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Scope: On successful completion of course the learners gain about the linear transformations, 

homomorphism, isomorphism and  its  properties. 

 

Objectives: To enable the students to learn and gain knowledge about rings, subrings, vector spaces, 

subspaces, algebra of subspaces, isomorphism and its  properties. 
 

UNIT I 

RINGS 

Definition and examples of rings - Properties of rings - Subrings - Integral domains and fields - 

Characteristic of a ring. Ideal - Ideal generated by a subset of a ring - Factor rings - Operations on ideals 

- Prime and maximal ideals. 

 

UNIT II 

RING HOMOMORPHISMS 

Ring homomorphisms - Properties of ring homomorphisms - Isomorphism theorems I, II and III - Field 

of quotients. 

 

UNIT III 

VECTOR SPACES 

Vector spaces - Subspaces - Algebra of subspaces - Quotient spaces - Linear combination of vectors - 

Linear span - Linear independence - Basis and dimension - Dimension of subspaces. 

 

UNIT IV 

LINEAR TRANSFORMATIONS 

Linear transformations - Null space - Range - Rank and nullity of a linear transformation – Matrix 

representation of a linear transformation - Algebra of linear transformations. 

 

UNIT V 

ISOMORPHISM 

Isomorphism theorems -Invertability and isomorphisms - change of coordinate matrix. 

 

SUGGESTED READINGS 

 

TEXT BOOK 

 

1. Fraleigh.J.B., (2004). A First Course in Abstract Algebra , Seventh  Edition , Pearson  Education Ltd, 

Singapore. 

 

REFERENCES  

1. Joseph A. Gallian., (2013).  Contemporary Abstract Algebra, Fourth Edition, Narosa 

    Publishing House, New Delhi. 

 

2. Kumaresan S., (2000). Linear Algebra- A Geometric Approach, Prentice Hall of India, New 

    Delhi. 

 

 



III B.Sc Mathematics                            PHYSICS PRACTICAL – I    

 

Prepared By Dr.N.Padmanathan,  Asst Prof, Dept of Physics KAHE Page 1 
 

DIAGRAM 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



III B.Sc Mathematics                            PHYSICS PRACTICAL – I    

 

Prepared By Dr. N.Padmanathan Asst Prof, Dept of Physics KAHE  Page 2 
 

1. YOUNG’S MODULUS – NON UNIFORM BENDING PIN AND 
MICROSCOPE 

Expt No:01 
 
AIM 
To find  the Young's modulus of the given material bar by  non uniform bending using pin 
and microscope method. 
 
APPARATUS 
  
Pin  and  Microscope arrangement, Scale ,Vernier calipers, Screw gauge, Weight hanger, 
Material bar or rod. 
  
THEORY 
 Young’s modulus is named after Thomas Young,19th century ,British scientist. In solid 
mechanics, Young’s modulus is defines as the ratio of the longitudinal  stress over 
longitudinal strain, in the range of elasticity  the Hook’s law holds (stress is directly 
proportional to strain). It is a measure of stiffness of elastic material. 
If a wire of length L and area of cross-section 'a' be stretched by a force F and if a change 
(increase) of length 'l' is produced, then 

 
Non Uniform Bending Using Pin and Microscope 
  
Here the given beam(meter scale) is supoorted symmetrically on two knife edges and loaded 
at its centre. The maximum depression is produced at its centre. Since the load is applied 
only one point of the beam, the bending is not uniform through out the beam and the 
bending of the beam is called non- uniform bending.  
In non-uniform bending (central loading), the Young's modulus of the material of the bar is 
given by 

      
 
I is the moment of inertia of the bar. 
For a rectangular bar, 

 
Substituting (4) in (3) 
In non uniform bending, the young’s modulus of the material of the bar is given by, 
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OBSERVATIONS   
 
Value    of   1 M.S.D        =         1/20 
Number of divisions on the vernier, n = 50 
Least count of microscope = 1 m.s.d/n = 1/1000 = 0.001 cm 
 
 

 
 

 
CALCULATIONS  
 
Thickness of the material  bar “d”   =          ……………………….. mm. 
Breadth of the material bar “b”      =       ……………………………cm. 
Mean value of l3/e                           =        ………………………….m. 
Load applied for depression     “e”       =       ………………………… m. 

Young’s modulus of the material  bar ,  =       …………………………N/m2. 
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m - Mass loaded for depression. 
 
g - Acceleration due to gravity. 
 
l  -  Length between knife edges. 
 
b -  Breadth of the bar using vernier calipers. 
 
d - Thickness of the bar using screw gauge. 
 
e - Depression of the bar. 
  
PROCEDURE  
  

1. Select the environment and material  for doing experiment. 
2. Choose mass, length , breadth and thickness of the material bar using sliders on the right 

side of the simulator . 
3. Fix the distance between knife edges. 
4. Focussing the microscope and adjusting  the tip of the pin coincides with the point of 

intersection of the cross wires using left  and top  knobs on microscope respectively. 
5. Readings are noted using the microscope reading for 0g. Zoomed part of microscope scale is 

available by clicking the centre part of the apparatus in the simulator. Total reading of 
microsope is MSR+VSR*LC. MSR is the value of main scale reading of the microsope 
which is coinciding exacle with the zero of  vernier scale. One of the division in the vernier 
scale coincides exactly with the main scale is the value of VSR. LC is the least count. 

