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Workshop on ‘Better Question Papers in Mathematics’

One of the important issues in higher education requiring special
attention is the relevance of the evaluation of students’ performance.
The University Grants Commission circulated a Minimum Programme of
Examination Reform in 1984. The Universities of Tamil Nadu in general
implemented these reforms At present in the University questlon
papers there are in general three sections. The first section is of
objective type or requiring one-word answers equally distributed over all
the units of the syllabus and are compulsory questions. The second
section requires short answers again made compulsory and equally
distributed over all the units. The third section consists of either/or
type questions for each unit of the syllabus. These questions require

long answers.

It is a known fact that these three types of questions naturally test
different abilities of the students. The autonomous colleges have
continuous internal assessment also. Therefore, it is necessary to
maintain a certain proportioh among these varioils components. But in
recent years there has been a tendency to give more importance to
objectxve type or one-word answer questions or’ memory recall type
questions. This naturally may lead to an unreliable assessment of the

knowledge and abilities of the students.

Hence, with a view to stuvdy the present trend in question paper
pattern and to chart out a plan of action, the Tamil Nadu State- Council
for Higher Education organised a workshop on “Towards Better Question
Papers” on 13t July 2002. This workshop suggested that a series of
workshops be conducted subjectwise, inviting as participants the
Chairmen and Members of the Boards of Studies. and question paper
setters. Based on this recommendation, the Tamil Nadu State Council
for Higher Education decided to conduct a series of two-day workshops

for each subject with the Chairmen and Members of Boards of Studies



and Members of the Boards. of Examiners (question paper setters) as

‘ participants.

The third workshop in this series on Mathematics was
conducted during 14-15 February 2003. The list of resource persons
and participants who participated in this workshop is given in

Annexure 1.

During the workshop, after brief introductory remarks by the
Resource Persons, highlighting the important issues pertaining to
preparation of question papers, the participants discussed the
framework for the model question papers with particular reference to
the subject of Mathematics. It was felt that even though the syllabus
has been unitized, the ﬁnits are not of equal size. Therefore, the
framework for the model question paper will have to be modified.
Thereafter, the participants divided themselves into groups and
prepared model question papers. The papers prepared by one group
was reviewed by the other groups and in the final session all the
participants along with the resource persons discussed the details of
the question papers and finalized 12 question papers which are given
in Annexures 2 to 13 along with the relevant syllabi. These model
question ~ papers were sent to participants to have their
comments/suggestions. The question papers were finalized by a small
group of faculty mémbers duly considering the comments. It is hoped
that these question papers will serve as models for preparation of
better question papers in Mathematics by the undergraduate question

paper setters.



'READING MATERIAL FOR THE PARTICIPANTS

. Towards More Purposeful Questions

. Examination Reforms at Undergraduate and Postgraduate
Programmes

. Towards Better Evaluation



. Annexure 1
Towards More Purposeful Questions

A self—léaming module for student teachers prepared by Dr. Raja
Ganesan was made available to the participants of earlier programmes.
Prof. Raja Ganesan has since then given that material for publication by
Neelkamal - Publications Pvt. Ltd. Hyderabad. As it has become a
copyright material it is not reproduced here. However, a write-up based

on that booklet is given below:

The questions in an examination are intended to test to what
extent the student Has learnt the subject. Therefore, the question paper
will have to contain a wide range of questions and test the following
abilities: |

1. Knowledge
1.1 Knowledge of Specifics
1.2 Knowledge of Ways and Means of Dealing with
Specifics

1.3 Knowledge of Universals and Abstractions

2. Comprehension
2.1 Translation
2.2  Interpretation
2.3 Extrapolation

3. Application
4. Analysis
4.1 Analysis of Elements
4.2 Analysis of Relationships
5. Synthesis o
5.1 Production of a Unique Communication
5.2 Production of a Plan or Proposed Action

5.3 Derivation of a Set of Abstract Relations



. 6. Evaluation
6.1 Judgement in terms of Internal Evidence

6.2 Judgement in terms of External Criteria

Dr. Raja Ganasan suggests the following procedure for preparation
of purposeful question papers: After generating a number of questions of
different categories, a table may be prepared indicating under what
category each quéstion falls. It is likely that the largest nuinber of items
may come under the category of Knowledge. The question paper can be
considered as purposeful if for every 10 Knowledge questions there are 3
to 5 questions under Comprehension and Application, 2 to 3 each under
Analysis and Synthesis and 1 or 2 under Evaluation. If there are
deficiencies, the exercise of the preparation of the items may have to be
repeated concentrating on those categories in which there is a deficiency.
Dr. Raja Ganesan also stresses that for competitive examinations, the
composition may contain more questions that test higher levels of
abilities.



