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- Logic and Scientific Method I Three hours |
Important: This question paper is provided to you in three languages Sinhala, Tamil and
English. Answer only in one language.

[ Answer five questions selecting at least one question from each of the parts I, II and IIL

N.B. Logical constants used in this paper are the following:
Negation: ~, Implication: —, Conjunction: A, Disjunction: v, Biconditional (Equivalence): <>

Candidates are advised not to use any other logical constants or symbols. Candidates should not
use theorems (e.g. De Morgan’s theorem) in the derivations except when the theorem itself has
| been proved by the candidate.

J

Part I

1. (a) Explain the following oppositions and give an example each.
(i) Opposition of contrary
(ii) Opposition of subcontrary
(iii) Opposition of contradictory

(iv) Opposition of subalternation (02 marks for each part)

(b) State whether the following inferences based on the opposition of propositions are valid or invalid.
(i) Since some students do not play some students do play.
(ii) It is false that all birds fly. Therefore it is not possible to determine whether no bird flies.
(iii) From some flowers have good scent it does not follow that some flowers do not have good scent.
(iv) If some students pass then there is the possibility that all students pass.(02 marks for each part)

(c) Convert the following proposition to their categorical form.

(i) If any one is a man then he is mortal.

(ii) Only those who do hard work are praiseworthy.

(iii) With the exception of one crow all crows are black.

(iv) All enemies, without a single exception, fled. (01 mark for each part)
2. (a) (i) Indicate, in terms of the rules of conversion why an O proposition cannot be converted.

(ii) Indicate in terms of the rules of contraposition, why an I proposition cannot be contraposed.
(03 marks for each part)

(b) Determine whether the following arguments are valid or invalid in terms of the rules of eduction. Where the argument
is invalid indicate the fallacy involved and where the arguments is valid indicate the correctly applied eduction.
(i) No clever one loses. Therefore some non-clever lose.
(ii) All students pass. Therefore no one who did not pass is a non-student.
(iii) Some dances are not pleasant. Therefore it is not the case that some dances are pleasant.
(iv) All songs are sweet. Therefore all sweet things are songs.
(v) All horses run fast. Therefore none which does not run fast is a horse. (02 marks for each part)

(c) Using the sentence “All examination candidates pass” as the base indicate the obversion of the propositions
A ELO. '

(04 marks)

s AR AN J

[see page two
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3. (a) Determine whether the following arguments are valid or invalid syllogisms. When the syllogism is invalid,
state the rule/ rules violated and the fallacy that occurs.

(i) Only men are wise.
Only the wise are lucky
Therefore only men are lucky.
(ii) Since Aristotle is both philosopher and a scientist, a philosopher is a scientist.
(iii) No painter is a scientist.
Some poets are painters.
Therefore some poets are scientists.
(iv) All rivers flow down.
The Mahaveli flows up.
Therefore the Mahaveli is not a river. (03 marks for each part)

(b) (i) For the fallacy of the illicit minor to occur it is necessary that the conclusion is a universal proposition.

Why?
(ii) For the fallacy of illicit major to occur it is necessary that the conclusion is a negative proposition.
Why? (04 marks for each part)

4. (a) Symbolize the following arguments in terms of classes and determine their validity using Venn diagrams.
(i) Dog barks.
Those which bark do not bite.
Therefore the dog does not bite.
(ii) Some philosophers have not written books.
Aristotle has written books.
Therefore Aristotle is a philosopher.
(iii) As coconut trees as well as palmyrah trees are tall.
Palmyrah trees are coconut trees.
(iv) Only students go to school.
Rama is a student.
Therefore Rama goes to school. (03 marks for each part)

(b) If you are given that “Some of those who are clever in studies are not good at games”, determine using
Venn diagrams, whether the following inferences are valid or invalid.
(i) There are ones who are clever in studies.
(ii) There are ones who are good at games.
(iii) Some of those who are good at games are not clever in studies.
(iv) There are those who are not good at games but clever in studies. (02 marks for each part)

Part II

5. (a) If it is given that “He goes abroad” is true, determine whether the following statements are true, false
or that their truth value cannot be determined. Give the shortest explanation for your conclusion. You may
symbolise the given statements, but not use truth tables.

(1) If he does not go abroad and stays in Sri Lanka, then if he does a job, he will become a rich man.