6. Weights are added one by one say 50g, then pin moves downwards while viewing through 
microscope. Again adjust the pin such that it coincides exactly with the cross wire. 

7. The readings are tabulated and  Y is determined using equation (2). 
 

 From graph can be calculated.  
 

  
RESULT 
 
Young's modulus of the given material using non uniform bending method 
=...................................Nm-2. 
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DIAGRAM  

 

 

 

 

 

 

 

 

 

 

 

 

OBSERVATIONS: 

       To draw graph : 
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2. MEASUREMENT OF ACCELERATION DUE TO GRAVITY (G) BY A 
COMPOUND PENDULUM 

Expt No 02  

AIM 

 To determine the acceleration due to gravity (g) by means of a compound 
pendulum. 

APPARATUS 

 (i) A bar pendulum, (ii) a knife–edge with a platform, (iii) a sprit level, (iv) a precision stop 
watch, (v) a meter scale and (vi) a telescope. 

FORMULA 

Acceleration of gravity, g= 4π2(2kG/Tmin
2)  

 

PROCEDURE 

(i) Suspend the bar using the knife edge of the hook through a hole nearest to one end 
of the bar. With the bar at rest, focus a telescope so that the vertical cross-wire of the 
telescope is coincident with the vertical mark on the bar. 

 

(ii) Allow the bar to oscillate in a vertical plane with small amplitude (within 40 of arc). 
 

(iii)Note the time for 20 oscillations by a precision stop-watch by observing the transits 
of the vertical line on the bar through the telescope. Make this observation three 
times and find the mean time t for 20 oscillations. Determine the time period T. 

 

(iv) Measure the distance d of the axis of the suspension, i.e. the hole from one of the 
edges of the bar by a meter scale. 

 

(v) Repeat operation (i) to (iv) for the other holes till C.G of the bar is approached where 
the time period becomes very large. 
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   To find the value of 'g' :  
  
 
 

  
  
 CALCULATION 

 

 To find the radius of gyration and the acceleration of gravity (step 3 above): 
  
Radius of gyration about the centre of mass kG = EF/2 = ................. 
. 
Acceleration of gravity, g= 4π2(2kG/Tmin

2) = ...................... 
  
     To find the radius of gyration (step 4 above): 
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RESULTS: 

 Average acceleration of gravity, g= 4π2(l/T2) = ..................  m/s2    
1) Average radius of gyration of the pendulum about its centre of mass, 

kG =  ..................  m 
2) Mass of the pendulum M =  ..................  Kg 
3) Moment of inertia of the pendulum about its centre of 

mass, IG=MkG
2 =  ..................  Kgm2        
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DIAGRAM 

 

Fig.6.4 Spectrometer – Angle of Prism 

 

 

 

 

 

 

 

 

 

 

 

Fig.6.5 Angle of Minimum Deviation 
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3. DETERMINATION  OF DISPERSIVE POWER OF A PRISM USING 
SPECTROMETER 

Expt No.03 

AIM 

 To determine the dispersive power of a given prism for any two prominent lines of 
the mercury spectrum. 

APPARATUS 

 A spectrometer, mercury vapour lamp, prism, spirit level, reading lens etc. 

FORMULAE 

1. Refractive index of the prism for any particular colour 













 



2
sin

2
sin

A

DA

  

where A = Angle of the prism in (deg) 

      D = Angle of minimum deviation for each colour in (deg) 

2. The dispersive power of the prism is 

1
2

21

21







 







  

where 1 and  2 are the refractive indices of the given prism for any two colours. 

PROCEDURE 

Part I : To determine the angle of the prism (A) 

1. The initial adjustments of the spectrometer like, adjustment of the telescope for the 
distant object, adjustment of eye piece for distinct vision of cross –wires, levelling 
the prism table using spirit level, and adjustment of collimator for parallel rays are 
made as usual. 

2. Now the slit of the collimator is illuminated by the mercury vapour lamp.  

3. The given prism is mounted vertically at the centre of the prism table, with its 
refracting edge facing the collimator as shown in figure (6.4) (i.e.) the base of the 
prism must face the telescope. Now the parallel ray of light emerging from the 
collimator is  incident on both the refracting surfaces of the prism. 

4. The telescope is released and rotated to catch the image of the slit as reflected by one 
refracting face of the prism.  
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OBSERVATIONS 

LC = 
VSondivof.No

MSDoneofValue = '1
30

'30
  

Table 6.7: To determine the angle of prism (A) 

LC = 1’      TR = MSR + (VSC LC) 

Position 

of the 
reflected 

ray 

Vernier –A 

 

Vernier-B 

 

MSR 
degree 

VSC 
div 

T.R 

degree 

MSR 

degree 

VSC 

div 

T.R 

degree 

 

 

 

 

 

Left side 

 

   
 

 

 

 

 

(R1) 

   

 

 

 

 

 

(R3) 

 

 

 

 

 

Right 
Side 

   

 

 

 

 

 

(R2) 

   

 

 

 

 

 

(R4) 

  

2A =(R1R2) =  


2

RR
A 21   

A= 

 

2A =(R3R4) =  


2

43 RR
A


  

A= 

  
                                                                               Mean A = 
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5. The telescope is fixed with the help of main screw and the tangential screw is 
adjusted until the vertical cross-wire coincides with the fixed edge of the image of 
the slit. The main scale and vernier scale readings are taken for both the verniers.  

