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SECTION-A
There are FOUR questions in this section. Answer any THREE.

1. (a) Define reciprocal set of vectors. Find set of vectors reciprocal to the set of vectors
i+2j+3k, 3i- j+k and 3i+2j-5k. (12)

- - -
(b) Examine whether the vectors 5a + 6b + 7c, 7a - 8b + 9c and 3a + 20b + 5c are

linearly independent or dependent, where a,b,c are non coplanar. (12)
(c) Prove vectorially that the median of a triangle meets in a point which is the

trisection of median. (11)

- -
2. (a) Ifaxr = b+}.£i and a'r = 3, where a = 2i + j-k and b = -i -2j+k, find I, and

f. (11)
(b) Find the directional derivative of the scalar function /(x,y,z)= X2y2z2 at the point

(I, I, - I) in the direction of the tangent to the curve x = e' , y = 2 sin t + I, z = t - cos t . (12)

(c) Find div{ax (rx a)}, where I' = xi + yj + zk , and a is a constant vector. (12)

3. (a) Find the work done when a force F = (2x + y)i + (3y:'" x)j moves a particle in xy-

plane from (0,0) to (2,0) and then to (3,2). (15)
(b) Evaluate IfF. Ii dS , where F = 18zi -12j +3yk and S is the part of the plane

s
2x +3y + 6z = 12 which is located in the first octant. (20)

4. (a) Use Green's theorem to evaluate the integral H(XY+ y2)dx+ x2dy], where C is the
c

closed curve of the region bounded by y = x and y = x2
• (10)

(b) State Gauss's divergence theorem and verify it for t = 4xi - 2y2 j + z2k taken over

the region bounded by the cylinder x2 + y2 = 4, z = 0 and z = 3 . (25)

SECTION - B

There are FOUR questions in this section. Answer any THREE.

5. (a) Using only elementary row transformations to reduce A to I, find the inverse of A
when (17)

I 2
-I -4

A=
2 -7
I 6

-2 -I
4 0
4 -7
-5 I

!
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(b) Reduce A =

1 2
3 1
4 -3

3 -2

-1 2

',-2 -I
I I
o -1

to the normal form B and hence find rank. (18)

(14)

6. (a) Express the following system oflinear equations in echelon form and then solve: (14)
2x, +3x2 +5x3 +x, = 3
3x, +4x, +2x3 +3x, =-2

x, +2x, +8x3 -x, = 8
7x, +9x2 +x3 +8x, = 0

(b) For what values of I" the following system of linear equations have (i) a unique

solution (ii) no.solution and (iii) more than one solution:

x-3z=-3
2x+},y-z=-2

x+2y+A.z=I..
. [3 0]

(c) If A =[~lB =.[-1I 0] and C = -02 : then verify that (ABC)'" = c'BT
AT. (7)

7. (a) Show that the quadratic form q=5x,2+4x;+15xi+14x2x3+6x,x2+16x3x, is
positive semi-definite and find a non-trivial set of values of x,, x2' x3 which makes the

form zero. (17)
(b) State Cayley-Hamilton theorem and using this theorem find A", where (18)

[
1 2 3]

A= 2 -1 1 .
3 I 1

8. (a) Find a matrix P that diagonalizes A and determine p" AP where

A = [_22 -31 ~] .
2 0 4

(b) Find the characteristics polynomial for the matrix A, where

(20)

(15)

A=

2 1 0 0
o 200
o 0 2 0
o 0 0 5

.,
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SECTION-A

There are FOUR questions in this section. Answer any THREE questions including question

no. I as compulsory. Symbols indicate their usual meaning.

