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USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. (a) Discuss the continuify and differentiability of the function , 19 % )

5x - 4, 0<x<l
f(x)= 4x% -3x, 1<x<2 atthepointsx=1andx_=2;
3x + 4, ' Xxz2

Also, sketch the graph of the function.

(b) Evaluate lim (x In sinx). (12)
x—0 :
(c) Find the n-th derivative of y = sin’x cos’x. ' _ (15)
2. (a) State Leibnitz's theorem. If y = x cos (In x), then show that ‘ (16%)
X2yne2 + (20— xyq . + (11_2 -2n+ 2)yn =0.
- (b) Expand the polynomial-2x3 +7x* +x ~ 1 in power of (x-2). (15)

(©) Verify Cauchy's mean value theorem for the functions fix) = x> —2x + 3 and g(x) = X

—7x* + 26x — 5 in the interval [-1, 1]. | - @5)

3. (a) Discuss the concavity and hence find the point of infection of f(x) = X — 3% +x-2. (16%)

(b) A battery having fixed voltage V and fixed internal resistance r is connected to a

circuit that has variable resistance R. If the power output P is given by P = IZR, show that

the maximum power occurs if R =r. : / 15)
du ou - du |
) Ifu=fly-z,z-x,x- show that — + — + —=0. 15

(y y) x ' a | | (15)

. 4. (a) Find the pedal equation of the parabola y2 = 4ax with respect to its focus E (15)
(b) Show that the radius of curvature at any point (x, y) of the curve x/3 + y/ = a/ is

three tlmes the perpendicular from the origin to the tangent at (x, y). (16’% )

" (c) Find all the asymptotes of the curve x>+ x2y - xy2 - y3 -3x-y-1=0. - (15)
Contd .......... P/2
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SECTION-B _
There are FOUR questions in this section. Answer any THREE. .

5. (a) If 1}, my, n; and l;, my, n; are the direction cosines of two mutually perpendicular
straight lines, show that the direction cosines of the line perpendicular td both of them are
min; — mong, milz — nply, Ijmy — Lmy. ,

(b) A line makes angles a, B,y, & with the diagonals of a-cube. Prove that

4
coszoc+coszﬁ+coszy+c0528:§.

(c) The axes are rectangular and a point P moves on the fixed plane XYy Z21. The

a b ¢

- plane through P perpendicular tovOP meets the axes in A, B, C, where O is the origin.
The plane through A, B, C parallel to the coordinate planes intersect in Q. Show that the.

locusonis—l——+—1—+-1—-_-.l_+_1_.+_l__
x2 y2 22 ax by «cz

6. (a) Through the point P(-1, 1, 2) a line is drawn parallel to the line of intersection of the
planes x — 2y + z =3 and x + 6y — 5z = 0. This line cuts the plane x — 3y + 2z=2in Q.
Find the equation of the line PQ and their coordinates. A

(b) Find the length and the equation of the shortest distance between the two lines

x—3=y+15=z—9 and x+1=y—1=z—9
2 -7 5 2 1 -3
(c) Find the equation of the straight line that intersects the lines 4x+y-10=0=y+2z+6,

3x-4y +5z+5=0=x+2y—4z+ 7 and passes through the point (-1, 2, 2).

7. (é.)Ifax r=b+Aaanda.r=3 wherea=2i+j—-kandb=-i-2j+Kk, find r and A.
(b) A rigid body is rotating with an angular velocity -7?42 radians per second about an axis
which passes through a point (-1, 3, 2) having direction cosines proportional to (3, 2, 7).
Find the linear velocity at the point (9, 11, -7) of the body.

(c) Show that the vectors a =2i+j~-3k b=1i-4k, ¢ = 4i + 3j — k are linearly

dependent. Determine a relation among them.

