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

‘1. (a) Distinguish between the following:
(i) State variables and process variables
(ii) Intensive properties and extensive properties
(iii) Path and process '
(b) The functional relation between three variables X, vy, and z can be represented as

z=4x*y+3xy>. Determine the total differential equation of the function z‘=‘z(x, y)

and then obtain the coefficient relations. Are these variables state functions?
Y

- (c) Find the amount of work done on the surroundings when 1 litre of an idcal gas,

initially at apressure of 10 atm and 27 °C temperature, is allowed to expand at constant
temperature to 10 litres by (i) reducing the external pressure to latina single step, (ii)
reducing the pressure first to 5 atm and then to 1 atm, and (iii) allowing the gas to
expand freely.

i

2. (a) "The first law of thermodynamics deals with the conservation of energy while the
second Law deals with the degradation of energy" — Explain.
(b) Indicate the contributions of Richards, Nernst and Plank in the development of the

third law of thermodynamics.

(c) State and prove the third law of thermodynamics. Mention one important use of this

®

(6+5=11)

(15)

(10)

(10)

law. B | (2+10+3=15)

3. (a) Deduce a relationship for the change in internal energy of the system to its pressure
and volume. |
(b) 5 moles of an ideal diatomic gas, initially at 15 atm pressure and 27 °C temperature,
is expanded thrice of its volume by a reversible isothermal process. Calculate the change

in internal energy (ﬁ‘lhe system.

18

1s)

(10)
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(c) Starting with the following alternative expression of C, and C: -

C,=T a—SJ ; C —T(é‘—g—)
po\er),” 7 \eT),

Show that (C, — C,) can be expressed as a function of PVT properties only. Using the
result, show that C, — C, =R for an ideal gas.

(a) Explain the concept of equilibrium in classical thermodynamics. How does this

- differ from that used in statistical thermodynamics?

(b) "For a system constrained to constant entropy, volume and quantity of its
components, the internal energy decreases and it is a minimum at equilibrium." Deduce
the conditions for equilibrium for unary, two-phase equilibrium using the above-
mention assertion.

(c) Using the G-X diagrams given in Figure 1, draw and label the phase diagram of the
A-B system. |

SECTION-B
There are FOUR questions in this section. Answer any THREE.
Graph paper is supplied.

(é) Given the integral heats of mixing (AHM, J/mol) of zinc with mole fraction (Xzn) in a

'Zn-Cd alloy at 700 °C, calculate the partial molar heats of mixing of zinc and cadmium

containing 0.6 atom fraction zinc at 700 °C.

0.1 0.2 03 04 0.5 0.6 07 |08 0.9

AHM | 753 1326 17é8 1958 | 2054 2000 1774 1377 787

(b) The partial molar enthalpy of component 1 in a binary solution is given by the
equation AH, =aX 22 Calculate the partial molar enthalpy for component 2 and molar
enthalpy for the solution.

(c) The activity coefficient of a component A in an infinitely dilute solution is 0.25.

When the mole fraction of A is 0.60, its activity referred to the pure substance is 0.4.

From this data calculate the Henrian activity of the component referred to the infinite

dilute solution.

(10)

(4+6=10)

as)

(10)

(15)

(12)

@®)

Y
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6.‘ (a) Explaih the concept of wetting. »- ' | | (15)
(b) Discuss surface free energy and surface tension. ‘ . (15)
(c) Differentiate between chemical adsorption and physical adsorption. : - (5)

7. (a) Will a blast fumace gas analyzing 28% CO, 13% CO, and 59% N reduce FeO at
727°C? Givendata: | | (15)
| Fe> +1/2 (O}, = <Fe0>; AG® = —62050 + 14.95 T cal |
<CO> + 1/2 (O, = <CO2>; AG® = 627500 +20.75 T cal

(b) Explain how the concept of equilibrium constant can be used for deoxidation in steel

: “making pfocess. ' ‘ ’ (10)
(¢) The latent heat of evaporation of manganese at its normal boiling point (2095 °C) is '

226 KJ/mol. Calculate its vapor pressure at the temperature of molten steel (1600 °C). (10)

8. (a) The vapor pressure of solid zinc varies with temperature as o (20)