1. Read the following passage carefully and answer all the questions given below:

Man are not made in the same mould, like a lot of bricks. It would have ill-suited the

wants of the world if it had been so. Conseque~tly, even in the same country, men

differ in disposition, and inclination and manners and opinion, more probably than they

do in face on form. And between the people of different countries the contrast is even

more striking. We have then, also different sentiments, different sympathies, different

hopes, different ways all together. It will always be so. So long as there are different

minds, there will be different views on all matters that admit of opinion. So long as

there are different degrees or latitude and longitude, as well as differing circumstances

there will be different interests, different attachments and different habits. It behoves

us, therefore, to cultivate a generous spirit of forbearance towards those, of whatever

race, who may think differently and act differently, from ourselves. Even though we

may be convinced that they are wrong, if we know them to be' sincere, we should still

bear with them and give them credit for their sincerity.

This is the virtue of toleration .on bearing with others when we may differ from them,

or may not like their ways. Toleration should be shown in all differences of opinion on

even the highest matters of life and death; and it is these of more value than anywhere

else. When we cannot agree with one about a point of science, or philosophy, or faith,

we can at least agree to differ from him, and there is an end. We must always

remember that we are all likely to make mistakes and possess weakness, and that we

ourselves need the same forbearance and sympathy. We are, besides, all of the same

human brotherhood, and should, "like brothers, agree".

Questions:

(a) What promotes differences among men?

(b) Amid all differences how does society remain coherent?

(c) What attitude do we need to form to make us sociable?

(d) What is the central concern of this piece of writing?

(e) "We can at least agree to differ from him" - What is the significance of this

statement?

(f) Give the meanings of the followings words as use in the passage: Disposition,

inclination, longitude, cultivate, forbearance.

Contd P/2
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2.

3.

4.

(a) Explain the process of communication with a diagram.

(b) Write a complaint letter to the manager of a firm informing him about the

construction materials which they have supplied were found defective.

(c) Write phonetic transcriptions of the following words: (Any five).

Enrich, son, donate, think, pleasure, cottage.

(a) Discuss in brief different types of report.

(b) Write a dialogue between two passersby about the sufferings caused by the frequent

road repairing projects in Dhaka.

(c) Write a short essay on any ONE of the following topics:

(i) Technology and Education
(ii) Youths of Today Leaders of Tomorrow
(iii) Alienation and Modem Man

(a) Transform the following sentences as directed: (Any five)

(i) The people believed that the trial was a big grace. (Make it Simple)
(ii) His enterprises failed to lessen his pain. (Compound)
(iii) He paid off his father's debts. (Complex)
(iv) It was much regretted that he was absent.( Simple)
(v) I wish your success. (Complex)
(vi) A relationship needs to be tended to like a plant. (Compound)

(b) How does sales letter convert a reader into a customer?

(c) Write short notes on any THREE of the following:

(i) Diphthongs
(ii) Components of a formal report
(iii) Principles of business letter writing
(iv) Tips for dialogue writing

SECTION - B

(10)

(10)
(10)

(10)

(10)
(10)

(10)

(5)
(15)

There are FOUR questions in this section. Answer question NO.5 and any TWO from the

rest. Symbols indicate their usual meaning.

5. (a) Explain with reference to the context any two of the following:

(i) "All I knew that I was stuck between my hatred of the empire I served and my

rage against the evil-spirited, little beasts who tried to make my job impossible."

(ii) "Perhaps they knew where we were going to; and Perhaps not."

(iii) "It will do you good to sit down for a while and chat with me."

(b) Answer anyone of the following:
(i) Write a critical appreciation of the short story' An Astrologer's Day'.
(ii) Give your views about imperialism in the light of the story "Shooting an
Elephant".

(15)

(15)

o"I.;
.1.
"
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(c) Answer any three of the following: (15)
(i) Is the title of the story "Fire on the Mountain" justified?
(ii) Why could not Guru Nayak recognize the astrologer?
(iii) How does Paul learn the great importance of money?
(iv) What underlying message do you get from the story 'Shooting an Elephant'?