6. Similarly the readings corresponding to the reflected image of the slit on the other 
face are also taken. The difference between the two sets of the readings gives twice 
the angle of the prism (2A). Hence the angle of the prism A is determined. 

Part 2 : To determine the angle of the minimum deviation (D) and Dispersive power of 
the material of the prism 

1. The prism table is turned such that the beam of light from the collimator is incident 
on one polished face of the prism and emerges out from the other refracting face. 
The refracted rays (constituting a line spectrum) are received in the telescope Fig. 
6.5. 

2. Looking through the telescope the prism table is rotated such that the entire spectrum 
moves towards the direct ray, and at one particular position it retraces its path. This 
position is the minimum deviation position. 

3. Minimum deviation of one particular line, say violet line is obtained. The readings of 
both the verniers are taken.  

4. In this manner, the prism must be independently set for minimum deviation of red 
line of the spectrum and readings of the both the verniers are taken.  

5. Next the prism is removed and the direct reading of the slit is taken.  

6. The difference between the direct reading and the refracted ray reading 
corresponding to the minimum deviation of violet and red colours gives the angle of 
minimum deviation (D) of the two  colours. 

7. Thus, the refractive index for each colour is calculated, using the general formula. 

 

2/Asin
2

DA
sin



  

 and Dispersive power of the prism. 

1
2

21

21
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 To determine the angle of the minimum deviation (D) and Dispersive  
power of the material of the prism: 

Direct ray reading (R1) : Vernier A :                         Vernier B: 

LC = 1’                                                                 TR = MSR + (VSC LC) 

Line 

Refracted ray readings when the prism is 

in minimum deviation position(R2) 

Angle of 
minimum 
deviation 

(D) ( = R1 ~ R2) 
Mean 

D 
Vernier –A Vernier -B 

Vernier 
–A 

degree 

Vernier-
B 

degree 
MSR 

degree 

VSC 

div 

TR 

degree 

MSR 

Degree 

VSC 

div 

T.R 

degree 

 

Violet          

Red          

 

        Mean (D) : 

 

 

 

 

 

 

 

Result 
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 The dispersive power of the material of the prism is ------------- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DIAGRAM 
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OBSERVATION 
Least count of vertical scale = 0.1 cm.  
Table for load and extension 

 S
erial Load (g) Reading of the scale Extension x 

No.   while (cm) 

  Loading  Unloading  

1      

2      

3      

4      

5      

 

4. DETERMINATION OF SPRING CONSTANT  OF THE GIVEN 
SPRING 

Expt No:04 
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AIM 
To find the force constant of a helical spring by plotting 

graph between load and extension.  
 
APPARATUS  

Spring, a rigid support, slotted weights, a vertical wooden scale, a fine 
pointer, a hook. 
 
THEORY  
When a load F suspended from lower free end of a spring hanging from 
a rigid support, it increases its length by amount x, 

then     F a x  

or F= k x, 

where k is constant of proportionality.  
It is called the force constant or the spring constant of the spring. 
 
PROCEDURE 
  
1. Suspend the spring from a rigid support. Attach a pointer 

and a hook from . free end.  
2. Hang a 20 g hanger from the hook.  
3.Set the vertical wooden scale such that the tip of the pointer 

comes over the scale.  
4. Note the reading of the position of the tip of the pointer on the scale. Record 

the reading in loading column against zero load. .  

 
 
 
 
 
 
 
 
 
 
 
CALCULATIONS 

From graph, 
 

k =……………… gwt per cm. 
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Gently add a 20 g slotted weight to the hanger. The pointer tip moves down. Wait 
for few minutes till the pointer tip comes to rest. Repeat step 4. 

6. Repeat steps 5 and 6 till five slotted weights have been added. 
7. Now remove one slotted weight. The pointer tip moves up. Repeat 

step 6. Record the reading in unloading column.  
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Laser Source

Screen

0
1

1

Grating

8. Repeat step 8 till only hanger is left. 
Record your observations as given below. 

RESULT 

The force constant of the given spring is …………. g wt per cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DIAGRAM 
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 Experimental Setup for Laser Grating 

 

 

 

 

 

 

 

 

 

 

 

5. DETERMINATION OF LASER PARAMETERS – DIVERGENCE 
AND WAVELENGTH FOR A GIVEN LASER SOURCE USING LASER 

GRATING 

Expt No:05 

AIM 

 To determine the divergence and wavelength of the given laser source 
using standard grating. 
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APPARATUS  

 Laser source, grating, a screen etc., 

PRINCIPLE 

 When a composite beam of laser light is incident normally on a plane 
diffraction grating, the different components are diffracted in different directions.  
The mth order maxima of the wavelength λ, will be formed in a direction θ if d sin 
θ = mλ, where d is the distance between two lines in the grating. 