In P(atm) =-15775/T - 0.755 In T + 19.25
And the vapor pressure of liquid zinc varies with temperature as
In P(atm) = —15246/T — 1.255 In T + 21.79
Calculate (i) the normal boiling point of liquid zinc, (ii) the triple point temperature,
(iii) the heat of éVaporation of zinc at normal boiling point, (iv) the heat 6f fusion of
zinc at the triple point, (v) the difference of the heat capacities of solid and liquid zinc.
(b) Consider a system ‘with two particles A and B that may exhibit any of the four
énergy levels &1, €, €3, €. S - v (15)
(1) ‘How many microstates may this éystem exhibit?
(ii) - Estimate its macrostate.
(iii) Use the list of macrostates to generate a list of macrostates for this system.

(iv) Identify the microstates corresponding to each macrostate.
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Figuré 1: G-X diagrams of A — B phase diagrams at indicated temperatures.
For anenkion we . y(e)
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SECTION - A
There are FOUR questions in this section. Answer any THREE.

Use tracing paper, Wulff net and Thumb tracks as and when required.

1. (i) Index the lattice planes drawn in Figure 1. The C-axis in all lattices is normal to the

plane of the page and hence the index / is 0 in both cases. %)
[ J
F igure 1 e . .‘
'}eor . 1( A -
o .
a(
ot . (b)
) ®
(ii) Sketch the direct and reciprocal lattices for
(a) a primitive monoclinic Bravais lattice with a = 15 nm, b = 6 nm, ¢ = 9 nm,
B=105° (8)
(b) a primitive tetragonal Bravais lattice with a =7 nm, C =4 nm. 8)
2. Determine the plane groups of the patterns shown in Figure 2. %)
F«'jure, 2 4o Q.2.
o ¢ So, ¢ v '
b bov g’ﬁ? b:gb?ﬁ \ '%ci o | '%c% )
AR e 5 S s S o /A
' 4 4
%o | ¢ %o | T sS|% s S%e Safe % Ve
a &% o9 e I A I P
)38 &4 e
@ & o3 o= (b) (o) 4 4
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(a) Laying tracing paper over the above plane pattei'ns, indicate the positions of all the

symmetry elements within the unit cell.

(b) Identify the differences in the distribution of all rotational symmetry eléments and

mirror lines in the above plane groups.

3. Figure 3 is a shape of a brick in which a = b #c and o =B ———'.y =90°.

F«Bure 3
+os Q- 3.

P R I B

4
’

rd

4

¢t -
b
a _
(i) What are the point groups does the shape have? -
(i) How many mirror planes does it have?
(iii) How many 2-fold, 3-fold, 4-fold and 6-fold rotational axes does it have?

(iv) Draw an approximate stereonet projection for each point group. -

4. Using the standard (001) stereographic projection for a cubic crystal,

(i) Draw in and label the traces for the planes: }
(o1) (To1} (011), (0T1). |

(i) Plot the normals to the four {111} planes.

(iii) Plot and label the traces representing the following planes:
) (T (TT1k(T1).

(iv) Use the Wulff ﬁet to measure the angles between fhe poles:
[100] and [010] |
[100] and [101]
[101] and [011]

[111] and [T11]
SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (@) Within a cubic unit cell, sketch the following directions:

@) [100], i) [101], diii) [T1T], Giv) [120], (v) [1T0] and i) [212].

@®

)

(45)
@
(6)
©)

)

@)
(6)

(75%)

(12)
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(b) What are Miller indices? Determine the Miller indices of a plane that intersects the
y axis at —1, the z axis at }3, and is parallel to x axis. - : 2+3%)
(c) Sketch within a cubic unit cell the following planes. _ 6)

@) (012), (10T), and (T11).

6. (a) Caiculate the volumé§ of BCC and FCC unit cells in terms of their atomic radii R. 9)
| (b) Show that the atomic p.acking facvtvor for BCC and HCP crystal structures are 0.68
and 0.74 respectively.. | _ - B 9)
(c) Molybdenum has a BCC crystal structure, an atomic radius of 0.1363 nm, and an
atomic weight of 95.94 g/mol. Compute its theoretical density. 5K
: A \ .
7. (a) Deriv§: linear density expressions'for FCC [100] and [111] directions in ierms of the
atomic radius.-R. - _ ‘ 8)
(b) Derive planar’ density expressions for ABCC- (100) and (110) planes in terms of the
atomic radius R. 3 o 3)
(c) What is Weiss zone law? Find out the zone axis of the planes (110) and (111). 7 }/3)

8. (a) Compute (i) the interplanar spacing, and (ii) fhe diffraction angle for the (220) set of

planes of copper. Copper has a FCC crystal structure with lattice parameter ‘0.36 15 nm.