6. (a) Recast and Correct any ten of the following sentences: (15)
(i) Mrs. Mina was an alumnus of BUET.
(ii) We had a large amount of students on hard for the rally.
(iii) [ was disinterested in the story.
(iv) Soup and salad are too light a lunch
(v) Walt Whitman occupies a most unique place in literature.
(vi) It was them who was to do the work.
(vii) Its a long way home.
(viii) Last week our clergyman reminded us that living the upright life was a

discipline.
(ix) He is something better today.
(x) Illiteracy is when a man cannot read or write.
(xi) He didn't speak but once.
(xii) There was a maverick beside the bush which the cowboy lassoed.

(b) Give the meanings of and make a sentences with any TEN of the following words: (15)
Alluring, Brandish, Conjecture, Glossary, Dubious, Exorbitant, Flicker, Tiptoe, Hasty,
Intuitive, Menace, peek.

7. (a) Amplify the idea lying in any ONE of the following statements: (30)
(i) The grass is always greener on the other side of the fence.
(ii) He who follows two hares catches neither.

8. Write a precise of the foilowing paragraph with a suitable title (30)
People moan about poverty as a great evil; and it seems to be an accepted belief that if
people had plenty of money, they would be happy and useful and get more out of life.
But, as a rule, there is more genuine satisfaction in life and more obtained from life in
the humble cottage of the poor than in the palaces of the rich. [ always pity the sons
and daughters of rich men, who are attended by servants. It is because I know how
sweet and pure the home of honest poverty is, how free from care and social envies and
jealousies, how loving and united its members are in the common interest of supporting
the family that I congratulate the poor man's son. It is for those reasons that from the
ranks of the poor so many strong, eminent, self-reliant men have always sprung and
must spring. It seems to be a matter of universal desire that poverty should be
abolished. But to abolish honest, industries, self-denying poverty would be to destroy
the soil upon which a still higher civilization than it now possesses.
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SECTION-A

There are FOUR questions in this section. Answer any THREE.

I. (a) Why Lorentz transformation equations (LTE) are important in special theory of relativity?

Derive LTE and the corresponding velocity transformation equations when moving frame

moves along the positive X axis only. (22)

(b) The mean life-time of muons at rest is found to be about 2.2 x 10-6 s, while the mean life

time in a burst of cosmic rays is found to be 1.5 x 10-5 s. What is the speed of these cosmic

ray muons? (6)
(c) Show that a mass-less particle with a speed less than that of light can have neither energy

nor momentum. (7)

2. (a) Why do we need quantum theory to explain the results of photo-electric effect and

Compton effect? (9)
(b) Derive an expression for wavelength shift and explain the conditions for the glancing and

head on collisions. (18)
(c) Find the de Broglie wavelength of (i) 46 gm golf ball with a velocity of 30 mis, and (ii)

electron with a velocity of 107 m/s. Using this explain the wave particle duality. (8)

3. (a) What are the basic properties of a nucleus? Why electron cannot stay inside the nucleus? (8)

(b) State radioactive decay law and derive an expression for mean life for a radioactive

specimen. (17)

(c) Discuss the importance of nuclear power plant in Bangladesh. The lodine-129 isotope has

a half-life of 15.7 years. In a nuclear power plant accident, I Kg of the isotope is spread into

the surroundings of the plant. How much of the iodine isotope will remain in the

surroundings after 10 and 100 years? (10)

4. (a) What is meant by the neural axis and bending moment of a bearri? (5)

(b) What are the basic assumptions for the theory of bending? Obtain an expression for the

bending moment of a thin uniform bar of circular cross-section. (23)
(c) A steel wire of I mm radius is bent in the form of a circular-arc of radius 50 cm.

Calculate the bending moment of the wire. Young's modulus for steel = 2 x 1012 dynes/cm2
. (7)
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SECTION -B

There are FOUR questions in this Section. Answer any THREE.

5. (a) Write short note on: (i) Rate of flow of a liquid and (ii) Various forms of energy

possessed by a fluid in motion.

