be an 

isomorphism if it is --------- mapping. onto one- one into into & onto one- one

We cannot define the ---------- of the zero

polynomial. sum degree order power degree

A---------- is a constant if it degree is zero. monomial trinomial  polynomial binomial  polynomial
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           UNIT-III 

Fields – Extension Fields-Finite Extension of F – Some basic Definitions and Theorem – 

Roots of a Polynomial – More about Roots – The elements of Galois theory. 
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Possible Questions 
PART-B (6 Mark) 

 

1. Prove that a polynomial of degree n over a field can have at most n roots in any 

extension field. 

2. Show that if L is a finite extension of K and if K is a finite extension of F, then prove 

that L is a finite extension of F. Moreover [L: F] = [L: K] [K: F]. 

3. Show that if K is a finite extension of F, then G(K,F) is a finite group and its order. 

O(G(K,F)) satisfies O(G(K,F)) [K:F].  

4. State and prove Remainder theorem. 

5. Prove that the element a ∈K is algebraic over F if and only if F(a) is a finite 

extension of F. 

6. If p(x) is irreducible in F[x] and if v is a root of p(x), then F[v] is isomorphic to 

F’[w] where w is a root of p’(t); moreover, this isomorphism   can so be chosen 

that 

i. v   = w 

ii. α   = α’ for every α ϵ F. 

7. Show that the element a K is algebraic over F if and only if F(a) is a finite extension 

of F. 

8. Prove that if P(x) ϵF[x] and if K is an extension of F, then for any element b ϵ K,  

9. P(x) = (x-b) q(x) + p(b) where q(x) ϵ K[x] and where deg q(x) ϵ K[x] and where 

degq(x) = deg p(x)-1. 

10. Prove that the polynomial f(x) ∈F(x) has a multiple root if and only if f(x) and f
’
(x) 

have a nontrivial common factor. 

 

PART-C (10 Mark) 

1. State and prove Division Algorithm. 

2. Show that if K is a finite extension of  F, then G(K,F) is a finite group and its order. 

O(G(K,F)) satisfies O(G(K,F))  [K:F].  

 

 

 

 
 

 

 

  

 



Questions choice 1 choice 2 choice 3 choice 4 Answer

A field K is said to be an extension of F if ----

--------- FK F=K KF F<K FK

A field K is said to be an   ------------   F if  

FK zero divisor primitive irreducible extension extension

The -----------------  is the dimension of K as a 

vector space over F degree of F over K degree of K over F      degree of F none  degree of K over F      

The degree of K over F  is the ----------------- 

of K as a vector space over F degree of F over K dimension degree of F none dimension

If L is a finite extension of K and K is a 

finite extension of F,then---- --------

L is a finite extension 

of K

K is a finite extension 

of K

L is a finite 

extension of F                  

K is a finite extension 

of L

L is a finite 

extension of F  

If-------------------------- and K is a finite 

extension of F,then L is a finite extension of 

F                      

L is a finite extension 

of K

K is a finite extension 

of K

L is a finite 

extension of F                  

K is a finite extension 

of L

L is a finite 

extension of K

If L is a finite extension of K and ---------------

--- ,then L is a finite extension of F                      

L is a finite extension 

of K

K is a finite extension 

of F

L is a finite 

extension of F                  

K is a finite extension 

of L

K is a finite 

extension of F

If aK is algebraic of degree n over F,then ---

------------ [F(a):F] = n [F(a):F] =m [F(a):F] =0   [F(a):F] = a  [F(a):F] = n

If aK is --------------------------,then [F(a):F] = 

n

 algebraic of degree n 

over F

algebraic of degree n 

over F

 algebraic of 

degree n over F

 algebraic of degree n 

over F

algebraic of degree 

n over F

If a and b in K are ----------F then a+b, a-b, 

ab, a/b are all algebraic over F  algebraic over K algebraic over F

algebraic of 

degree F algebraicof degree K algebraic over F

The elements in K which are algebraic over F 

form a ---------of K  field subfield root group subfield 

If a is constructible then a lies in some 

extension of the rationals of degree ------ power of 2 power of 3 not a  power of 3  not a  power of  2 power of 2