8. (a) Show that (axb) x (¢ xd)=[abd]c—[abc]d.
(b) Solve for x the vector equation x + x x a=b,

(c) If the system of vectors a’, b’, ¢’ are reciprocal to the system of vectors a, b, ¢

reSpectively, then prove that [a' b’ c'] = [—Tl)——] .
abc

(15)
15)

(16%)

(15)
(16%)

(135)

15)

(16%)
(15)

(14)
(18%)

(14)
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USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. () Deﬁne Coulomb force, gravitational force and the Nuclear force. Calculate the

Coulomb force and gravitation force between two protons in a nucleus assuming that the
. 15 o ' .
two protons are separated from each other by a distance of 4.0 x 10 ' m. (10)

(b) Fig. 1(b) shows an electron of mass m and charge e projected with speed Vy at right

ar_igles to a uniform electric field E. Derive an equation to describe the electron trajectory. (15)
S P
S 2 xS P GG
‘ >,
v, -
0 o e = >

(c) The electric field between the plates of a cathode-ray oscillc;scope (Fig. 1(b)) is
1.2 x 10* nt/coul. What deflection will an electron experieﬁce if it enters at right angles to
the field with a kinetic energy of 2000 eV. The deflecting assembly is 1.5 cm long.
[e=8.85x 102 fm ] - (10)
2. (a) Discuss Gauss's law in electrostatics. Apply Gauss's law to obtain an electric field E

created by a line of +ve charges with linear charge density A at a distance y from the line

of charge. Write down an identical equation for the magnetic field B déveloped at the

same point due to a current i flowing through a conductor having similar geometry. | (10)

(b) Define electric potential V. Fig.-2(b) below shows a charged disk of radius 'a' and of

surface charge density 'c". | : 15) .
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Contd ... . No. 2(b

Find the electric potential V for points on the axis of the disk and at a distance r from the

center of the disk. Show that the disk behaves like a point charge for r >> a.

(c) The charged disk in Fig. 2(b) has a radius a = 3.50 cm and the potential at the center

of the disk Vg =550 V. S - (10)
(i) What is the-total charge q on the disk? |

(ii) What is the potential at point P which is at a distance r = 5a?

3. (a) Define capacitance. Discuss how capacitance of a capacitor can be compared to a
container of gas having volume V and pfessure P, temp¢rature T, which gas law does the
capacitance corresponds to? | | : - (10)
(b) A cylindrical capacitor (Fig. 3(b)) consists of two coaXial cylinders of radius 'a' and 'b' and
length /. Obtain an éxpression for the capacitance C of tlﬁs capacitor (assume / >>b). Show

_that the capacitance of such a capacitor depends onl); on the geometry of this device. (15)

(c) A beam of 16 MeV deuterons _from a cyclotron falls on a copper block. The beam is

equivalent to a current of 15 x 107° A. (10)
(i) At what rate do deuterons strike the copper block? |
(ii) At what rate is heat produced in the block? [1 MeV = 10° eV]

4. (a) Describe NaCl structure. How does it differ from a standard face cevntered cubic
structure? ’ | ' 9)
(b) Write down the relation betweén Miller indices and interplanar spacing for a cubic
crystal. Prove that the ratio djg : djjo : dm of simple cubic, body centered cubic 'and
face centered cubic crystal structures are not the same. (18)

(c) In an orthorhombic crystal, consider a plane which is parallel to z-axis and cuté the

intercepts 5a and 7b along the x and y axes respectively. Find out the Miller indices of the

plane and also draw the plane. : (8)
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A - SECTION-B |
There are FOUR questions in this section. Answer any THREE.

. (a) Derive Bragg's law of X-ray diffraction.

(b) Monochromatic X- ray beams are incident on a plane of a crystal and second order

| reflection is observed for the angle 24° 32'. Find out the 1nterplanar spacmg between the

planes in this case. 9\ g 2\ /Q

(c) Distinguish between metal, semi onductor and insulator in the llght of band theory of

solids.

. (a) Define cohesive energy. Calculate the cohesive energy per atom of a NaBr crystal in

which the equilibrium separation between Na and Br is 2.50 A. (Ionization energy of Na

is 5.14 eV, electron afﬁnity of Br is 3.36 ¢V, Madelung constant is 1.75 and n = 8).

(b) Discuss briefly point defects and plane defects in crystals. -

. ia) What do you mean by Doppler Effect in light? Find the expression of observed

frequency of light in the case of longitudinal Doppler Effect.

(b'). The relativistic equation for the kinetic energy is k = mc2 - mocz, where the terms
have tﬁeir usual meanings. Find the kinetic energy of the body when it is. moving with a
very low speed i.e., v/c <<.1.

(c) Two electrons enﬂit from a radioactive sample in the same direction, having speeds of

0.5 ¢ and 0.7 ¢ with respect to the 'sample. What is the speed of the slow electron relative

to the fast electron? Explain the result.

. (a) Show that the expressmn for wavelength Shlft of a photon undergomg Compton

scattering is, A’ = A = .(1 - c0S ¢) where the terms have their usual meanings. What

o€
is Compton wavelength? Calculate its value.