(b) Describe a venturi meter. Derive an expression for the rate of flow of a liquid through a

(5+5)

pipe line. (6+12)

(c) A horizontal tube has different areas of cross-section at two points 'P' and 'Q'. The

diameter at 'P' is 0.04 m and the diameter at "Q" is 0.02 m. When a liquid of density 800

kg/mJ flows through the tube, the pressure difference between the two points "P" and "Q", as

recorded by two manometer limbs is 0.08 m. Calculate the rate of flow of the liquid through

the pipe. (7)

(7)6. (a) Explain why a liquid meniscus is (i) concave and (ii) convex.

(b) Give the theory and experimental details for determining the surface tension and angle of

contact for mercury by Quinck's method. (20)
(c) A mercury drop of radius 1 em sprayed into one million drops of the same size. Calculate

the energy expended. Surface tension of mercury = 35 x 10J N/m. (8)

7. (a) State Gauss' law for electrostatics. Show that the electric field at a point between two

similarly but oppositely charged plates is constant but zero outside the plates.

(b) An electric dipole having electric dipole moment P is placed in a uniform external field
- -E. Show that (i) f =P x E (ii) W = - p.E

where the terms have their usual meanings.

(c) An electric dipole consists of two opposite charges, each of magnitude 1 ~c separated by

2 cm. The dipole is placed in an external uniform field of 105 N/C. Find (i) the maximum

torque exerted by the field on the dipole, (ii) work done which the external agent will have to

do in turning the dipole through 1800 starting from the position e = 00•

(14)

(12)

(9)

8. (a) State Bio-Savart Law. Apply this law to find the magnetic field at a point due to a long

infinite wire carrying a current. (14)

(b) Obtain an expression for the force per unit length between two parallel current carrying

conductors. When will the force be attractive and when it will be repulsive. (14)
(c) A toroidal coil has 3000 turns. The inner and outer diameters are 18 cm and 24 cm,

respectively. Calculate the flux density inside the coil when there is a current of 4.0 A. (7)
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SECTlON-A
There are FOUR questions in this section. Answer any THREE questions.

I.

2.

3.

(a) Write down the reactions for the commercial synthesis of indigo from Anthranilic

acid.

(b) How would you carry out th following conversions?

(i) 2-Bromofurari from furan

(ii) 2-AcetyJpyrrole from pyrrole

(iii) tetratydrothiophene from thiophence

(iv) 2- aminopyridine from pyridine

(c) How furfural undergoes the following reactions?

(i) Cannizzaro Reaction

(ii) Benzoin-type condensation

(d) Describe Fischer Indole Synthesis.

(a) Explain why- NI-b group is ortho-para directing, whereas- NOz group is meta

directing in electrophilic aromatic substitution reaction.

(b) Discuss the bromination of Benzene with mechanism.

(c) What are the limitations of Friedel-Craft's alkylations reaction? What are the two

major advantages of Friedel-Craft's acylation over Friedel-Craft alkylation?

(d) How would you carry out the following conversions from benzene?

(i) Cyclohexane (ii) Iso-propyl benzene (iii) n-propyl benzene.

(a) Why benzene undergoes electrophilic substitution reaction, but alkenes undergo

addition reaction? Explain with suitable examples.

(b) Define dye. Write down the necessary and sufficient conditions for a substance to

be a perfect dye.

(c) Provide a suitable synthesis for each of the following dyes.

(i) Malachite Green (ii) Methyl Orange

(d) Draw the structure of the following dyes and mention their class.

(i) Alizarin (ii) Crystal Violet (iii) Phenolphthalein

Contd P/2
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4.

5.

(a) Define alkaloid. Classify alkaloids according to the heterocyclic ring system and

give one example of each.

(b) Draw the structures of the following alkaloids

(i) Papavarine (ii) Nicotine (iii) Coniine

(c) How would you carry out the following conversions?

(i) a-picoline to coniine

(ii) Coniine to pyridine-2-carboxylic acid

(d) Explain why pyridine undergoes nucleophilic substitution particularly at 2- and 4-

positions.

SECTION - B
There are FOUR questions in this section. Answer any THREE questions.