Annexure 2

EXAMINATION REFORMS AT UNDERGRADUATE AND
' POSTGRADUATE PROGRAMMES

Dr. V. Thanickachalam

THE NATIONAL POLICY AS MODIFIED IN 1992 STATES THAT: ¢

Education is a unique investment in the present and future will be treated as a
crucial area of investment for National Development and Survival. .

Networking system will be established between technical education and indus-.
try, R&D institutions, programmes of rural and community development and with
other sectors of education with complementary characteristics.

Building of centres of excellence will be encouraged.

It is further envisaged that “India should become a de\ieloped nation by
2020%,

Hence, there is a need to update the existing curricula, revise the instructional
methods and modify the evaluation system in every under-graduate and post-
graduate programmes. '

TECHNICAL EDUCATION QUALITY IMPROVEMENT PROJECT OF GOVERNMENT OF
INDIASTATES THE FOLLOWING INFORMATION ON STUDENT EVALUATION [SEC.5.6;
P-24, YEAR 2002] :

STUDENT EVALUATION:
“Curﬁently due to regulations of affiliating Universities and Boards of Technical
Education student assessment follows a rigid pattern. Excessive importance is

given to end-of-semester or year-end examinations, while continuous assess-
ment of students is overlooked. In fact continuous assessment is to be well
designed to include regular tests, laboratory work, assignments, students self-
learning, student training in industry, students problem solving projects, and other
forms of students practices, it will encourage continuous learning and regular
feed-back to students”.

Based on the above statement, the following suggestions are made for the con-
sideration of “Tamil Nadu State Council for Higher Education”.
1. EXAMINATION PAPER PREPARATION:
Points to be considered:
1. Develop objectives for each unit/chapter/topic.
2. 'Prepare a table of specification for each course/subject.

3. Fix the ratio between objective test items and structured essay items. [20:80;
30:80; 40:60; 50:50]

4. Prepare objective test items; select items from each unit/chapter/topic based
~on hierchy of learning/higher order objectives.

4



10.
11.

12.
13.
14.

15.

16.

17.

i8.

19.
20.

21.
22,
23.
24.
25.

26.

Bring content validity.
Cover the complete course/subject.

Do not provide choice to omit chapters/units. Choice could be within the
units/ chapters.

Do not repeai old question papers.

Test all critical abilities / competencies which are essential to evaluate the
mastery.

For the structured essay items, write down the major question. Split it into
smaller / specific outcomes. Provide marking scheme.

Include high order abilities problem solving and cognitive strategies espe-
cially in the structured items.

Edit the items carefully.

Develop validated item banks.

Periodically add items and update the item banks.

For subjects / courses in Design and Drawing, provide full problems in de-
sign and drawing which may take 6 hours. Split the examination in to twe

sessions.

For post graduate programmes, more number of structured essay items could
be used which provide an opportunity to solve creative problems. .

Prepare model question papers for all courses.

Provide guidelines for continuous internal assessments and end examina-
tions of the UG and PG programmes.

Provide guidelines of the evlauation of dissertation / project work / viva-voce.
Provide guidelines for the evaluation of laboratory work and practical work.

Provide guidelines for the evaluation of field work, industrial training, and
students seminars.

Conduct orientation programmes to all examiners of UG and PG through Aca-
demic Staff Colleges.

Incorporate case studies, term papers, mini prejects for internal evaluation.
Evaluate self-learning through group discussions.
Evaluate the programmes at the end of each semester / year.

Conduct academic audit every year.



27. Conduct tracer study for each batch 1 year after completion of the programme.

28. Conduct impact studies for each batch.

FOCUS OF INTERNAL ASSESSMENT IN THE UNDERGRADUATE

PROGRAMMES:

1. Conduct monthly tests to evaluate the acquisition of knowledge.

2. Mastering the concepts and rules, problem-solving abilities, and application
of theories for prediction and verification.

3. Laboratory work for further exploration.

4. More field work; .sample collection and investigation.

5. Provide summer/ winter trai.ning in the field of specialisation.

6. Conduct student seminars so that they gain confidance in applying the intel-
lectual skills.

7. Invite the students to prepare term papers to increase their scholarship.

8. Development of mini-research work from proposal to publication.

9.