If the -----------a satisfies an irreducible 

polynomial over  the field of  rational 

numbers of degree k,and if k is not a power 

of 2 ,then a is not constuctible. real number              rational number irrational number  complex number  real number                   

If the real number a satisfies an irreducible 

polynomial over  the field of  rational 

numbers of degree k,and if k is-----------,then 

a is not constuctible. power of 2 power of 3  not a  power of 3  not a  power of  2 not a  power of  2

G( K,F) is a ------------- of the group of all 

automorphisms of K group sub group normal subgroup none sub group

If U is an ideal of the ring Rthen R/U is a -----

--  and is a homomorphic image of R field group sub group ring ring

If U is an ideal of the ring Rthen R/U is a 

ring  and is a --------------- image of R homomorphic isomorphic homeomorphic automorphic homomorphic

If U is --------- of the ring Rthen R/U is a ring  

and is a homomorphic image of R group ring ideal field ideal

If R is a commutative ring with a unit 

element and M is an ---------- of R then M is a 

maximal ideal of R iff R/M is a field group ring ideal field ideal

If R is a commutative ring with a unit 

element and M is an ideal of R then M is a 

maximal ideal of R iff R/M is a ------- group ring ideal field field

If R is a commutative ring with a unit 

element and M is an ideal of R then M is a ----

-------- of R iff R/M is a field maximal ideal ring ideal minimal ideal maximal ideal 

If R is a commutative ring with a unit 

element and M is an ideal of R then M is a 

maximal ideal of R iff--------- is a field R R/M R and M M R/M

Every  -------- can be  imbedded in a field integral domaim ring ideal field integral domaim

Every integral domaim can be  imbedded in a 

------------ integral domaim ring ideal field field

A------------  possesses a unit element integral domain ring ideal                 Eucledian ring Eucledian ring

If --------- U of a ring R contains a unit of R 

then U=R Euclidean ring ring ideal field ideal

If an ideal U of a --------- R contains a unit of 

R then U=R Euclidean ring ring field ideal ring

If an ideal U of a ring R contains a unit of R 

then-------- U=R U<R U>R U≤R U=R

A --------- said to be generating set of V if 

L(S) = V. set S ring ideal U Euclidean ring set S

A set S said to be ------------ of V if L(S) = V. maximal ideal ideal generating set field generating set

A set S said to be generating set of V if --------

-. L(S) = V L(S) = 0 L(V) =S L(S) = 1 L(S) = V
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Any ------------ F is a finite extension of F. ring field ideal group field

Any field F is a --------------of F. primitive irreducible extension finite extension finite extension 

An element a k is said to be --------------- 

over F if it is not algebraic over F generating set transcendental extension finite extension transcendental

An element a k is said to be transcendental 

over F if it is ----------------- not algebraic over F  algebraic over F

 finite extension of 

L

not a finite extension of 

L not algebraic over F

A ---------- K is said to be an extension F if  

FK field ring ideal group field

A -------------- is said to be an algebraic 

number if it is algebraic over field of rational 

number. real  number              rational number irrational number  complex number complex number

A complex number is said to be an --------------

- if it is algebraic over field of rational 

number. rational number    irrational number    algebraic number real number              algebraic number

A complex number is said to be an algebraic 

number if it is ---------- over field of rational 

number. real algebraic integers rational algebraic

A complex number is said to be an algebraic 

number if it is algebraic over ----- of rational 

number. field ring ideal group field

A complex number is said to be an algebraic 

number if it is algebraic over field of -----------

----. real number              irrational number    rational number algebraic number rational number