FORMULA 
1. The angle of divergence is given by 

  
)dd(2

)aa(

12

12




  

 where a1 = Diameter of the laser spot at distance d1 from the laser source 

                      a2 = Diameter of the laser spot at distance d2 from the laser source 

2. The wavelength of the laser light is given by 

   m      
sin 

  
Nm

m   

where  m  = Order of diffraction 

 θn  =      Angle of diffraction corresponding to the order m 

 N  = number of lines per metre length of the grating 

 θ  =  tan-1 (x/D)  

 x  = Distance from the central spot to the diffracted spot (m) 

D  = Distance between grating and screen(m) 

OBSERVATION 
Determination of wave length of Laser Light: 

Distance between grating and screen ( D) =  -----------  m 
Number of lines per metre length of the grating = N = -------------- 

S.No 
Order of 

Diffraction (m) 

Distance of Different 
orders from the Central 

Spot 

(x) m 

Mean 

(x) m 

Angle of 
diffraction 

 = tan 1[x / 

 

Nm

m
sin
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Left Right D] Å 

      

 

 

 

 

 

 

 

 

CALCULATION 

The angle of divergence   

a1 = Diameter of the laser spot at distance d1 from the laser source  = 
a2 = Diameter of the laser spot at distance d2 from the laser source  = 

)dd(2
)aa(

12

12




  

The wavelength of the laser light 

 m  = Order of diffraction      = 

θn  =      Angle of diffraction corresponding to the order m = 

N  = number of lines per metre length of the grating =  

θ  =  tan-1 (x/D)     =  

x  = Distance from the central spot to the diffracted spot (m) = 

D  = Distance between grating and screen(m)   =  

                                            m      
sin 

  
Nm

m   

PROCEDURE 

Part 1: Determination of angle of divergence 

1. Laser source is kept horizontally. 
2. A screen is placed at a distance d1 from the source and the diameter of the spot 

(a1) is measured. 
3. The screen is moved to a distance d2 from the source and at this distance, the 

diameter of the spot (a2) is measured. 
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Part 2: Determination of wavelength 

1. A plane transmission grating is placed normal to the laser beam. 
2. This is done by adjusting the grating in such a way that the reflected laser 

beam coincides with beam coming out of the laser source. 
3. The laser is switched on.  The source is exposed to grating and it is diffracted 

by it. 
4. The other sides of the grating on the screen, the diffracted images (spots) are 

seen. 
5. The distances of different orders from the central spot are measured. 
6. The distance from the grating to the screen (D) is measured. 
7. θ is calculated by the formula θ = tan-1 (x/d). 
8. Substituting the value of  , N and m in the above formula, the wavelength of 

the given monochromatic beam can be calculated. 

 

RESULT 

1. The angle of divergence is = -----------. 

2. The wavelength of the given monochromatic source is = -----------  Å 
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KARPAGAM ACADEMY OF HIGHER EDUCATION 

(Deemed to be University Established Under Section 3 of UGC Act 1956) 

Coimbatore – 641 021. 

 
LECTURE PLAN 

DEPARTMENT OF MATHEMATICS 

 

Staff name: U.R.Ramakrishnan   

Subject Name: Ring Theory and Linear Algebra I   Sub.Code:17MMU501A 

Semester: V       Class:  III B. Sc Mathematics 

 

S.No Lecture 

Duration 

Period 

Topics to be Covered Support Material/ Page Nos 

UNIT-I 

1.  1 
Definition and examples of rings R1: Ch 12, 237-239 

2.  1 
Continuation of examples on rings R1: Ch 12, 237-239 

3.  1 Properties of rings R1: Ch 12, 239-240 

4.  1 Tutorial-1  

5.  1 Theorems on sub rings R1: Ch 12, 241-242 

6.  1 Integral domains R1: Ch 13, 249-250 

7.  1 Theorems on fields R1: Ch 13, 250-251 

8.  1 Tutorial-2  

9.  1 Characteristic of a ring R1: Ch 13, 251-252 

10.  1 Theorems on ideal R1: Ch 13, 252-253 

11.  1 Theorems on ideal generated by a subset of a 

ring 
R1: Ch 13, 253-254 

12.  1 Tutorial-3  

13.  1 Definition and examples on factor ring R1: Ch 13, 254-245 

14.  1 Theorems on factor rings R1: Ch 14, 262-263 

15.  1 Operations on ideals R1: Ch 14, 262-263 

16.  1 Tutorial-4  

17.  1 Theorems on prime ideals R1: Ch 14, 264-266 
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18.  1 Theorems on maximal ideals R1: Ch 14, 264-266 

19.  1 Problems on maximal ideals R1: Ch 14, 267-268 

20.  1 Tutorial-5 R1: Ch 14, 268-269 

21.  1 Recapitulation and Discussion of possible 

questions 
 

 Total No of  Hours Planned  For  Unit 1=21  

 