(b) What are the failures of classical wave theory about photoelectric effect?

~ (c) Estimate the age of earth from the relative abundance of two isotopes of uranium,

U5 and U2, Given that half life of U is 7.07 x 10° years and half life of U>*®

pam—

57 228

(15)
S}

as)

(15)
20)

(20)
O

8)

(20)

N
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USE SEPARATE SCRIPTS FOR EACH SECTION

/ SECTION - A
There are FOUR questions in this section. Answer any THREE.
Psychrometric chart (SI unit) for normal temperature for Q. No. 4(b) is attached.

1. (a) What are the native sources of energy? For what main purpose, these energy sources
are used in Bangladesh? How fossil fuels are formed and how théy aré related to the sun's
' energy? : \ - (10)
(b) How nuclear energy is available from radioactive materials? Give an example of a
fission reaction. With a schematic diagram, show the main components of a nuclear
power plant. ' (10)
(c) What is wind energy? Express-available wind lpower 'P' with its unit, in terms of 'p/,
'A' and 'V' where, p = density of air, A = Area through which air is blowing and V = wind
velocity (assign suitable units for each parameter). B | (7)
(d) Draw the following: (i) schematic diagram of PV cell connected to variable

resistance, with ammeter and voltmeter. (ii) I-V characteristics of a typical silicon PV cell

showing Isc, Voc and Ppax. - | (4x2=8)

2. (a) Draw the actual value timing diagram for a 4 stroke cycle petrol engine with
minimum and maximum limits of crank angles for valve operation. In this diagram show
the valve overlap and mention its maximum and minimum values. (15)
(b) Draw and label with circuit diagram for a coil ignition system for a 4-stroke 4-
cylinder SI engine. : | (10)
(c) What is the difference between the magneto ignition system and the coil ignition

system? Draw and label only the portion which is different from the coil ignition system. (10)

3. (a) With a neat sketch, show how valves of an IC Engine operates. Mention the

component parts involved in sequence from 'crank' to 'valve'. (15
" (b) In a 2-stroke cycle petrol engine, the exhaust port remains uncovered for sometime

when air-fuel mixture is forced inside the cylinder through the other part, then how the

fresh air-fuel mixture is preventea from escaping out? (10)

(c) A 150 cc internal combustion engine has its stroke equal to its bore. Calculate the crank |

radius of the engine. If the clearance volume is 25 cc, determine its compression ratio.

From the result of this compression ratio, determine whether it is a petrol or a diesel engine. (10)
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. (a) What are the 4 basic components of a vapbur compression refrigeration cycle? Show

the cycle in a schematic diagram. Corresponding to this schematic diagram, show the 4
processes of ideal vapour compression cycle in T-s and P-h diagrams. |

(b) Using the psychrometric chart, determine the 5 properties of air with thelr
corresponding units, inside a conditioned room. For.the same room condition, the wet
bulb temperature and density of air were found respectively as 19.5°C and 1.111 kg/m3.

(c) What are the main items of cooling load calculation for a space to be air conditioned?
With a neat sketch show various types of heat gains in a space from internal and external

sources, dividing them in two groups (sensible and latent).

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

. (a) What do you understand by 'compounding' of a steam turbine? Explain the 'pressure
compounding' of an impulse turbine and show with the help of a neat sketch, the -

arrangement of nozzle and blades and the variation of pressure and velocity across the

different stages for an impulse turbine having four stages of constant turbine cross-section.

_ (b) What are the different components of forces by which a reaction turbine is moved? -

Briefly explain the functions of rotor, gland and diaphragm of a steam turbine.

(c) With a neat sketch, briefly explain the nozzle controlled govérning of a steam turbine.

. (a) What do you understand by the capacity and efficiency of a boiler?

(b) Write down fhe merits and demerits of water tube boilers over the tube boilers.

(c) What are the advantages of the dome shape of the furnace and hemispherical shape of
the top of the shell in a Cochran boiler? | o

(d) Show the construction of a Babcock and Wilcox boiler with a simple sketch and

describe the flow of flue gas and the circulation of water in this boiler.

. (a) Compare rotodynamic pumps with positive displacement pumps.

(b) What do you understand by priming of a centrifugal pump? What can be done to
ensure that a centrifugal pump remains primed?
(c) With the help of a neat sketch, explain the principle of operatlon ofa centrlfugal pump

(d) What is cavitation? How does it occur in a centrifugal pump? .