Technology assessment-search alternate technology.

FOCUS OF THE INTERNAL ASSESSMENT IN THE POST-GRAUDATE

STU DENTS

1. Literature survey on the édvancement of the selected research topics.
2. Bimonthly test on the mastering of the course(s) studies.

3. Mid-term test on the mastefy of the subject matter.

4. Solving case studies presented.

5. Evaluation of curient research articles.

6. ldentification of problems for research

7. Term paper in each subject.

8. Students seminar on selected advances in the theories.

9. Hoesearchlproposal on selected area of specialisation.

10. Field data collection, verification with the theories learnt.
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EVALUATION AND CONDUCT OF VIVA-VOCE:

Master’s Degree Dissertation / Thesis

Viva-Voce

Name of the Candidate :

Registration No.

Thesis Title
SL.No. Item Maximum Marks | Marks Awarded
(50)
1. Presentation of Theme, Objectives,
Methodology 5
2. Presentation of Analysis k 10
3. Presentation of Conclusion,
Suggestions etc. 10
4, Relevance & Likely Impact on the
Implementation 10
5. Proficiency, Completeness of
Answers to the Questions 10
6. Overall Performance 5
TOTAL 50
Internal Examiner External Examiner
Designation : ‘Name :
Address :

Date:




Name of the Candidate :

Registration No.

Master’s Degree Dissertation / Thesis Evaluation
(INTERNAL)

Thesis Title
Si.No. Item Maximum Marks | Marks Awarded
(100)
1. Introduction, Objectives and
Relevance 15
2. Review of Liferature 15
3. Research Methodology 20
4. Date Analysis and Interpretation 30
5. - Conclusion 10
6. Recommendations 5
7. Suggestions for further study 5
TOTAL 100
internal Examiner External Examiner
Designation : _ Name :
Address :

Date:




PROCESS TO BE FOLLOWED:

i) Revise the curriculum

i) Revise the model of question

iiif) Conduct workshops for the preparation of model

iv) Train the evaluators.



ANNEXURE 3

TOWARDS BETTER EVALUATION

Prof. S. Muthukumaran

1. Introduction

In recent years after the success of the entrance examinations conducted by the
Anna University, many an academic in this State has placed more and more reliance
~on the objective type questions. The scores in examinations with only objective type
questions have become very reliable in the sense that whoever may evaluate, the
candidate will get the same score. But it is to be recollected that the Government of
Tamil Nadu introduced the entrahce test when there existed a serious doubt about the
-objectivity of the oral tests then conducted to test the- suitability of the candidates to
join the professional courses. The entrance test was meant to replace the oral test and
that is all. It was definitely not meant to assess the knowledge and abilities of the
candidate in the relevant subjects at the +2 level. That is why the entrance test was
allotted a maximum of 100 marks, the +2 marks in the relevant ‘subjects was
calculated for a maximum of 200 marks and together the scores obtained for 300 was
used for ranking. Many academics have lost sight of the goal of evaluation of the
entrance examinations. The various issues involved in evaluating are discussed here
so as to arrive at a reliable instrument to test and evaluate the knowledge and abilities

of the students.

2. Types of Questions
The questions that are given in the usual examinations may be classified as
follows: '

~® Objective type
e Short Answer type and
s Leng Answer and Problem Solving type

3. Objective Type Questions
There are several varieties of objective type questions. They are listed in the
following:

. e True/False; Yes/No; Agree/Disagree
e Multiple Choice '
e Multiple facet
e Matching
e Rearrangement



In all these types of questions, the answers are also available. The candidate is

required to identify the answer.

In True/False, Yes/No and Agree/Disagree type questions, a statement is made
and the candidate is required to state whether the statement is true or false, the answer
is yes or no, or the candidate has to state whether he/she agrees/disagrees with the

statement.

In the multiple choice type, 3, 4 or 5 possible answers are given and the

candidate is required to identify the correct answer.

In the multiple facet type, a theme is presented, a series of multiple choice
questions are asked and the candidate has to comprehend the theme and answer the

questions by identifying the correct alternatives in the multiple choice questions.

In the matching type, the candidate is required to match two sets of
information provided. By putting together a number of multiple choice question a

matching item can be constructed.