1.  1 
Definitions and examples on ring 

homomorphisms 
R1: Ch 15, 280-281 

2.  1 
Theorems on ring homomorphisms R1: Ch 15, 281-282 

3.  1 
Tutorial-1  

4.  1 
Continuation of theorems on ring 

homomorphisms 
R1: Ch 15, 282-283 

5.  1 
properties of ring homomorphisms R1: Ch 15, 283-284 

6.  1 
Continuation of properties on ring 

homomorphisms 
R1: Ch 15, 284-285 

7.  1 
Tutorial-2  

8.  1 Continuation of properties on ring 

homomorphisms 
R1: Ch 15, 285 

9.  1 Continuation of properties on ring 

homomorphisms 
R1: Ch 15, 285-286 

10.  1 
Isomorphism theorem I T1: Ch 7, 301-302 

11.  1 
Tutorial-3  

12.  1 
Isomorphism theorem II T1: Ch 7, 303-305 

13.  1 
Continuation of isomorphism theorem II T1: Ch 7, 303-305 

14.  1 
Isomorphism theorem III T1: Ch 7, 306-309 

15.  1 
Tutorial-4  

16.  1 
Continuation of isomorphism theorem III T1: Ch 7, 306-309 

17.  1 
Theorems on field of quotients T1: Ch 7, 309-310 

18.  1 
Theorems on field of quotients T1: Ch 7, 310-311 
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19.  1 
Tutorial-5  

20.  1 
Recapitulation and Discussion of possible 

questions 
 

  

Total No of  Hours Planned  For  Unit II=20 

 

UNIT-III 

1.  1 
Introduction to Vector spaces R1: Ch 19, 345-346 

2.  1 
Theorems on subspaces R1: Ch 19, 346-347 

3.  1 
Tutorial-1  

4.  1 
Continuation of theorems on subspaces R1: Ch 19, 347-348 

5.  1 
Theorems on spaces R1: Ch 19, 348-349 

6.  1 
properties of subspaces T1: Ch 6, 283-284 

7.  1 
Tutorial-2  

8.  1 
Theorems on algebra of subspaces T1: Ch 6, 285-286 

9.  1 
Theorems on quotient spaces T1: Ch 6, 287-288 

10.  1 
Theorems on linear span T1: Ch 6, 289-290 

11.  1 
Tutorial-3  

12.  1 
Theorems on linear independence T1: Ch 6, 291-292 

13.  1 
Theorems on basis and dimension T1: Ch 6, 293-294 

14.  1 
Theorems on dimension of subspaces  

15.  1 
Tutorial-4 T1: Ch 6, 294 

16.  1 
Theorems on dimension of subspaces T1: Ch 6, 295-296 

17.  1 
Recapitulation and Discussion of possible 

questions 
 

  

Total No of  Hours Planned  For  Unit III=17 

 

UNIT-IV 

1.  1 
Linear transformations-Definition and examples T: Ch 2, 33 
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2.  1 
Tutorial-1  

3.  1 
Theorems on linear transformations R1: Ch 9, 212-213 

4.  1 
Theorems on null space R1: Ch 9, 214-215 

5.  1 
Continuation of theorems on null space R1: Ch 9, 217-219 

6.  1 
Tutorial-2  

7.  1 
properties of null space R1: Ch 9, 220-223 

8.  1 
Theorems on range R2: Ch 11, 320-323 

9.  1 
Theorems on rank of a linear transformation R2: Ch 11, 324-325 

10.  1 
Tutorial-3  

11.  1 
Theorems on nullity of a linear transformation R2: Ch 11, 326-327 

12.  1 
Theorems on matrix representation of a linear 

transformation 
R2: Ch 11, 327-329 

13.  1 
Continuation of theorems on matrix 

representation of a linear transformation 
R2: Ch 11, 330-332 

14.  1 
Tutorial-4  

15.  1 
Theorems on algebra of linear transformations R2: Ch 11, 333-334 

16.  1 
Continuation of theorems on algebra of linear 

transformations 
R2: Ch 11, 335-337 

17.  1 
Continuation of theorems on algebra of linear 

transformations 
 

18.  1 
Tutorial-5  

19.  1 
Recapitulation and Disscussion of possible 

questions 
 

 Total No of  Hours Planned  For  Unit IV=19  

UNIT-V 

1.  1 
Isomorphism theorems R2: Ch 12, 340-343 

2.  1 
Isomorphism theorems R2: Ch 12, 344-345 

3.   
Tutorial-1  
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4.  1 
Isomorphism theorems R2: Ch 12, 346-347 

5.  1 
Isomorphism theorems R2: Ch 12, 348-349 

6.  1 
Theorems on invertibility and isomorphisms R2: Ch 12, 350-353 

7.   
Tutorial-2  

8.  1 
Theorems on invertibility and isomorphisms R2: Ch 12, 354-355 

9.  1 
Theorems on invertibility and isomorphisms R2: Ch 12, 356-357 

10.  1 
Theorems on change of coordinate matrix R2: Ch 12, 358-359 

11.   
Tutorial-3  

12.  1 
Theorems on change of coordinate matrix R2: Ch 12, 360-361 

13.  1 
Theorems on change of coordinate matrix n R2: Ch 12, 362-363 

14.  1 
Theorems on change of coordinate matrix n R2: Ch 12, 362-363 

15.  1 
Tutorial-4  

16.  1 
Recapitulation and Discussion of possible 

questions 
 

17.  1 
Discussion of previous year ESE questions  

18.  1 
Discussion of previous year ESE questions  

19.  1 Discussion of previous year ESE questions  

 Total No of  Hours Planned  for  unit V=19  

 Total Planned Hours-96  

 

SUGGESTED READINGS 

 

TEXT BOOK 

  

1. David M. Burton, (2007). Elementary Number Theory, Sixth Edition, Tata McGraw‐Hill,  

    Delhi. 