(a) Draw the structural formula of following compounds:

(i) I-cyclohexylheptane

(ii) l-ethyl-2-methylcylobutane

(iii) tert-butylcyclohexane

(iv) 5-ethyl-2,6-dimethyloctane

(v) l-sec-butyl-3-methylcycloheptane

(b) Explain the change of physical properties of alkane with increasing the number of

carbon using diagram. Why dimethylpropane has lower boiling point than pentane?

(c) According to Newman Projection formula show all the possible conformations of

n-hexane with plausible energy diagram.

(d) How can you prepare n-butane from propylbromide through Corey-House synthesis

process? Show the mechanism.

(11)

(6)

(8)

(10)

(5)

(8)

(12)

(10)

(8)
6. (a) The bond energy is higher for alkene than alkane but alkene is more reactive thane

alkane, explain why? Discuss the stability of cycloalkene.

(b) Why trans-product are the sole product for the addition of halogen to an alkene?

Show the mechanism of bromination of cyclopentene. (9)

(c) What is halohydrin? How can you prepare 2-bromo-1 phenylethanol from styrene? (8)
(d) Show the mechanism of catalytic hydrogenation of alkene. Whay this reactions is

stereospecific? Give an example. (10)

7. (a) Explain E2-elemination reaction for the preparation of alkyne.

(b) Show the mechanism of electrophilic addition of hydrogen halide to an alkyne.

(c) Why vinyl halide is unreactive but allyJic halide is reactive?

Contd P/3
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(d) Identify the R-and S-configuration for following compounds: (2x4=8)

(a) , (b) (c) (d)

(6)8.

(e) Discuss the basic principles of chirality. How chiral centre containing compound

can have achiral properties? Explain with example. (10)

(a) Discuss the isomerism of disubstitued 1,3-dichlorocyclopentane.

(b) Amine has both basic and nucleophilic character, explain. Why amine is more basic

than water? (7)
(c) Show the mechanism for the synthesis of heptylamine from heptanoic acid. (7)
(d) How can you prepare primary, secondary and tertiary amines from ketone? Give

mechanism. (9)
(e) Predict the spectroscopic analysis of propyl amine. (6)
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SECTION-A
There are FOUR questions in this section. Answer any THREE.

(a) The system shown in Figure for Question I(a) starts from rest, and each component
moves with a constant acceleration. If the relative acceleration of block C with respect
to collar B is 60 mm/s2 upward and the relative acceleration of block D with respect to
block A is 110 mm/s2 downward, determine (i) the velocity of block C after 3s, (ii) The

change in position of block Dafter 5 s. (18)

': t

,
-r~, ","'.J , .. j

, '~

!~
lo,ll
if;

! Figurc for Qucstion l(a) I___ ••• ~_r~ ,~

(b) Three seconds after automobile B passes through the intersection shown in Figure
for Question I (b) automobile A passes through the same intersection. Knowing that the
speed of each automobile is constant, determine (i) the relative velocity of B with
respect to A (ii) the change in position B with respect to A after 4-s, (iii) the distance

between the two automobiles 2 s after A has passes through the intersection. (17)

Figur! for Question l(b) <',-
,
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2. (a) The two blocks shown in Figure for Question 2(a) are originally at rest. Neglecting
the masses of the pulleys and the effect of friction in the pulleys, determine (i) the
acceleration of each block, (ii) the tension in the cable. Assume that the coefficients of

friction between block A and the incline are !-Is = 0.25 and !-Ik = 0.20.

-'~ff:~~ ..;

[
f.

I
I
I
i
I

(18)

(b) The coefficients of friction between blocks A and C and the horizontal surfaces are
!-Is = 0.24 and !-Ik = 0.20. Knowing that mA = 5 kg, ma = 10 kg, and me = 10 kg,
determine (i) the tension in the cord, (ii) the acceleration of each block. See Figure for

Question 2(b). (17)

I
f
I
I

3. (a) A 6-1b block is attached to a cable and to a spring as shown in Figure for Q. No.