Also, assume that monochromatic racdiation having a waveleng£h of 0.1790 nm is used,

and the order of reflection is 1. - ' | t))

_(b) Figure 4 shows the first five peaks of the x-ray diffraction pattern for tﬁngsten, |

which has a BCC crystal structure; monochromatic x-radiation having a wavelength of

0.1542 nm was used. v . | asx)
(i) Index (i. e., give h, k, and 1 indices) for each of these peaks.
(ii) Determine the interplanar spacing for each of the peaks.

(iii) Determine the atomic radius for the tungsten atom.

Intensity. v

e L A ]

0.0 z |
-0 ZOO . 40.0 - . 60.0 80.0 100.0

Figuad fox Q. No. 4 (1)

Diffraction angle 2:9;

2 |4
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SECTION - A
There are FOUR questions in this section. Answer any THREE.

Symbols used have their usual meaning.

1. (a)Derive Lagrange interpolation formula and hence find the inverse interpolation

formula. - . (23)

(b) Find the equation of the curve passing through the points (0,18), (1,10), (3,-18) and

(6,90). S ' (23%)
2. (a) From the following table find the value of x for y = 75 | 23)

X: 2 5 8 14
y: 948 879 813 . 687
(b) A curve is expressed by the folloWing values of x and y. Find first and sécond
derivative at x =1.5. _ . | | (23%)
x: 00 05 1.0 15 20 |
y: 04 035 .024 0.13 005

b
3. (a) Discuss Gauss quadrature method to evaluate the integral I fx)dx. (23)
(b) Evaluate J'\ll —0.25sin? x dx by Weddle's rule taking 12 subintervals. (23%)
0

4. Discuss Newton-Raphson method to solve the simultaneous equations '¢(x, y)=0 and
w(x,y)=0. Use this method to find the roots of the equations (46%)
42x* +8.8y* =142

(x-12f +(y-0.6) =1
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5.

SECTION-B

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

(a) The following table shows the hardness (X) and tensile strength (Y) of 5 samples of

metal:

X

146

152

158 | 164

170

Y

75

- 78

77 89

82

Find the regression line Y on X. Is this linear model adequate for the given data set.

Justify your result.

(b) Using moments calculate the coefficients of skewness and kurtosis from the

- Symbols used have their usual meaning.

distribution given below and comment on the results obtained.

Profit (in Taka)

10-20

20-30

30-40

40-50

50-60

' No. of Companies

18

20

30

22

10

(a) Four salesmen were posted in different areas by a company. The number of units

sold by them are given below:

A | 20 | 23 28 | 29
B 25 32 30 21
C 23 28 35 18
D 15 21 19 25

Is there any significant difference in the performance of these salesmen at 5% level of

significance? (Necessary chart 1 is attached)

(b) If X is a binomial random variable w1th probability dlstrlbutlon b(x n, p) when

n—>o, p— 0 and A =np remains constant then prove that b(x, n, p) — p(x, }L) .

(a) Apply Lagrange's auxiliary equation technique to solve

(b) Solve the following PDEs by Charpit's method

() pxy+pg+qy=yz
(i) p*-y’q=y*-x*

Solve the following higher order PDEs
@ (D2-4D?D,+4D,D?)z=4sin(2x +y)

(b) (Df -D,D, —2D§ +2D, +2D, )z = e Ly

x(y2 + z)p —y(x2 + z)q = z(x2 —y2)

(© (D2-xyD,D,-2y’D2+xD,-2yD, )z = x%?