 

REFERENCES 

 

1. Neville Robinns, (2007). Beginning Number Theory, 2nd Ed., Narosa Publishing House Pvt. 

    Ltd., Delhi. 

2. Neal Koblitz., (2006).A course in Number theory and cryptography,Second Edition, 

    Hindustan Book Agency, New Delhi.  
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UNIT-I 

SYLLABUS 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

RINGS 

Definition and examples of rings - Properties of rings - Subrings - Integral domains and fields 

- Characteristic of a ring. Ideal - Ideal generated by a subset of a ring - Factor rings - 

Operations on ideals - Prime and maximal ideals. 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 

CLASS: III B. Sc MATHEMATICS        COURSE NAME: Ring Theory and Linear Algebra-II 

COURSE CODE: 17MMU501A                         UNIT: I                              BATCH-2017-2020 
 

Prepared by U.R.Ramakrishnan, Asst Prof, Department of Mathematics KAHE Page 2/20 
 

 

RINGS 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 

CLASS: III B. Sc MATHEMATICS        COURSE NAME: Ring Theory and Linear Algebra-II 

COURSE CODE: 17MMU501A                         UNIT: I                              BATCH-2017-2020 
 

Prepared by U.R.Ramakrishnan, Asst Prof, Department of Mathematics KAHE Page 3/20 
 

Examples of Ring 
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Properties of Rings: 
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Subrings: 
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Integral Domain: 
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Field: 

 

 

Corolary: 
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Characteristics of Rings: 
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Factor Ring: 
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Prime ideal and Maximal ideal: 
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UNIT-II 

SYLLABUS 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ring homomorphisms - Properties of ring homomorphisms - Isomorphism theorems I, II 

and III - Field of quotients. 
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UNIT-III 

SYLLABUS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vector spaces - Subspaces - Algebra of subspaces - Quotient spaces - Linear combination 

of vectors - Linear span - Linear independence - Basis and dimension - Dimension of 

subspaces. 
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UNIT-IV 

SYLLABUS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Linear transformations - Null space - Range - Rank and nullity of a linear transformation – 

Matrix representation of a linear transformation - Algebra of linear transformations. 
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Matrix Representation on Linear Transformation 
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Isomorphism theorems -Invertability and isomorphisms - change of coordinate matrix. 
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PART-A(20X1=20 Marks) 

Answer all the Questions: 

1. Every subgroup of Z is ____________ of Z. 

(a) right ideal (b) left ideal (c) ideal   (d) both (a) and (b) 

2. If I is an ideal R then I is ________ of R. 

(a) ring (b) integral domain (c) sub ring   (d) unique ideal 

3. Which of the following is/are field? 

(a) Z  (b) Q, R, C (c) Zp (d) both (b) and (c) 

4. The number of ideals of Z8Z30 _________ 

(a) 30  (b) 38  (c) 32  (d) 36 

5. If R is commutative ring with identity then every maximal ideal 

of R is ________ 

(a) Ideal(b) minimal ideal   (c) prime ideal (d) sub ring 

6. Which of the following is not true? 

(a) 2Z is prime ideal of Z (b) 5Z is prime ideal of Z  

(b) m > 1 then is prime ideal of Z   

(d) m > 1 then is not prime ideal of Z 

7. A characteristic of ring (R, +, .) is _________  

(a) Positive integer  (b) negative integer  

(c) order of a ring  (d) least positive integer 

8. If  f : Z20Z20 then the number of ring homomorphism is 

_______ 

(a) 5  (b) 4  (c) 0  (d) 1 

9. Which of the following is Boolean ring _________ 

(a) Q            (b) R      (c) (P(S), ∪,∩)      (d) (P(S), ∆,∩) 

10. A ring R is said to be commutative if _________ 

(a) ab = ba (b) ab ≠ 𝑏𝑎 (c) a2 = b2 (d) a2 ≠  b2 

11. A commutative skew field is called _________ 

(a) Sub ring (b) ring  (c) integral domain (d) field 

12. Any _________ integral domain is a field 

(a) infinite      (b) finite (c) skew (d) non skew 

13. A homomorphism of a ring into its self is called a _________ 

(a) monomorphism  (b) epimrphism   

(c) endomorphism  (d) isomorphism 

14. The only idempotent element of an integral domain are_____ 

(a) 0 and prime    (b) 0 and 1 (c) primes (d) units 

15. R is a sub ring of __________ 

(a) Q  (b) Z  (c) C  (d) N  

16. The number of unit in the ring (Z,+,.) is _______ 

(a) 2  (b) 1  (c) 3  (d) 4 

17. The rings {0}and R  are sub ring of the any ring  R.{0} is called 

_____sub ring of R 

(a) infinite (b) singleton  (c)  trivial (d) Non trivial 

18. The ring of Gaussian integer Z [ i ] = {a+ bi \ a, b ∈ Z}    

is________ 

(a) Ring with zero divisor (b) an integral domain  

(c) Not an integral domain (d) both (a) and (b) 