In the rearrangement type, the candidate is required to put in order a randomly

presented material.

4. Short Answer Questions
These questions may be of the following types:
e Direct type
e Completion type ,
» * Few sentences, diagram and/or short calculation type
A direct question may require as an answer a word, a phrase, a sentence or just
anumber. In the second type the candidate is required to write a word or a phrase or a
sentence or just a number. The third type calls for a few sentences or a mathematical
" manipulation or drawing a diagram or a combination of these. Of course the

candidate has the freedom to present his answer in a manner he chooses.



- 5. Long Answer and Problem Solving
These are the familiar types of questions found $in general in the question
papers of yesteryears before the so-called examination reforms were introduced.
Long answer questions are generally used to test the higher order abilities. Problem
solving types may be close-ended or open-ended. In open-ended problem there may
be several possible solutions. Hence it may be more difficult to evaluate answers to

such types of questions. In other words the evaluation may be subjective.

6. Abilities
The most elementary level of ability is the ability to recall i.e.. a student
studies an essay or a chapter; he/she must be able to recall the same. Recalling does
not mean just repeating like a parrot. It needs the capacity to recall the appropriate
information which is the answer to the question raised. Objective type questions are
usually constructed to test the ability to recall the information. The multiple choice,
multiple face and matchmg type questions provide also the answer and the candldate

has to identify the same.

The higher order abilities are comprehension, application, analysis, synthesis
and evaluation. Comprehension may include translation, interpretation, manipulation
and extrapolation. By application, is meant the ability to solve problems involving
new situations other than those dealt with in the textbook. The problem may be
closed or open-ended. Analysis involves breaking into pieces or constituents the
information or situation as the case may be, in other words looking at the parts.
Synthesis involves putting together the several bits of information, ordering them,
preparing a plan, making a meaning out of the several pieces of information or
happenings. Evaluation Is judging the relevance, accuracy, etc. and taking decisions

or forming conclusions.

A person may be considered to be an educated person only if he/she possesses
all the foregoing abilities in a developed form. The level of development of these

abilities indicates the level of attainment of educational objectives.

Whereas knowledge, comprehension and application are dependent on the

amount of information gathered, analysis, synthesis and evaluation are independent of



the nature of information. In other words, methods of analysis, synthesis and
evaluation are independent of the subjects of study. It is the quality of the capacity to

analyse, synthesize and evaluate that determines the level of learning.

7 .hComparison of Different Types of Questions

Objective type questions are generally used for checking knowledge,
comprehension and application of the candidates. They are usually used for
screening. It is poSsible to test the fligher order abilities i.e., analysis, syntheéis and
evaluation by multiple choice questions. But it is extrerely difficult to construct such
items. In the one mark multiple choice questions that are usually asked in the
eﬁtrancc examinations, preliminary examinations for selection of candidates and also
in the school or college examinations, only the capacity to recall is tested. They may
not even test comprehension or application. But they may be highly reliable as far as
scores for these questions are concerned as the scoring does not depend upon the

subjective judgement of the paper valuers.

The short answer questions normally test knowledge, comprehension and
application. It may also test the ability to make precise statements. It eliminates the
possibility of guessing the answer and in this respect this type is superior to the
common objeétive type question. However, certain amount of subjectivity of the

teacher may influence the scoring.

In the long answer and problem solving type questions the higher order

abilities are usually tested. These are not to be used for testing the recalling capacity.

8. Requirements of a Good Evaluation

A true good evaluation will reflect the true abilities of the candidates. It
should discriminate good and poor students. In an ideal condition, the scores will
show a normal distribution.

If a candidate is given a score such as 50% then if the examinatioh was good,
it can be asserted that the candidate has 50% knowledge of the subjecet matter and the
ability expected of a candidate of that level. If the questions have tested only the
recalling ability of the candidate then the score reflects only his \capacity to recall and

does not reflect the other abilities. Hence the score is unreliable in the sense that the



. score does not truly indicate - the abilities .that * are expected from a
graduate/postgraduate of the‘University as the case may be. Or in othcr0w0rds, if the
final scoring is based on an examination with a substantial part consisting of the usual
objective type questions then the scoring may be exact but unreliable with reference

to the abilities of the individual.

If the questions are such that they do not test thc higher order abilities then
they will not discriminate the good against the poor student. In such a situation, the
candidates will all be having a high score, but in reality some of them may have very
poor higher order abilities. Then the evaluation will be unreliable and may even be
termed as farce. It is also doing injustice to the good students, as they will feel
cheated. If this sort of evaluation is continued over a long peridd, the students will all

become mediocre with only the ability to recall whatever is found in the textbook.