(26%)

(20)

- (28%)

(18)

(14)

(18%)
(14)

(14)
(18%)
(14)
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Table VI Percentage Points Jaw», of the F Distribution (continued)

fo.05, v, v,

.ﬁl.ﬂS.V,.v,
2405 2419 2439 2459 24802491, 250472511 2522 7 2533 2543 .
19381940 1941 1943 1945 1945 19.46 1947 1948 1949 19.50
U881 879, - 874 . 870°-- 866 864862 859 857 '-855 : 853 ;
600 596 591 586 580 577 575 572 569 566 563
477 04747468 462 S 4537 450 446 443 4400 436
5 410 406 400 394 384 381 377 374 370. 367
3. /368 . 3647 357 - 351 . U341 338 3347 3300032703230
339 335 328 322 315 312 308 304 301 297
S 3w 308073104 307 3017729477290, 2860 2.83 - 279275
e 3.02 298 291 285 274 270 266 26 258 2.
- <290 285.° 279 . 272 ..261 257 . 253 249 °: 24572,
g 280 275 269 262 251 247 243 238 234
£ CU2M 267 260 253 ‘2427 238 234 230, .225- -
E 265 260 253 246 235 231 227 222 218
k- 7. 259 0 254 248 - 240 . 229 225 220 206 211
o (2.54 249 242 235 0224 219 215 211 206
S 1249 245238 - 231 219 . 215 210 206 201
< 246 . 241 234 227 215 241 206 202 197
E 242 - 238231 223 211 2077 203 198 193" _
3 239 235 228 220 208 204 199 195 1.9 8
= 0237232 225 218, 205 . 201 196 " 192 187 18
8 234 230 223 215 203 198 194 189 184 178
g. h2.3200 2270 220 213 2017 196 191 18 181 176,
& 230 225 218 211 198 194 189 18 179 173
e 228 7 224 216 209 196 192 187 18 177 - 171
227 222 215 207 . 195 190 185 180 175 169
225 1220 213 206 T193 . 188 T 184 - 179 173 . 167
9 224 219 212 204 191 187 182 177 171 165
T222 0 218 210 2.03 190 1.85 . 181 . 135  --170, 164"
221 216 209 201 189" 184 179 174 168 162
212. 208 200 192 179 © 174 169 164" 158 151"
204 199 192 184 L7000 165 159 153 147 139
196 19t 183 175 ~ 161 155 155 143 135 125
188 183 175 167 152 146 139 132 122 100

Chaxt -1 For Q. No. 6(®
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_, SECTION - A
- There are FOUR questions in this section. Answer any THREE.

1. (a) Describe, with the help of a labelled diagrarh, the relationship between energy losses
and exit gas temperature. » '

(b) What is induced dfaught?

2. (a) Explain“the operation of an overfeed stoker with the help of a labelled diagram.

(b) Differentiate between horizontal and tangential fired furnaces. ‘

3. (a) What is CNG? Discuss the advanfages and disadvantages of CNG.

(b) Discuss the factors affecting the composition of producer gas.

~

4. (a) Describe the operation of a wall-wiping Flame Rotary Vaporizing Burner with the
help of a diagfam.

(b) What do you understand by atomizing oil burners? How do they operate?

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

5. (a) Give the differences between thermal and catalytic cracking. With the help of a neat |

flowsheet describe the working principle of thermofer catalytic cracking (TCC) moving

bed process.

(b) Explain distillation of crude oil. Give a schematic diagram of the>two stage

distillation unit and mention how it works.

6. (a) What is petroleum? Discuss the theories of origin of petroleum.
(b) How can coal be transformed to liquid fuel by Fischer-Tropsch process.

(c) Write a note on 'propane deasphalting process'.

(20)
(15)

(20)
(15)

(20)

(15)

(20)
(15)

(20)
(15)

(15)
(12)
@)
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7. (a) Define 'ranking of coal' and show the variation in ranking with composition and
physical properties of coal.

(b) What are the ultimate and proximate analyses of coal and what are their
significances to the coal users?

(c) Distinguish between lower heating value and higher heating value of coal.

8. (a) Describe the stages in the formation of coal from vegetable matter.

(b) Describe one dry process and one wet process of coal washing mentioning their

advantages and disadvantages.
L4

(15)

(12)
®)

15)

(20)
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| | 'SECTION-A "
There are FOUR questions in this section. Answer any THREE.

One figure and one chart are attached.