3(a). The constant of the spring is k = 8 Iblin and the the tension in the cable is 3 lb. If

the cable is cut, determine (i) the maximum displacement of the block, (ii) the

maximum speed of the block. (17)

,- -""".' '.' "
i

;..

Figure for Question 3(a)
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(b) Rod AB moves over a small wheel at C while end A moves to the right with a

constaot velocity of 25 in.ls. At the instaot shown, determine (i) the aogular velocity of

the rod, (ii) the velocity of end B of the rod. See Figure for Question 3(b). (18)

i.
1

4. (a) The 250-mm uniform rod BD od mass 5 kg, is connected as shown in Figure for

Question 4(a) to disk A and to a collar of negligible mass, that may slide freely along a

vertical rod. Knowing that disk A rotates counterclockwise at a constant rate of 500

rpm, determine the reactions at D when e = 0°.

(b) The uniform rods AB and BC weigh 2.4 kg aod 4 kg, respectively, and the small

wheel at C is of negligible weight. If the wheel is moved slightly to the right and then

released, determine the velocity of pin B after rod AB has rotated through 90°. See

Figure for Question 4(b).

Contd P/4
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. Figure for Question_4(b)
. - - - - - - --- - --.

SECTION - B
There are FOUR questions in this section. Answer any THREE.

5.

6.

(a) A frame ABC shown in Figure for Ques. No. 5(a) is supported in part by cable DBE
that passes through a frictionless ring at B. Knowing that the tension in the cable is 385

N, determine the component of the force exerted by the cable on the support at D.

(b) Determine the moment of inertia and the radius of gyration of the shaded area

shown in Figure for Ques. No. 5(b) with respect to the x axis.

(a) A transmission tower is held by three guy wires attached to a pin at A and anchored
by bolts at B, C, and D as shown in Figure for Ques. No. 6(a). If the tension in wire AB

is 2.52 kN, determine the vertical force exerted by the tower on the pin at A.

(b) The 20 N block A and the 30-N block B are supported by an incline that is held in
the position as shown in Figure for Ques. No. 6(b). Knowing that the coefficient of

static friction is 0.15 between all surfaces of contact, determine the value of e for

which motion is impending.

(18)

(17)

(18)

(17)

7. (a) Collars A and B are connected by a 525 mm long wire and can slide freely on
frictionless rods as shown in Figure for Ques. No. 7(a). If a force P = (341 N)j is

applied to collar A, determine

(i) the tension in the wire when y = 155 mm,
(ii) the magnitude of the force Q required to maintain the equilibrium of the system.

(b) Locate the centroid of the plane area shown in Figure for Ques. No. 7(b).

8. (a) For the frame and loading as shown in Figure for Ques. No. 8(a), determine the

components of all forces acting on member ABE.

(b) A Fink roof truss is loaded as shown in Figure for Ques. No. 8(b). Determine the

force in members BD, CD and CEo

(20)

(15)

(18)

(17)
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L-IIT-1IMME Date: 01110/2018

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA

L-IIT-I B.Sc. Engineering Examinations 2017-2018

Sub: PHY 103 (Optics, Waves and Oscillation)

Full Marks: 210 Time: 3 Hours

USE SEPARATE SCRIPTS FOR EACH SECTION

The figures in the margin indicate full marks.

SECTlON-A
There are FOUR questions in this section. Answer any THREE.

1. (a) Define the following terms: (i) equivalent lens and equivalent focal length, (ii)

power of lens, and (iii) Cardinal points.
(b) Derive an expression for the equivalent focal length of two coaxial thin lenses
placed in air separated by a finite distance and calculate the position of the principal

points.
(c) Two thin converging lenses of focal lengths 25 cm and 10 cm are placed in IS cm
apart. Calculate the equivalent focal length and the positions of the principal points of

this combination.