(ii) If it is given that only if he goes abroad, he goes to India either he goes to Delhi or he goes to
Madras. (02% marks for each part)

(b) Explain what is meant by a subsidiary derivation giving an example. (05 marks)
(¢) (1) Symbolize “This pen is mine but not yours” using a suitable scheme of abbreviation. Give a symbolic
sentence which is logically equivalent to the above sentence and show them to be equivalent by using

truth tables.
(ii) Symbolize the statement “If it rains, the river does not overflow is false”. Give a symbolic sentence
which is a contradictory given statement and show them to be contradictory by using truth tables.

(02% marks for each part)

[see page three
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(d) Using the given schemes of abbreviation, translate the symbolic sentences which follow into idiomatic
English.
(i) P -He passes the examination.
Q - She passes the examination.
R -He enters the university.
S - She enters the university.

(((P v Q)A ~ (P A Q)) - (R v S))

(i) P - Thefts increase.
Q -Murders increase.
R -The country becomes peaceful.
S -Men live happily.

((~ PA ~ Q) — (R A S)) (02% marks for each part)

6. Symbolize the following arguments and determine their validity or invalidity by the indirect method of truth
tables. i

(a) If the corpusculer theory is correct, then Newton is correct. If the wave theory is correct, then Huyghens
is correct. Of the corpuscular theory and the wave theory, both cannot be correct. Therefore either Newton
is correct or Hughens is correct.

(b) Either a war or a plague cripples the peoples’ life. If a war cripples the peoples’ life then a country does
not develop. If a plague cripples the peoples’ life, the future is risky. But the future is not risky. Hence
a war does not cripple peoples’ life.

(c) On the assumption that if the salaries are increased, the enthusiasm of the workers increases. If the enthusiasm
of the workers increases, then the productivity increases. Therefore if the salaries are increased, productivity
increases.

(d) If the school education system is revised, the workload of the school children increases. If the University
education system is revised, the workload of the university students increases. If the workload of the school
children increases, they will not be happy. If the workload of the university student increases, they will
also not be happy. Therefore if school children and university students are happy, then neither the school
education system nor the university education system has been revised. (05 marks for each part)

7. Prove the following theorems.
@ ((P>0)->((PvR)—>(2VR)
® (~(Pr~0) & (P-0))
© ((~Pr~0)—>(Po0))
@ ((@e8)—((PrQ) & (PAS))) (05 marks for each part)

8. Symbolize the following arguments and show them to be valid by deriving the conclusions from the premises.
(a) If there is heavy rain, then either there are floods or there are earthslips. If there are floods, then there
is loss of life. If there are earthslips, then there is damage to property. Therefore if there is heavy rain

there, either there is loss of life or there is damage to property.

(b) If swans are white or crows are black, then parrots are green. If lions are brave or tigers are cruel, then
deer are innocent. It is not the case that parrots are green or deer are innocent. Therefore it is not the
ease that swans are white or lions are brave.

(c) If agriculture is developed, then cultivations are successful and the farmers get a good income. Either if
cultivations are successful, the farmers are happy or if the farmers get a good income, they are happy.
Therefore if agriculture is developed, then the farmers are happy.

(d) If England or Pakistan wins the match, then South Africa or Australia loses. Neither South Africa nor
Australia lose. Therefore neither England nor Pakistan wins the match.
(05 marks for each part)

[see page four
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Part III

9. (a) (i) If the sentence, He or she goes home is false, determine using truth tables, the truth value of the

10.

11,

12

sentence neither he nor she goes home. (03 marks)
(ii) Distinguish between sound arguments and the arguments which are not sound. (03 marks)
(iii) Considering the sentence “The Gamarala and wife did not go to heaven” to be ambiguous, give two
symbolization of the sentence which bring up that ambiguity. (04 marks)

(b) Does the barber who shaves all and only those who do not shave themselves shave his? Explain the problem
that arises when this question is answered “Yes” or “No”. (04 marks)

(c) Are the following statements correct or incorrect? Restrict your answer to the words “Correct” or “Incorrect”.
(i) Although every sentences is a proposition every proposition is not a sentence.
(i1) In the Aristotelian mediate inference, there are two premises but in immediate inference there is only
one premise.
(iii) A class and its complement together exhaust the universe of discourse. (02 marks for each part)

Identify the fallacies in the following passages and explain briefly how each fallacy has occurred.
(a) Surgeons are clever at healing patients. If they are not, then they wouldn’t be surgeons.