An -------------- of a fields F is said to be 

simple extension if k = F(a) for some ak Euclidean ring R transcendental k extension k finite extension k extension k

An extension k of a fields F is said to be -------

- if k = F(a) for some ak Euclidean ring transcendental extension simple extension simple extension 

An extension k of a fields F is said to be 

simple extension if ------------ for some ak k = F(0) k = F(a) k = F(1) k = F(a *1) k = F(a)

A ----------- is called Prefect if all its Finite 

extension of F is separable. field ring ideal group field

A field F is called ----------if all its Finite 

extension of F is separable. algebraic Prefect prime normal Prefect 

A field F is called Prefect if all its---------------- 

of F is separable. primitive irreducible extension finite extension finite extension 

A field F is called Prefect if all its Finite 

extension of F is --------------- irreducible transcendental separable inseparable separable
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           UNIT-IV 

Linear Transformations-The Algebra Of Linear Transformation – Characteristic Root-

Matrices-Canonical Forms –Triangular form-Nilpotent Transformations–Jordan form. 
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Possible Questions 
PART-B (6 Mark) 

 

1. If uv1 is such that uT
n

1
-k 

= 0, where 0 < k n1,then prove that u = u0T
k
 for 

some u0ϵV1. 

2. Prove that two nilpotent linear transformations are similar if and only if they have the 

same invariants. 

3. Prove that if V is n-dimensional over F and if Tϵ A(V) has all its characteristic roots 

in F, then prove  that T satisfies a polynomial of degree n over F. 

4. If M, of dimension of m, is cyclic with respect to T, then the dimension of MT
k
 is m-

k for all km. 

5. Show that the element S and T in AF(V) are similar in AF(V) iff they have the same 

elementary divisors. 

6. Let A be an algebra with unit element, over F, and suppose that A is of dimension m 

over F. then every element in A satisfies some nontrivial polynomial in F[x] of 

degree at most m. 

7. Prove that if  T ϵ A(v) has all its characteristic roots in F, then prove that there is a 

basis of V in which  the matrix of T is triangular. 

8. Prove that there exist a subspace W of V, invariant under T, then  V=V1 W. 

9. Prove that if V is n-dimensional over F and if TϵA(V) has all its characteristic roots 

in F, then prove  that T satisfies a polynomial of degree n over F. 

 

PART-C (10 Mark) 

1. Show that if TA(v) is nilpotent, then prove that  2

0 1 2 ... m

mT T T        where 

i F   is invertible if 0 0   

2. Prove that if V is n-dimensional over F and if Tϵ A(V) has all its characteristic roots 

in F, then prove  that T satisfies a polynomial of degree n over F. 

3. Prove that two nilpotent linear transformations are similar if and only if they have the 

same invariants. 

 
 



Questions choice 1 choice 2 choice 3 choice 4 Answer

F[x] is a----------- Euclidean ring ring integral field integral 

The set of all vector space-homomorphisms 

of V into itself ---------- Hom(V,W) Hom(W,V) Hom(V,V) Hom(W,W) Hom(V,V)

Hom(V,V) is the set of all vector space-

homomorphisms of V into itself V into V V into W  W into W W into V V into V
A linear transformation on V,over F is an 

element of  ----------- AF(W) BF(V) AF(V) WF(V) AF(V)

A linear transformation on  ------------ is an 

element of  AF(V) W over F V over V F over F V over F V over F

A complexnumber is said to be an algebraic 

number if it is algebraic over the field of ------

-----

complexnumbe

r real number

rational 

number

irrational 

number

rational 

number

The number e is -------------- complexnumbe real number irrational transcendental transcendental

If f(x)F(x) then there is a ------------------ E 

of F in which f(x)has a root .

 finite 

extension   extension

normal 

extension    

simple 

extension finite extension   

t* defines an ---------------- of F[x] onto F'[t] 

with the property that at*=a' for every aF isomorphism automorphism

homomorphis

m

monomorphis

m isomorphism

 t* defines an isomorphism of ---------- with 

the property that at*=a' for every aF F[x] onto F'[t] f[x] intof'[t]  f[x] ontof'[t] F[x] into F'[t] F[x] onto F'[t]   