1. (&) The tank shown in Fig. for question No. 1(a) is fabricated from ) in steel plate.
Calculate the maximum longitudinal and circumferential stress caused by an internal
pressure of 125 psi. . o ' a7
(b) Derive expression‘s., of radial and tangential stresses for a thick-walled cylinder, when |

the cylinder is subjcctéd to an external pressure only. : : (18)

2. (a) A compound shaft consisting of a steel segment and an aluminum segment is acted
upon>by two torques as shown in Fig. for question No. 2(a). Determine the maximum'.
permissible value of 'T" subject to the following conditions: 7, <83 MPa, r;, <55 MPa
and the angle of rotation of the free end is limited to 6°. For steel G = 83 GPa and for
aluminum G = 28 GPa. o o | (18)
(b) Two steel springs arranged in series as shown in Fig. for quéstion No. 2(b.) support a
loéd P. The upper spring has 12 turns of 25 rrim;diametér wire on a mean radius of 100
mm. The lower spring consists of 10 turns of 20 mm-diameter wire on a mean radius of
75 mm. If the maximum shearing stress in either spring must no exceed 200 'MPa,

compute the maximum value of P and the total elongation of the assembly. Use G = 83

GPa. | 17)

-

3. (a) Deduce an expression of critical load for axially loaded both ends fixed column with

necessary assumptions. . (15)
* (b) Select the lightest W shape column that will support an axial load of 90 kips on an

effective length of 15 ft. Use AISC column specification [given in table for question No.

3(b)] with &, =36ksi and E =29 x 10° psi. | - 0)

4. (a) A timber beam is reinforced with steel plates rigidly attached at the top and bottom
| as shown in Fig. for question No. 4(a). What is the amount of moment increased by the
reinforcement if n = 15 and the allowable stresses in thg wood and steel are 8 MPa and

120 MPa respectively? ‘ 17
(b) The cross section of a circular link shown in Fig. for question No. 4(b) has a

rectangular section 100 mm wide by 50 mm thick. Compute the stresses at A and B and

at C and D. , _ (18)
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‘ SECTION -B
There are FOUR questions in this section. Answer any THREE.

Symbols indicate their usual meaning. Assume any missing data.

5. (a) As shown in Fig. 5(a), a rigid bar with negligible mass is pinned at O and attached to
two vertical rods. Assuming that the rods were initially stress-free, what maximum load

P can be applied without exceeding stresses of 150 MPa in the steel rod and 70 MPa in
the bronze rod. - | | (15)

(b) As shown in Fig. 5‘(b), there is a gap between the aluminum bar and the figid slab
that is supported by two copper bars. At 10°C, A = 0.18 mm. Neglecting the mass of the
slab, calculate the stress in each rod when the temperature in the assembly. is increased

to 95°C. For each copper bar, A = 500 mm’, E = 120 GPa, and . =16.8 um/(m 0C) For
the alummum bar, A = 400 mm?, E =70 GPa, and o = 23. pm/(m.°C). - (20)

6. (a) Write shear force and bending moment equations for the beam as shown in Fig. 6(a).
Also, draw the shear force and bending moment diagrarhs for the beam specifying

values at all changes of loading positions and at all points of zero shear. , (15)
(b) A cast iron beam 10 m long and supported as shown in Fig. 6(b) carries a uniformly

distributed load of intensity w, (including its own weight). The allowable stresses are

o, <20 MPa and o, <80 MPa. Determine the maximum safe value of w, if x = 1.0m.- - (20)

7. (a) Compute the value of EIS at midspan for the beam loaded as shown in Fig. 7(a).
Solve the problem by the method of double integration. : ' (15)
(b) Find the value of EI5 under each concentrated load of the simply supported beam as

shown in Fig. 7(b). Use area moment method to solve the problem. (20)

8. (a) Determine the largest load P that can be supported by the circular steel bracket as
shown in Fig. 8(a) if the normal stress on section 4|-B is limited to 80 MPa. (15)

(b) If an element is subjected to the state of stress as shown in Fig. 8(b), find the
principal stresses and the maximum in-plane shearing stresses. Also, determine the

stress components on planes whose normals are at 45° and 135° with the x-axis. Show

all results on complete sketches of the appropriate element. (20)
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