. (a) Write down the advantages and disadvantages of gas turbines over stream turbines.

(b) Show air staridard Otto and Diesel cycles on separate p-v and T-s diagrar_hs. Write
down the names of all four processes involved in both these cycles.
(c) Sketch the flow diagram and T-s diagram of a gas turbine plant having two-stage

compression with intercooling and two-stage expansion with reheating and regeneration.

(10)

(15)

(10)

(15)

(10)
(10)
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USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. (a) Derive the kinetic equation for a consecutive reaction. Draw the concenfration vs time
profile reaction if any.
(b) Prove that a second order reaction 2A —» P has half life which is- inversely
proportional to the initial concentration. Derive the kinetic equation.

(c) How can you determine the order of a reaction by integral and isolation method?

2. (a) The relationship between equilibrium constant and temperature is exponential — Prove
through derivation of a mathematical equation.
(b) What are the significance of the relationship AG® = = RT 1nK?
(c) How does change of pressure and presence of a catalyst effect "K" of a reaction?

(d) 35%, PCls is dissociated at 373 K. If the total pressure is 1.5 atm, find out the values
of Kp and K. | /

3. (a) Define heat of neutralization and heat of solution. Give the claésiﬁcation of heat of solutiéﬁ.
| (b) Derive the mathematical model showing the relationship between heat of reaction and
temperature at constant volume and pressure. .. ‘
(c) What is Gibb's phase rule? Define the terms involved there in with suitable examples
énd derive phase rule. _ |
(d) State and explain distribution léw. Show by calculating that the multiple stage

extraction is more efficient than single stage extraction.

4. () What are Colligative Properties? Why are they so called? Discuss with suitable examples.
(b) Define 7fre'ez1fng point with respect to vapour pressure. Derive a mathematical relation
which expresses the relation between depression of freezing point of a solution ‘and the
molecular weight of the solute. What is meant by Cryoscopic constant?

(c) The freezing point of benzene is 5.4 °C and that of a solution containing 2.0 g of
solute per 100 g of benzene is 4.40 °C. éalculate the molecular ,weighf of solute. The
molal depression constant is 5. .

(d) Define osmotic pressure. State and explain laws of osmotic pressure. .

g1 fs

(12)

(13)
(5+5)

a2y
(6)
(8)

®)

(6+2)
(10)
(10) .

™
)

(12)

(10)
@®
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SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) What are the postulates of Bohr atomic model? Based on the pbs’tulates, deduce the

equation for the calculation of total energy of an electron in its orbit. Discuss how the

' spectral lines can be justified with the help of Bohr atomic theory. : (15)
(b) Deduce de-Broglie's equation. What does it describe? Discuss with Suitable examples,
the applicability of the eqﬁation in case of bigger particle and smaller particle like electron. ~ (12)

(c) Write a note on blackbody radiation. . | 8)

6. (a) Nitrogen molecule has three bonds due to the sharing of three pairs of electron

between the two nitrogen atoms. Explain why one of the bonds is more stronger than the
other two. | - (10)
(b) With the help of potential energy diagram discuss how a combination occurs between
two atoms and the molecule becomes stable. | - (10)
(c) What are donor and acceptor atoms? Explain bond formatioﬁ in OCI—, O,CI, OsCI7
and OCl4” ions. Name the ions. A (8)

(d) Discuss the chemical properties of noble gas elements. . , 7

7. (a) According to molecular otbital theory expiain the formation of 02+, Fs, H2+ and ”He;
and comment on their magnetic properties. : | (12)

(b) Define acids and bases according to Arrhenius, Protonic and Lewis theory. Cite

suitable examples in each case. Discuss the advantages and disadvantages of one theory

over another, : o | 19
(c) Discuss how relative strength of acids/bases is determined. - (7)
(d) Discuss the principle of LASER production. ' | (6)

8. (a) With respect to equ?librium point of view define (i) saturated solution, (ii) unsaturated
solution and (iii) super-saturated solution. Explain your definition of super-saturated solution. (10).
(b) Define solubility and solubility product constant. Discuss the effect of temperature on ‘ |
the solubility of different types of solid solutes in water with proper explanation. | - (13)
(¢) Discuss the effect of temperature and nature of salts on the partlal mlsc1b111ty of |

partially miscible 11qu1d liquid solution. What is meant by CST‘? | (12)
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USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. (a) The readings of the voltmeter and the ammeter in the circuit in Fig. for Q. No. 1(a) are
10 V and 0.6 A respectively. Find the values of R; and R3. | as)