19. A ring nZ is a __________ 

(a) Ideal      (b) right ideal      (c) left ideal    (d) maximal ideal 

20. The characteristic of  Z n  is  __ 

(a) 0  (b) n  (c) 1  (d) 2  

 

PART-B (3X2=6 Marks) 

Answer all the Questions: 

21. Define Characteristic of a ring R. 

22. Write an example of right ideal but left ideal. 

23. Define Kernel of homomorphism. 
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PART-C (3X8=24 Marks) 

Answer all the Questions: 

24. (a) Prove that Zn is an integral domain if and only if n is prime. 

(OR) 

(b) Prove that if R is a ring with identity then set of all units in R  

      is a group under multiplication. 

25. (a) Prove that any field is an integral domain. Also discuss for      

      the converse part of the statement. 

(OR) 

(a) Prove that if R is a commutative ring with identity then an  

      ideal M of R is maximal if and only if R/M is a field. 

26. (a)  Prove that the fundamental theorem of homomorphism. 

(OR) 

(b) Prove that if R is a commutative ring with identity then every  

      maximal ideal is a prime ideal. 
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PART-A(20X1=20 Marks) 

Answer all the Questions: 
1. Number of units in R is ___________ 

           (a)  finite       (b) countable        (c) infinite         (d) uncountable 

2. The set of all units in a ring R is _________ under  multiplication  

(a) ring    (b) group   
(c) both a and b   (d) neither a nor b 

3. Field is _________ 

 (a) commutative  (b) skew field  

 (c) neither a nor b  (d) both a and b 

4. The set of all matrices of the form (
𝑎 𝑏
0 0

) where 𝑎, 𝑏 ∈

𝑄 𝑖𝑠 ___________ 

 (a) commutative  (b) with unity    
(c) neither a nor b  (d) both a and b 

5. Which of the following is a field? 

 (a) Z  (b) nZ  (c )n+Z  (d) Q   

6. Number of identity elements exists in a ring is _____________  

 (a)  0   (b) 2   (c) 3   (d) 1 

7. The set of all units in a ring R is not a group under 

______________ 

 (a) addition   (b) multiplication  

(c) both a and b   (d) neither a nor b 

8. Skew Field is  also called as ______________ 

(a) integral domain  (b) division ring  

(c) neither a nor b  (d) both a and b 

9. The set of complex number C is ___________ 

 (a) integral domain  (b) field    

(c) neither a nor b  (d) both a and b 

10. Which of the following is a field? 

 (a) Z  (b) nZ  (c) n+Z  (d) R  

11. Number of identity elements exists in a ring of integers is ______ 

 (a)  0   (b) 2   (c) 3   (d) 1 

12. 1 and -1 are the only units of  _________ 

 (a) Z  (b) nZ  (c) n+Z  (d) R 

13. Number of binary operations involved in vector space is 

___________ 

(a) 0  (b) 1                  (c) 2                     (d)  22 

14. 𝑍𝑛  is a  ____________ 

 (a) commutative ring         (b) ring with unity     

(c)  both a and b             (d)  neither a nor b 

15. 𝑀2(𝑍) is a _______________ 

           (a) non commutative ring    (b) ring with unity    

(c) both a and b              (d)  neither a nor b 

16. Which one of the following is not true_________ 

(a) set of all polynomial over F[x]  (b) C is vector space over R 

(c) R is vector space over R (d) R is vector space over C 

17. The value of (𝛼 + 𝛽)(𝑣) is ________ 

(a) vector  (b) Scalar (c) both (d) neither nor 

18. Dimension of any two basis in a vector space is_______ 

(a) Same (b) different (c) twice (d) not related 

19. Dimension of a polynomial with degree n is _______ 

(a) n  (b) n+1  (c) n-1  (d) 2n  

20. The dimension of 𝑚 × 𝑛 matrices set is ______ 

(a) m+n  (b) m-n  (d) mn  (d) m or n 

PART-B (3X2=6 Marks) 

Answer all the Questions: 

21. Define a basis. 

22. Define epimorphism. 

23. Define linear span. 
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PART-C (3X8=24 Marks) 

Answer all the Questions: 

24. (a) State and prove first theorem isomorphism of rings. 

(OR) 

(b) Let 𝑉  be vector space over a field F. Prove that a non-empty 

subset 𝑊  of V is a subspace if and only if  𝑢, 𝑣 ∈ 𝑊 and 

𝛼 , 𝛽 ∈ 𝐹 ⇒ 𝛼𝑢 + 𝛽𝑣 ∈ 𝑊 

25. (a) Let H be a nonempty subset of a vector space V. Then prove 

that H is a subspace of V if and only if H is closed under addition 

and scalar multiplication. 