(b) As she left home to go for the interview Mala met a person carrying an empty pot and she failed the
interview. If she had not met a person carrying an empty pot, she might have passed the interview.

(¢) Raja who informed the Head of the Institution that he expects his promotion without delay although he
had taken leave in excess of his due and had some minor negligences of his duties, went on to ask him
whether the Head expects Raja not to disclose the various corrupt activities of the Head known only to
Raja and not disclosed by him to anyone so far.

(d) T who had no job, joined in the thefts just to feed the fatherless children who were crying on hunger
actually did not do anything wrong and hence was not a person who should be punished.
(05 marks for each part)

Write short notes on four of the following:

(a) Pure hypothetical syllogism

(b) Analytic and synthetic propositions

(¢) Validity and truth

(d) Symmetrical and non symmetrical relations

(e) Formal logic and induction (05 marks for each part)

(@) (i) On the 22nd of January 2009 it rained in most areas in Sri Lanka.
(ii) The theft that Piyadasa committed on 10th February 2009 is very bad.

Explain the logical difference between these two types of statements. Show the nature of the evidence
that would be needed for the acceptance or rejection of statements. (10 marks)

(b) Write a brief note on any three of the types of evidence that come up in a court. (10 marks)
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Important: This question paper is provided to you in three languages Sinhala, Tamil and
English. Answer only in one language.

N J

Answer five questions selecting at least one question from each of the Parts 1, I and 111

Part I

1. Write down whether each of the folioWing statements is correct or incorrect.
(i) Francis Bacon said that proper method is to proceed from particular observations to generalizations.

(ii) At the dawn of modern science, Galileo showed that we could first get a generalization and then test
it against experience.

(iii) All empirical sciences are physical sciences.
(iv) No science can be a natural science and a social science.
(v) All biological sciences study animal life.
(vi) In Popperian terminology a falsifiable theory is a falsified theory.
(vii) If all the men that we have observed are mortal then it is certain that all men are mortal.
(viii) Induction cannot lead to some scientific generalizations.
(ix) A mango falling from a tree to the ground gives a direct verification of Newton’s theory of Gravitation.
(x) 2 + 2 = 4 is not empirically testable. '
(xi) Michael Faraday was an experimental physicist.
(xii) The principle of Uniformity of Nature is a basis of justification of inductive methodology.

(xiii) In survival by natural selection, Darwinian theory is speaking of the survival of the species rather
than that of the individuals.

(xiv) Historical materialism is one aspect of Marxist theory.

(xv) Either it will rain or it will not rain in Jaffna is a scientific statement in the Popperian sense.
(xvi) A tea spoon sometimes measures; sometimes it does not measure.
(xvii) ‘Sixty per cent of the citizens voted at the election’ is a universal generalization.
(xviii) An applied science can draw on more than one pure science.

(xix) The probability of an odd number turning up when a dice of six sides is thrown is 1.

(xx) The product of the median and the mean of the first five positive integers is 3. ;

(01 mark for each correct answer. Incorrect answers may carry minus marks.)

AN
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[see page two
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2. Two friends left the world famous Cavendish Laboratory of Cambridge University and went for lunch at
Eagle, a restaurant just across the road. The date was 28 February 1953. At the table, the older of the two
started boasting that the two of them had discovered the secret of life. The younger one, seeing that all others
lunching at this small place could hear this boast, was mentally uneasy. He had no doubt that DNA (Deoxyribo-
nucleic Acid) was the medium that living organisms use to transmit genetic information. But could there be
a flow in the model of DNA molecule that he and his friend assembled in their cramped office? A month
earlier even the world’s great chemist, Linus Pauling, their chief rival, looked silly when putting together his
own model!

We know today that there was no such mistake. The two friends were Crick and Watson. The elder was Francis
Crick, 36, still without a PhD, a physicist engaged in developing magnetic mines for the Navy during the
Second World War, now shifted to working on ‘biophysics’ at the Cavendish. He was a Britisher. The younger
was James Watson, of U.S.A, 24, a biologist now shifted to ‘biophysics’, a man who entered the Chicago
University at 15, and already had his PhD by 22, a bit of a ‘Whiz-kid’. The two couldn’t have been more
different. Crick was dapper and articulate. Watson was lean, carelessly dressed, with no social graces, and
appeared to Sir Lawrence Bragg, the Cavendish Professor, as a ‘man from Mars’!