An element TA(V) is  called -------------- if 

there exists an SA(V) such that TS =1 both invertible right-invertible left-invertible invertible right-invertible

An element  ----------- is  called right-

invertible if there exists an SA(V) such that 

TS =1 VA(V) TA(T) TA(V) TA(T) TA(V)

An element TA(V) is  called right-

invertible if there exists an SA(V) such that 

---------- TS =1 TS=0 ST =1 TS =2 TS =1

A ------------- is said to be an algebraic 

number if it is algebraic over the field of 

rational numbers

complexnumbe

r real number

rational 

number

irrational 

number

complexnumbe

r

A complexnumber is said to be an -------- if it 

is algebraic over the field of rational numbers

complexnumbe

r

algebraic 

mumder

rational 

number

irrational 

number

algebraic 

mumder

 t* defines an isomorphism of F[x] onto F'[t] 

with the property that--------------  for every 

aF at*=a' a=a*     at*=a     a=a'    at*=a'

If  a is constructible then a lies in some  ------

--- of the rationals of degree a powerof

 finite 

extension   extension

normal 

extension    

simple 

extension extension

If  a is constructible then a lies in some 

extension of the rationals of degree a 

powerof -------- 2 3 0 1 2

The ---------- of F is a simple extension of F 

if K=F(a) for some a in K

finite extension   

K extension K

 c)normal 

extension    

simple 

extension extension K

The extension K of F is a------------ if K=F(a) 

for some a in K

finite extension   

K extension K

 c)normal 

extension    

simple 

extension of F

simple 

extension of F

The extension K of F is a simple extension of 

F if--------- for some a in K K=F(a)     KF(a) K=f(a) K=F(a) K=F(a)

-------------- is separable over F, F(a,b) is a 

simple extension of F a or b a and b ab a,b a or b

If one of aor b is ------------ over F, F(a,b) is a 

simple extension of F non-separable       separable   reduciable irreducible separable   

If one of aor b is separable over F F(a,b) is a  

of F------------- of F finite extension   extension

normal 

extension    

simple 

extension

simple 

extension
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The of elements in K which are --------over F 

forms a sub field of K non-separable       separable   reduciable irreducible separable   

The set of elements in K which are separable 

over F forms a sub field of K field group sub group subfield subfield

If is a group of automorphisms of K then the -

----------of G is the set of all elements aK 

such that s(a)=a for all sG field fixed field normal field subfield fixed field

f G is a group of automorphisms of K then 

the fixed field of G is the set of all 

elementsaK such that -------- for all sG s(a)=a K(a)=a  s(a)=K   s(a)=K s(a)=K 

If G is  a  group  ----- of K then the fixed 

field of G is the set of all elements aK such 

that s(a)=a for all sG isomorphism automorphism

homomorphis

m

monomorphis

m automorphism

G(K,F) isa subgroup of the group of all --------

------ of K isomorphism automorphism

homomorphis

m

monomorphis

m automorphism

If K is a ---------------- then G(K,F) is a finite 

group and its order o(G(K,F)) 

satisfieso(G(K,F))<=[K.F]

 finite 

extension of   

K extension K

normal 

extension    

simple 

extension of F

finite extension 

of   K

If K is a finite extension of F then G(K,F) is a 

finite group and its order o(G(K,F)) satisfies -

----- o(G)=[K,F]    o(G)=F   

o(G(K,F))<=[K

.F]   o(G)=K

o(G(K,F))<=[K

.F]  