Fig for Q. 1()

(b) Find the equivalent resistance between terminals A and B in the circuit in Fig. for Q

No. 1(b). All the values are indicated in Ohms Q). . - (20)
e A e it I . . e T —— ]
Cag - VV‘O_U"“’_ —

2. (a) Find the value of the voltage V, in the circuit in Fig. for Q..No. 2(a). Use the concept

of supernode in performing nodal analysis. - : ' (20)

200
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Contd ... Q. No. 2

(b) Find the value of the unspecified resistances, voltage and current sources for the

circuit in Fig. for Q. No. 2(b). The loop current equations are given as — | (15)
351;-151,=75
~151; +65I,-1513=-50

13—-1

\ ng E |

J

" Fy. for 6. o 2(6)

3. (a) The four termmal network 'ABCD in the circuit in Fig. for Q. No. 3(a) is a resistive
network. How the open circuit voltage and short circuit current varies upon applying a
“variable DC voltage source between the terminals A and B is showed in the graphs with

the figure. Find the value of R, as seen from the C-D terminals with an arbitrary voltage

source between terminals A and B.

(15)

o

-20"

©-14° N

>,
Oxb-wa K axis, mﬁr&:i\/

o e
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Contd ... Q. No. 3
(b) Find the Thevenin equlvalent circuit as seen from the terminals A-B for the circuit in

Fig. for Q. No. 3(b). ' - . (20)

5N® il TR -

4. (a) Use superposition principle to determine the current Iy in the circuit in Fig. for Q. No.

4(a). You may use some other technique to simplify the circuit. (20)

200 -1){37

OV

FLC? 'For @ No. 4 CO\)

(b) If the two networks in Fig. for Q. No. 4(b) are equivalent for any V and I, obtain the

expressions of relation between the quantities in these two networks. ' (15) -

i
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SECTION - B
There are FOUR questions in this section. Answer any THREE.
Attach the B-H curve with the answer script if you answer to Q. No. 8(b).

5. (a) For the circuit shown in Fig. 5(a), obtain Thevenin's equivalent circuit at terminal a-b.

Also find the value of Z; that will absorb maximum power and the value of maximum

power. (18)
& .
Q. 5(30 v B
N/
_ a
AANN— -
-135 | >
30A - T6a 1L
17X
| - b
Fig. for Q. 5(a) /
(b) Using superposition principle, find i in the circuit of Fig. 5(b). 17)
toon o
— NN
Con j(—: R0uF 2 sim(10004 +12°)
= ;
Fig. for @. 5()
6. (a) Determine the (i) RMS value (ii) Average value (iii) Form factor (iv) Peak factor of )
the voltage waveform in Fig. 6(a). If this voltage is applied across a 2 Q resistor, find the
average power absorbed by the resistor. (18)

I

Vé/.ol {)4

3]

Half sin wave

2. . ) .
4- to 11 n .
Te) time (“C)
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Contd ... Q. No. 6 _ .
(b) For the power system shown in Fig. 6(b), determine (i) the total complex power (ii) the

value of parallel capacitance required to adjust the system power factor to 0.9 leading. 17
220/0V (¥ K W
Crms), | 2=T10n | [2,2(20-15)n
50H3

Fig‘ ﬁr Q. 600)

7. (a) For the circuit in Fig. 7(a), calculate the line currents, power loss in supply lines and

the total power dissipated by the load itself. ' 17

e:—-s'owzce-—-"'é—'um'*’;gé_Lod——)
s ! ,

a T, (27 10)0

Ft‘&,-)q)r Q. 7(Q) |
(b) A three phase, 5 hp, 220 volt balanced Y-connected induction motor as 80%

efficiency and operates at a 0.85 p.f. lagging. It is paralleled with a balanced delta load
having resistance of 30 Q in each phase. Find (i) the total KVA, (ii) line current, (iii)

power factor demanded by the combination. Line voltage is 220 V. (18)

8. (a) For the circuit in Fig. 8(a), draw the corresponding phasor diagram with exact

magnitude and angle. Take V| reference. (15)

: Is + VR~
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(b) Determine the current I required to establish a flux of 1 x 10™* wb in the section of the

core indicated in Fig. 8(b). o | (20)
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