2. (a) Describe with suitable diagram the spherical aberration in a lens. Show that the
spherical aberration can be made minimum by using two plano-convex lenses

separated by a distance equal to the difference in their focal lengths.
(b) Define chromatic aberration. Derive an expression for diameter of the circle of least

confusion of a thin lens considering the blue and red rays oflight.
(c) A thin lens of focal length 12 em having dispersive power of 0.Ql5 has been
illuminated by red and blue rays. The diameter of lens D is 30 cm. Calculate the ax.jal

chromatic aberration and the circle of least confusion of the lens, respectively.

3. (a) Briefly state and explain angular magnification of microscopes. Draw a schematic
diagram of a compound microscope and show that the expression for the magnification

formed by this instrument is given by, M = (I + ~ )( f: -I]' where the terms have

their usual meaning.
(b) Give the construction of a telephoto lens and explain its working principle.
(c) A convex lens of focal length 8 cm is used as a magnifying glass. Find the
magnifying power when (i) the image is formed at infinity, and (ii) the image is formed

at the least distance of distinct vision (28 cm from the lens).

4. (a) What is the difference between interference and diffraction of light?
(b) Describe Fraunhofer diffraction due to a plane transmission grating and obtain an

expression for its dispersive power.
(c) For a give plane transmission grating having 5000 Iines/cm, answer the following

questions: (i) What is the highest order spectrum that can be observed for a light of

wavelength 600 nrn? and (ii) If the width of the opaque parts be twice than the

transparent parts of the grating, which order of the spectra will be absent?
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SECTION - B
There are FOUR questions in this section. Answer any THREE.

5. (a) Draw suitable diagrams showing clearly how coherent sources are produced in (i)

Newton's rings experiment and (ii) Fresnel's biprism experiment. (10)
(b) With a suitable diagram explain the method of magnification to determine the slit

separation in the Fresnel's biprism experiment. (15)
(c) In a Fresnel's biprism experiment, using sodium light of wavelength 589 nm, 20
fringes in the interference pattern occupy 2.3 x 10-2 m on the screen. On replacing
sodium light by an unknown source, 30 fringes are found to occupy 2.8 x 10-2 m. Find

the wavelength of the unknown source. (10)

6. (a) Write short notes on the following: (15)
(i) Optics axis, (ii) Principal section of a uniaxial crystal, and (iii) Quarter-wave
plate.

(b) Describe the phenomenon of double refraction in a uniaxial crystal. (12)
(c) The values of 110 and Ilc for quartz are 1.5508 and 1.5418, respectively. If the

thickness of the plate is 0.032 mm, determine the phase retardation for /..= 500 nm. (8)

7. (a) What is a compound pendulum? Show that its oscillations are simple harmonic. (3+7)
(b) Deduce an expression for time period of a compound pendulum in terms of its
equivalent length and hence show that there are four positions (two of them are in one
side of center of mass and the rest two are opposite side of center of mass) where time

periods are same. (11 +6)
(c) A pendulum consists ofa long thin bar oflength L and mass M that is suspended at
a small hole drilled through the bar a distance 'y' above the center of bar.

(i) Find the time period in terms of y, L, M and g (acceleration due to gravity),

(ii) Show that the period has minimum value when y = ~. The moment of
vl2

inertia of the bar about the center of mass is / CM = _I ML2. (8)
12

8. (a) What are the characteristics of a mechanical wave? From the displacement equation
derive the differential equation of one dimensional wave motion. (5+7)

(b) Distinguish between particle velocity and wave velocity. Show that u = -v 0; ,
where u is the particle velocity and v is the wave velocity. (5)
(c) Show that the energy density of a plane progressive wave is given by E = 21t2a2n2p,

where symbols have their usual meanings. Obtain an expression for intensity of wave. (10)
(d) A wave is travelling in air medium in the positive direction of the x-axis. The
frequency of the wave is 50 Hz and the distance between a crest and adjacent trough is
10 cm. Amplitude of the wave is 2 cm. (i) Calculate the velocity of the wave, (ii) Write
down the wave equation, (iii) Calculate energy density and intensity of the wave. The

density of air = 1.29 kg.m3
. (8)
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