The two, coming from different countries and backgrounds, were also new to the field. They were not experienced
lab scientists. Officially neither was working on DNA at all. One was a physicist shifted to biophysics; the
other a biologist shifted biophysics; both had big gaps in their knowledge of chemistry. And now they were
working, on the molecular structure of DNA, and that is more or less, high-level chemistry!

Inspired by Linus Pauling, the leading chemist, they believed in the potential of model building for analysing
molecular structure. But unlike today, computers that manipulate such models did not exist then. ‘Models had
to be visual; carefully measured, but cobbled together physically out of brass rods and sheet metal cut outs,
all propped up by retort stands and clamps.’

They were using X-ray diffraction techniques to get the data to understand the structure of this molecule. In
1952 Watson had already determined the structure of a protein and in 1953 he determined that the four organic
bases of DNA linked only in definite pairs. This helped to develop the Crick - Watson model of DNA consisting
of two matching chains of chemical bases, chains of repeating nucleotides; Adenine (A), Guanine (G), Cytosine
(C), and Thymine (T), the two strands wrapped around each other in a double helix, like a twisted ladder.
A forms hydrogen bonds with T and C with G. (When DNA is copied in the cell, strands separate and each
forms a template for a new complementary strand and this is the key to heredity.)

The strength of the Crick - Watson pair was as theoreticians. They argued with each other, demolishing each
others views, while taking them seriously. Crick was brutal in arguments, with a mind like a search light that
darted from problem to problem, but Watson had all the self-confidence of a ‘Whiz-kied’. ‘I saw no reason
to treat authority with much reverence ...” he said.

Like Newton, Crick and Watson were abrasive, and like Newton and Einstein, they tackled their task ‘by thinking
on it incessantly’.

DNA was discovered in 1871 and American Oswald Avery had shown in 1944 that genes were entirely made
of DNA. This is what excited Watson. How could such a monotonous molecule transmit such masses of genetic
data?

Two others, both Cambridge alumni, but working in London at the time, contributed to this discovery. They
were Maurice Wilkins and Rosalind Franklin. It was Rosalind Franklin’s X-ray photograph of DNA, shown
to Watson by Maurice Wilkins without Rosalind’s knowledge, that led to Watson’s deduction that the DNA
molecule was a three-dimensional helix. Later, after the model was developed, Wilkins carried out painstaking
X-ray analysis of DNA that confirmed Crick’s and Watson’s model. Crick, Watson and Wilkins shared the
Nobel prize for medicine in 1962. Rosalind died in 1958, perhaps the reason why she did not share the prize
(Nobel prize is awarded only to living recipients). Crick said Rosalind Franklin had a ‘good, hard, analytical
mind, really first-class’, but while she saw the importance of experimental work, she did not see the significance
of model-building.

The competitive spirit between Crick and Watson produced an epoch making result, but before they produced
the model some leading researchers in the field of DNA, surprised by their lack of chemical knowledge and
also thinking that model building was of no use, called Crick and Watson, ‘Scientific clowns’. But made of
stern stuff, the duo were not put off by such comments, and ultimatly they won the battle.
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Answer the following questions.

(i) Discuss the different types of models used by scientists and identify the type of model that Crick and
Watson developed as giving the structure of DNA molecule. (06 marks)

(ii) “Hard experimental data are necessary but not sufficient for break through in frontier problems in current
science. Imagination, theorising, insight and intuition have to be coupled with experiment.” Use the above
story to illustrate this observation. (05 marks)

(iii) “The general effort of many researchers in the field as well as knowledge and methods drawn from different
disciplines go into major developments in contemporary science. All traditional basic sciences, Physics
Chemistry and Biology are integrated in the DNA research”. How far does the above story reflect this?

(05 marks)

(iv) “Lack of specialized expertise and less respect for authority might help at the frontier, but one must be
focused and have a little luck.” Show that the DNA breakthrough above makes a case for this non traditional
view of scientific method. (02 marks)

(v) “Lies, propaganda ... Anything goes” said Feyerabend on methodology. Make your observations on whether
the key X-ray photograph taken by Rosalind Franklin being shown to Watson by Wilkins without Franklin’s

knowledge amounts to a fraudulent activity”. (02 marks)
3. (a) (i) Explain the concept of natural observation in methodology. (02 marks)
(ii) Are instruments used in natural observation? (02 marks)

(b) Discuss in what sense the observational data obtained
(i) using microscopes and telescopes

(ii) using hearing aids
(iii) by seeing (and hearing) a live cricket match on television

could be regarded as given by natural observation. (06 marks)
(c) “Observational data are constructed by us.” Comment on this. (04 marks)
(@) (i) What is the physical principle about mercury used in the mercury thermometer? (02 marks)
(ii) How are the Celsius and Fahrenheit temperature scales constructed? (04 marks)

4. A - Eighty per cent of the patients in this ward are malnutrition cases.
B - Eighty per cent of liver cases are due to alcohol consumption.