9. Concluding Remarks

From the foregoing it may be clear that giving more weightage to the ordinary
objective type questions may not make the results of evaluation truly reflect the
abilities of the candidates, since the objective type and short answer quéstions may
not test the higher order abilities of the candidates such as analysis, synthesis and
evaluation. The multiple choice questions normally allow guessing also. A wild
guess may prox}ide the right answer in 50% of the cases. Thus it may be seen if the
percentage marks allotted for objective type questions is 20, then a candidate who
knows 1/3" of the subject may be able to get upto (33% + (20—6)/2:)’40%. A
candidate who knows only 20% of the subject may be able to get only
(20 + (20-4)/2=) 28%. On the other hand, if the objective type carries a maximum of
50%, then even a candidate who has only 15% knowledge may be able to get (15 +
(50-8)/2=) 36% and hence pass by guessing the answers to the objective type

questions, even though he had no knowledge of that portion of the subject.

In view of the foregoing, in order to move towards better question papers, the
proportion of the objecti"ve type questions to other types may be as follows: O‘bjeective
type : Short answer : Long answer & Problem solving = 20 : 30 : 50. The questions in

the first two parts have to be compulsory. The questions in the third part i.e., long



answer and problem solving will have fo be either or type. The syllabi are to be

unitized and the questions are to be evenly distributed among the units.

In conclusion it is to be stressed that the examination score is to truly reflect
the abilities of the candidates and that is possible only if there is an appropriate mix of
different types of questions which test the different types of abilities that are expected

of the candidate who aspires to get a recognition from the examining authority.
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Annexure 2to 13

Model Question Papers for B.Sc., Mathematics

: Statistics‘
Complex Analysis

| Operétion Researéh
Numerical Methods
Calculus
Real Analysis

‘ Absfract Algebra

. Linear Algebra ~1

Linear Algebra — IT
Dynamics
. Differential Equations and its Applicaﬁon

Statics




10.

11.

1. STATISTICS

Time: 3 hrs
Max: 100 marks

Section A (10 x 2 =20 marks)

Answer ALL questions

For any two mutually exclusive events A and B, P(AUB) =

Given P(E,) and P(E,/E,), which one is numerically larger?
Define random variable.

If x and y are independent random variables, then E(x,y) =

If the mean and variance of a binomial distribution are 4 and 3
respectively, find the values of p and n.

The mode of a normal distribution is

State the properties of a good estimator.

if 0; andc 0, are two consistent estimators of Q and if Vav(6,) =4 and
Va¥(6,) = 2, which estimator is more efficient than the other?

Define type I error in test of significance.

Define standard error.

Section B (6 x 5 = 30 marks)

Answer ALL questions

(a)  State and prove Baye’s theorem on probability.
(or)
(b) A problem in statistics is given to three students A, B and C
whose chances of solving it are %, % and Y respectively. What
is the probability that the problem will be solved?



12.

13.

14.

15.

16.

17.

(a)
(b)

(a)
(b)

(a)

(b)

(a)

(b)
(a)

(b)

State and prove the additive property of MGF
(or)
The joint pdf of x and y is given by f{x,y) = fxy e **¥? ;x> o,
y=o
Test whether x and y are independent.

Find the mode of Poisson distribution.

(or) L
For the normal distribution N(p , - ) prove that p ,"
=1.3.5... @n-1) ™"

Obtain the mean and variance of student’s ‘t’ distribution with
‘n’ degrees of freedom.

(or)
Find the mode and Karl Pearson coefficient of skewness of the
chi-square distribution with n degrees of freedom.

Prove that in sampling from a normal population N(p , &M), the
sample mean is a consistent estimator of p
(or)

Explain the method of moments for estimation.

Random sample of 400 men and 600 women were asked
whether they would like to have a flyover near their residence.
200 men and 325 women were in favour of the proposal. Test
the hypothesis that proportions of men and women infavour of
the proposal are the same at 5% level.

(or)
A dice is thrown 60 times and the following results obtained.
Face : I 2 3 4 5 6
Frequency : 8 7 12 8 14 11

Test at 5% level whether the dice is an unbiased one.

Section C (5 x 10 = 50 marks)

Answer anv FIVE questions

State and prove the generalized addition theorem on probabilities.