K is a ------------- of F if K is a finite 

extension of F such that F is the fixed field of 

G(K,F) finite extension   extension

normal 

extension    

simple 

extension

normal 

extension    

K is a normal extension of F if K is a ----------

----- of F such that F is the fixed field of 

G(K,F) finite extension   extension

normal 

extension    

simple 

extension finite extension   

K is a normal extension of F if K is a finite 

extension of F such that F is the --------    of 

G(K,F) field fixed field normal field subfield fixed field

K isa ------------------- of F if and only if K is 

the splitting field of some polynomial overF

 finite 

extension   extension

normal 

extension    

simple 

extension

normal 

extension    

K is a normal extension of F if and only if K 

is the---------------  of some polynomial overF field  splitting field      fixed field   simple field splitting field       

If G is a ------------- and if G¯ is a 

homomorphic image of G then G¯ is 

solvable sovlable group   field  group simple field sovlable group  

If G is a sovlable group and if G¯ is a----------

------ image of G then G¯ is solvable isomorphism automorphism

homomorphis

m

monomorphis

m

homomorphis

m

If G is a solvable group and if G¯ is a 

homomorphic image of G then G¯ is --------- non-separable  separable   reduciable  solvable solvable

Sn is----------  for n5 separable not solvable  sovlable non-separable not solvable

Sn is not solvable for ---------- n>5       n≥5     n<5     n<4 n5      

If p(x)F[x] is -------------- by radicals over F 

then the Galois  group over F of p(x) is a 

solvable group non-separable  separable   reduciable  solvable solvable

If p(x)F[x] is solvable by radicals over F 

then the---------  over F of p(x) is a solvable 

group sovlable group Galois  group  group    simple field Galois  group  

If  p(x)  F[x] is solvable by radicals over F 

then the Galois  group over F of p(x) is a ------

-----

separable 

group

not solvable 

group sovlable group

non-separable 

group sovlable group

If V is -------- over F then the rank of T is the 

dimension of VT the range of T over F field

 infinite 

dimensional    

finite 

dimensional    dimensional       

finite 

dimensional     



If V is finite dimensional over F then the 

rank of T is the dimension of  the range of T 

over F FT         F  V      VT VT

If ---------- A(V) has no two sided ideal other 

than (0) and A(V) dim(V)=1    dim (V) >1 dim (v)<1   dim (v)≠1       dim (V) >1 

If dim (V) >1 A(V) has------------------ other 

than (0) and A(V)

 no two sided 

ideal  two sided ideal    one sided ideal

no one sided 

ideal

no two sided 

ideal  

If dim (V) >1 A(V) has no two sided ideal 

other than ---------- 0 (0) and A(V)            (0)or A(V) A(V) (0) and A(V)        
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Possible Questions 
PART-B (6 Mark) 

 

 

1. If {v1, v2, …, vn} is an Orthonormal basis of V and if the matrix of TϵA(V) 

in this basis is (αij)then the matrix of T
*
 ij ij = ij. 

2. If F is field of characteristic 0, and if T ϵ AF(V) is such that tr T
i
=0 for all 

i 1 then prove that T is nilpotent. 

3. The Linear transformation T on V is unitary if and only if it takes an 

orthonormal basis of V into an orthonormal basis of V. 

4. Show that if two rows of a matrix A are equal, then prove that detA=0. 

5. For A, BFn and  λ F, prove 

  (i) tr (λA) = λ tr (A) 

  (ii) tr (A+B) = tr(A)+tr(B) 

  (iii) tr (AB) = tr(BA). 

6. Prove that if F is of characteristic 0 and if S and T, in AF(V),are such that ST-TS 

commutes with  S, then prove that ST-TS is nilpotent. 

7. Prove For A, B ϵ Fn, det (AB) = (det A) (det B). 

8. For A, B ϵ Fn, prove that det (AB)=(det A)(det B). 

9. If Tϵ A(V) is Hermitian, then all its characteristic roots are real. 

PART-C (10 Mark) 

1. For all A, B Fn prove that 

 (i)  (A
’
)

’
=A.  