(OR) 

(b) Prove that the field of quotients  F of an integral domain D is  

the smallest field containing  D 

26. (a) Let 𝑆 = {𝑣1, 𝑣2, … , 𝑣𝑛} be a linearly independent set of vectors 

in a vector space V over a field 𝔽 then prove 𝐿(𝑆)can be uniquely 

written in the form 𝛼1𝑣1 + 𝛼1𝑣2 + ⋯ + 𝛼𝑛𝑣𝑛, where 𝛼𝑖 ∈ 𝔽. 

(OR) 

(b) Let 𝑓: ℤ → ℤ𝑛   be defined by 𝑓(𝑥) = 𝑟 if 𝑥 = 𝑛𝑞 + 𝑟, 

0 ≤ 𝑟 < 𝑛. Prove that f is a homomorphism 
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PART-A(20X1=20 Marks) 

Answer all the Questions: 
1. Dimension of any two basis in a vector space is_______ 

(a) Same (b) different (c) twice (d) not related 

2. If T is a linear transformation , then T(0)=…………. 

(a) 0  (b) 1  (c) 2  (d) 3 

3. Let V& W be vector spaces over the field F. A linear 

transformation from V into W is a function T from V into W such 

that T(cu+v)=…………. for all u,v in V and all scalars c in F. 

(a) T(u)+T(v) (b) cT(u)+cT(v) (c) T(u)+cT(v) (d) cT(u)+T(v) 

4. Every …………….. transformation is a linear transformation. 

(a) matrix (b) row  (c) column (d) unit 

5. The set of all vector space-homomorphisms of V into itself ------- 

(a) Hom(V,W) (b) Hom(W,V) (c) Hom(V,V) (d) Hom(W,W) 

6. A linear transformation on V,over F is an element of  ----------- 

(a) AF(W) (b) BF(V) (c) AF(V) (d) WF(V) 

7. An element T in A(V) is  called -------------- if there exists an S in 

A(V) such that TS =1. 

(a) both invertible  (b) right-invertible 

(c) right-invertible  (d) invertible 

8. The  ----------T in A(V) is said to be unitary if (uT,vT)=(u,v) for 

all u,v in V 

(a) normal transformation (b) linear transformation 

(c) unitary   (d) Nilpotent transformation 

9. If V is finite dimensional and ------------ there is an SÎA(V) such 

that E=TS ¹0 is an idempotent 

(a) T>0  (b) T=0  (c) T ≠0 (d) T<0 

10. Dimension of a polynomial with degree n is _______ 

(a) n  (b) n+1  (c) n-1  (d) 2n  

11. The ------------- W of V is invariant under T in A(V) if WT 

contained W. 

(a) subspace (b) space (c) field  (d) sub field 

12. The element 𝜆in  F is a characteristic root of T in A(V) if and only 

if for some ------- in V, vT=𝜆v. 

(a) 𝜆=0  (b) 𝜆 ≠0  (c) v=0  (d) v≠0 

13. The Hermitian ----------------- T is non negative if and only if its 

characterstic roots are non negative. 

(a) normal transformation (b) linear transformation 

(c) unitary   (d) Nilpotent transformation 

14. Any subset of a lineary independent set is …………….... 

(a) linearly dependent  (b) linearly independent 

(c) linear    (d) non linear 

15. Any set which contains a lineary dependent set is …………….... 

(a) linearly dependent  (b) linearly independent 

(c) linear    (d) non linear 
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16. The subset consisting of the…………….. vector alone is a 

subspace of V, called zero subspace of V. 

(a) zero  (b) unit  (c) unit  (d) infinite 

17. A product of invertible ……………. is invertible 

(a) matrices (b) functions (c) vectors (d) equations 

18. A polynomial with coefficients which are complex numbers has 

all its roots in the  ------------- 

(a) real field   (b) rational field  

(c) complex field  (d) irrational field 

19. If T ÎA(V) isHermitian then all its characteristic roots are -------- 

(a) real  (b) complex (c) rational (d) irrational 

20. The dimension of 𝑚 × 𝑛 matrices set is ______ 

(a) m+n  (b) m-n  (d) mn  (d) m or n 

 

PART-B (3X2=6 Marks) 

Answer all the Questions: 

21. Define rank of a linear transformation. 

22. Define isomorphism. 

23. Define direct sum of two sub spaces. 

PART-C (3X8=24 Marks) 

Answer all the Questions: 

24. a) Let 𝑆 = {𝑣1, 𝑣2, … , 𝑣𝑛} be a linearly independent set of vectors 

in a vector space V over a field 𝔽 then prove 𝐿(𝑆)can be 

uniquelywritten in the form 𝛼1𝑣1 + 𝛼1𝑣2 + ⋯ + 𝛼𝑛𝑣𝑛, where 

𝛼𝑖 ∈ 𝔽. 

(OR) 

b) State and prove basis theorem. 

25. a) State and prove fundamental theorem of homomorphism of 

linear transformations  

(OR) 

b) Let 𝑉 and 𝑊 be two vector spaces. Suppose 𝑇 ∶  𝑉 →  𝑊 is a 

linear transformation. Then prove the following  

i)  𝑇(0)  =  0.  

ii) 𝑇(−𝑣)  =  −𝑇(𝑣) for all 𝑣 ∈  𝑉. 

28. a) State and prove fundamental theorem of homomorphism of 

linear transformations 

(OR) 

b) State and prove rank theorem 
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