2



18.

19.

20.

21.

22.

23.

24.

State and prove Tchebyche h’s inequality.

Define the cumulant generating function ky(t) and cumalants of the
random variable x. Also prove that k;=p,, ko=, ks=p3 and ps~=k, +
3k,

Prove that for normal distribution
QD:MD:SD=10:12:15

Derive the pdf of the F — Variable with (n;, n,) degrees of freedom.
State and prove C; ramer Rao inequality.

In random sampling from normal population N(p, ¢) find the MLE’s
for

(i)  p when ¢ is known

(ii) ~when p is known |

(ii1) the simultaneous estimation of p and o'

The height of six randomly chosen sailors are (in inches) : 63, 65, 68,
69, 71 and 72. Those of 10 randomly chosen soldiers are 61, 62, 65,
66, 69, 69, 70, 71, 72 and 73. Test whether the sailors are on the

average taller than soldiers.



Table of Specification

Programme: B.Sc (Mathematics) Course: Statistics
Qn.No Knowledge Comprehension | Application | Total
& Analysis
1 2 2
2 | 1 2
3 2 2
4 1 1 2
5 2 2
6 1 1 ‘ 2
7 2 2
8 2 2
9 2 2
10 2 2
11 a 2 3 5
b 1 1 3 5
12 a 2 3 5
b 1 1 3 5
13 a 2 3 5
b 5 5
14 a 5 5
b 1 1 3 5
15 a 1 1 3 5
b 5 5
16 a 2 3 5
b 5 5
17 2 3 5 10
18 2 3 5 10
19 2 3 5 10
20 2 8 10
21 2 3 5 10
22 2 3 5 10
23 3 7 10
24 2 2 ) 10
Total 40 43 77 160
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2. COMPLEX ANALYSIS

Time: 3 hrs
Max: 100 marks

Section A (10 x 2 = 20 marks)

Answer ALL guestions

If | z| <1/2, show that | (1+i)z’ + iz | <3/4.

Find the n™ roots of unity.

Verify f(z) =Z is differentiable or not.

Prove that f(z) = 3z-2 is uniformly continuous in | z | <10.
Is w = "%/, a bilinear transformation?

Define conformal and isogonal mappings.

If 1(c) is the length of the simple rectifiable arc C and if max | f(z) | on
¢ is M, show that | i f(z)dz | <m 1(c).

Show that ({ 1/z-a dz = 2ni where C is the positively oriented circle
with centre a.

Find the singular points of ~;‘,:;«/i\

Define the principle of argument.

Part B (6 x 5 = 30 marks)

Answer ALL questions

(a) Find the equation of the circle joining the points z; and z, as
diameter.

(or)
(b)  Determine the region defined by | z-1 | +| z+1 | < 4.

(a) ifu =7y — 3x’y, show that u is harmonic. Find the analytic
function f(z) = u + iv.

(or)
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(b) Obtain the sufficient conditions for a function to be
differentiable.

(a)  State and prove conformal mapping theorem.
(or)
(b)  Find the bilinear transformation which maps the points z = -1,
1, and respectively on w = -1, -1, i

(a)  State and prove Liouville’s theorem.
(or)
(b)  Evaluate [*/,,dzif C is
(1)  the positively oriented circle |z | =3
(i)  the positively oriented circle | z| =1

(a)  State and prove Rouche’s theorem
.= (or)
(b)  Evaluate | ““sisginer

(a)  Find the number of zeros of z' = 5z+ 1 =01in|z | =1.

(or)
(b)  Define removable singularity and give an example of a function
with a removable singularity and find the residue.

Part C (5 x 10 = 50 marks)

Answer any FIVE guestions

z-z.1 /

Give a geometrical interpretation of | “*'/,.,,| =a, arg (**'/,.2) = B

(a)  Show that f(z) = \/T;;i satisfies CR conditions at the origin but
it is not analytic here.
(b)  Show that U=¢" { (x*- y°) cos y + 2xy sin y } is harmonic

If f(z) is analytic, show that

() (&0 +3/0y’)y | f(z) [ =4If'(2) |
(i) (0% ox* +0%/oy*) log |f'(z) | = 0

(a)  Discuss the mapping w = sin z

(b)  Find the image of the semi — infinite strip x>0, 0<y<1 under the
transformation w = i/z. Sketch the strip and its image.
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