 (ii) (A+B)’=A
’
+B

’
 

 (iii) (AB)
’
=B

’
A

’
. 

2. If F is field of characteristic 0, and if T ϵ AF(V) is such that tr T
i
=0 for all i 1 then 

prove that T is nilpotent. 

3. Prove that if F is of characteristic 0 and if S and T, in AF(V),are such that ST-TS 

commutes with  S, then prove that ST-TS is nilpotent. 

 

 

 

 
 

 

 



Questions choice 1 choice 2 choice 3 choice 4 Answer

 If V is finite dimensional and ------------ 

there is an SA(V) such that E=TS0 is an 

idempotent T>0   T=0   T0     T<0 T0     

If V is finite dimensional and T0 there is an 

SA(V) such that E=-------- is an idempotent T>0   TS≠0 T0     TS=0   TS≠0

If V is finite dimensional and T≠0 there is an 

SA(V) such that E=TS 0 is an -------------- regular   idempotent grounded nilpotent idempotent

The ------------- W of V is invariant under 

TA(V) if WTW subspace     space         field       sub field subspace     

The subspace W of V is invariant under 

TA(V) if----------- W over F    WV        WTT     W=V        WTT     

The element  F is a characteristic root of 

T A(V) if and only if for some ------- in V, 

vT=v =0       0       v=0      v0 v0

The element  F is a characteristic root of 

T A(V) if and only if for some v0 in V,-----

----- vT=T    vT=v     vT=v        Tv=T      vT=v     

If TA(V) is nilpotent then k is called the ---

-----------of Tk=0 but T
k-1

 0

index of 

nilpotence  nilpotence      

linear 

transformation   idempotent

index of 

nilpotence  

The -------- of a matrix A is the sum of the 

elements on the main diagonal of A transpose inverse         trase          conjucate trase          

The trace of a matrix A is the --------------- of 

the elements on the main diagonal of A sum    inverse  product       subtract sum    

The trace of a matrix A is the sum of the 

elements on the --------- of A diagonal      main diagonal  elements       all elements main diagonal  

The matrix A is said tobe a------------   if 

A'=A

symmetric 

matrix      singular matrix  

 nonsingular 

matrix      

skew- 

symmetric 

matrix

 symmetric 

matrix   

The matrix A is said to be a symmetric 

matrix if A'=A AA'         A<A'    A>A'     A'=A A'=A

The matrix A is said to be a-----------  if A'=-

A

symmetric 

matrix     singular matrix   

nonsingular 

matrix    

skew- 

symmetric 

matrix

skew- 

symmetric 

matrix

The matrix A is said to be a skew- symmetric 

matrix if -------- AA'    A<A'   A'=- A       A'=A A'=- A       

A and B are symmetric matrices,AB is --------

---- iff AB=BA  

symmetric 

matrix      singular matrix  

 nonsingular 

matrix      

skew- 

symmetric 

matrix

 symmetric 

matrix   

A and B are symmetric matrices,AB is 

symmetric iff  ------------ A=B       AB=BA   AB ABBA AB=BA   

The determinant of a triangular matrix is the -

---------- of its entries on the main diogonal sum    inverse  product       subtract product       

The determinant of a triangular matrix is the 

product of its entries on the-------------- diagonal      main diagonal  elements       all elements main diagonal  

The  of a triangular matrix is the product of 

its entries on the main diogonal transpose inverse         trase          determinant determinant

Interchanging two rows of A changing the 

sign of its  ----------- transpose inverse         trase          determinant determinant

Interchanging two rows of A changing the-----

----- of its determinant  value  sign   sign and value transpose sign   

Interchanging two columns of A changing 

the sign of its ------------  transpose inverse         trase          determinant determinant

 Interchanging two columns of A changing 

the ------- of its determinant  value  sign   sign and value transpose sign   

 KARPAGAM ACADEMY OF HIGHER EDUCATION

DEPARTMENT OF MATHEMATICS

 ALBEBRA ( 18MMP101 )