(a) What type of generalizations are A and B ? (02 marks)

(b) Are they explanatory hypotheses? (02 marks)

(c) In each case of explanatory hypothesis what type of explanation is involved? (02 marks)

(d) Explain the covering law model of explanation. (06 marks)

(¢e) (i) What are theoretical objects? (04 marks)
(ii) What are the theoretical objects used in (o) atomic theory (B) kinetic theory of gases.

(02 marks)

(iii) What is the type of verification used for hypothesis having theoretical objects. (02 marks)

Part II

S. (a) If he gets an Oxford or Cambridge education then and only then he gets a good job. The probability of his

getting admission to Oxford is 3 and the probability of his getting admission Cambridge is %
5
(i) Suppose he prefers Oxford and applies to his preferred Oxford first but if he does not get admission

there, then he applies to Cambridge. What is the probability of his getting admission to one of them
if he follows this procedure? (05 marks)

(i) Suppose he prefers Cambridge and applies to his preferred Cambridge first but if he does not get
admission there then he applies to Oxford. What is the probability of his getting admission to one
of them if he follows this procedure? . (05 marks)
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(b) Is there a difference in his chances of getting a good job whether his preferred place is Oxford or Cambridge,
on the above basis? (02 marks)

(¢) Let getting admission to Oxford be the event A and getting admission to Cambridge be the event B and
let P(A) and P(B) be their respective probabilities. The sample space of A (ie. different possibilities of
his getting to Oxford) and the sample space of B (different possibilities getting to Cambridge), may not

be mutually exclusive. If P(Au B) is the probability of his getting admission to Oxford or Cambridge
and P(Am B) the probability of his getting admission to Oxford and Cambridge, write down an equation

3 2
expressing P(AU B) in terms of P(A), P(B) and P(An B). Substituting P(A) = 5 and P(B)=§,
calculate the probability of his getting a good job. (08 marks)

Statistics aims at summarizing data, minimising effect of error, and where possible, finding correlations. Explicate
this view considering the use of concepts of mean, median, mode, mean deviation, standard deviation, and
measures of correlation. (20 marks)

(a) Field surveys are increasingly used by social sciences to gather data. Outline how you would plan and
execute a field survey of the housing problem in the suburbs of Colombo. (10 marks)

(b) Quantification of data and use of mathematial techniques has been widely used in Economics. Examine
whether compared to other social sciences the subject matter of Economics is more adaptable to quantification
and mathematizatoin. (10 marks)

“The great difficulty in the social sciences (If we may presume to call them so) of applying scientific method,
is that we have not yet established an agreed standard for the disproof of an hypothesis. Without the possibility
of controlled experiment, we have to rely on interpretation of evidence ..., we can never get a knock-down
answer”. - Joan Robinson (Economic Philosopy, p.26)

Discuss, carefully bringing out the essence of what Prof. Robinson says examining the key ideas that she uses.

(20 marks)
Part III
(a) Write a note on the contribution of Albert Einstein to contemporary Physics. (10 marks)
(b) What was the contribution to science of two of the following?
(i) August Kekule
(ii) Alan Turin
(iii) Laplace (05 marks for each)

(a) Give a brief account of the rise of Behaviourist Psychology in the early twentieth century. (10 marks)
(b) Write notes on two of the following.

(i) Applications of DNA research in Medicine and Crimiology

(ii) Artificial Intelligence

(iii) Contribution of David Ricardo ) (05 marks for each)

(a) Outline the deductive verificationist methodology of science and critically assess it. (10 marks)

(b) Give an account of the sequence of stages that a science goes through as outlined by Thomas Kuhn. Expound
the features of Kuhnian ‘Normal Science’ and ‘Scientific revolutions’. (10 marks)

(a) “The moral issues that science has created for itself are enormous”. Discuss. (10 marks)
(b) Is there scientific evidence for rebirth? (10 marks)