UNIT - V



The characteristic roots of A are the roots 

with the correct multiplicity of the secular 

equation ,  ------- of A det (x-A) det(x-a)  dm (x-a)   dim(x+A) det (x-A) 

The ----------- of A are the roots with the 

correct multiplicity of the secular equation 

,det (x-A) of A root  multiple root   

characteristic 

roots   product roots

characteristic 

roots   

The characteristic roots of A are the roots 

with the correct multiplicity of the----------  ,  

det(x-A) of A linear equation secular equation     

non linear 

equation   

non-secular 

equation     secular equation     

A polynomial with coefficients which are -----

--------has all its roots in the complex field real number   

complex 

numbers rational number   

irrational 

number

complex 

numbers  

A polynomial with coefficients which are 

complex numbers has all its------ in the 

complex field root  multiple root   

characteristic 

roots   product roots root  

A polynomial with coefficients which are 

complex numbers has all its roots in the  --- real field    rational field    complex field    irrational field   complex field    

The  ----------T A(V) is said to be unitary if 

(uT,vT)=(u,v) for all u,vV

normal 

transformation

linear 

transformation unitary  

Nilpotent 

transformation

linear 

transformation 

The linear transformation T A(V) is said to 

be------------- if (uT,vT)=(u,v) for all u,vV

normal 

transformation

linear 

transformation unitary  

Nilpotent 

transformation unitary  

The linear transformation T A(V) is said to 

be unitary if (uT,vT)= for all u,vV (u,v)   uv      uT        vT (u,v)   

The ------------------- Ton V is unitary if and 

only if it takes an orthonormal basis of V into 

an orthonormal basis of V

normal 

transformation

linear 

transformation unitary  

Nilpotent 

transformation

linear 

transformation 

The linear transformation Ton V is unitary if 

and only if it takes an-------------- of V into an 

orthonormal basis of V basis   orthogonal basis      

orthonormal 

basis    normal basis    

orthonormal 

basis    

The linear transformation Ton V is unitary if 

and only if it takes an orthonormal basis of V 

into an -------- of V basis   orthogonal basis      

orthonormal 

basis    normal basis    

orthonormal 

basis    

TA(V) is unitary if and only if----------- TT*=1         TT*>1    TT*<1      TT*≤1    TT*=1         

TA(V) is --------- if and only if TT* =1

normal 

transformation

linear 

transformation unitary  

Nilpotent 

transformation unitary  

TA(V) is called harmitian if T*=T

normal 

transformation harmition unitary  

Nilpotent 

transformation harmition

TA(V) is called harmitian if ------------ T=T*         T=1    T≠T*      TT*=1      T≠T*    

If T A(V) isHermitian then all its --------- 

are real root  multiple root   

characteristic 

roots   product roots

characteristic 

roots   

If T A(V) isHermitian then all its 

characteristic roots are ------------ real complex rational irrational real 

If T A(V) is  --------- then all its 

characteristic roots are real 

normal 

transformation harmition unitary  

Nilpotent 

transformation harmition

If T A(V) is  --------- if TT*=T*T normal harmition unitary  Nilpotent normal 

If T A(V) is  normal if ------------ T=T*         T=1    T=T*      TT*=1      T=T*    

The Hermitian ----------------- T is non 

negative if and only if its characterstic roots 

are non negative

normal 

transformation

linear 

transformation unitary  

Nilpotent 

transformation

linear 

transformation 

The Hermitian linear transformation T is non 

negative if and only if its------------   are non 

negative root  multiple root   

characteristic 

roots   product roots

characteristic 

roots   

The Hermitian linear transformation T is non 

negative if and only if its characterstic roots 

are ------------ non negative negative rational irrational non negative

The Hermitian linear transformation T is ------

----if and only if its characterstic roots are 

non-negative   non negative negative rational irrational non negative
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