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

1. a) Explain briefly the intrinsic relationship among geometric, kinematic and dynamic similarities.
Models are to be built of the following prototypes considering dynamic similarity. Indicate which
single/multiple dimensionless ratio(s) will govern-
(i) Oil flowing through a partial (cross section) pipeline, (if) A water jet.
(7+3+3=13)
b) By dimensional analysis determine the expression for the shear stress at the wall when an

incompressible fluid flows in a pipe under pressure, #ll-the significant parameters are to be considered
and included in the analysis. _ (20}

¢) Summarize the approaches which can be employed fo'r'modeling multiphase flow systems. (12)

2. a) Demonstrate graphically (with proper sketch and label) the individual effects of specific speed (ns),
rotating speed (#), size (D) and setting arrangement (serics and parallel arrangement of identical pumps)
on the pump head vs. capacity behavior, (15)

b) A pump is installed to deliver water from a reservoir of surface elevation zero to another of elevation
90 m. The 30 cm-diameter suction pipe (f = 0.020) is 30 m long and the 25 cm-diameter discharge pipe
(f=0.026) is 1500 m long. The pump characteristic at 1200 rpm is defined by b, = 115 ~ 90000 where
ki, the pump head, is in meters and J is in m’/s. Compute the rate at which this pump will deliver water
under these conditions assuming the setting is low enough to avoid cavitation. 303)

3. a) State the application and operating principle of:
(i) Interferometer; (ii) Hot-film Anemometer; (iii) Piezometer Ring. @4x3=12)
b} Write an appropriate technical note on ‘Navier-Stokes Equations’ am

¢©) A Newtonian fluid is in laminar flow in a narrow slit formed by two parallel walls a distance 2.8 apart

-as shown in figure given below. Consider that B< W, so that ‘edge effects” are unimportant. Also

consider that W « L. Make a differential momentum balance, and prove the following expressions for
the momentum-flux and velocity distributions, respectively: : (23)
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SECTION-B

There are THREE questions in this section. Answer any TWO

4. a) A vessel containing oil under pressure is shown in the Figure 4(a). Find the elevation of the oil
surface in the attached piezometer. )

Air pressure = 35 kPn
Elev.2 m . 1 )
ot -
(g = 0.83)
Elev, 6.m _ T

Figure for Question No. 4.a)
b) Derive and explain Newton’s equation of viscosity, T = pz—: ) (15)

¢} The gate MN in the Figure 4(c) rotates about an axis through N. If a = 3.3, b= 1.3ft, d = 211, and
the width perpendicular to the plane of the figure is 3ft, what torque applied to the shaft through N
is required to hold the gate closed? (25)

Figure for Question No. 4.c)
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5. a) If 140 L/s of water flows through the system shown in Figure 5. a), calculate the total head loss
between 2 and 3. . . 20y

GL-'lSOmm

1 ' Sm S
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d,ﬂ 300 mm

Figure for Question No. 5. a)

b) Pump P, in Figure 5(b) develops 27 # of head, producing a velocity of flow in pipe C of 5 fps.

Neglecting minor losses, find the flow rates in pipes A and B, (25)
The parameters are:

Pipe A — 4200 fi long, 2 Il diameter, f= 0.03; _

Pipe B — 4200 ft long, | ft in diameter, f=0.03; - Ly

Pipe C — 4200 ft long, 2 ft in diameter, f=0.02. . {

¥

Eigy. 21.54¢

Figure for Question No. 5. b}

6. a) Write short notes on
i.  Viscous sub-layer in turbulent flow
ii. Moody diagram
iii. Hydraulic radius
iv. Cavitation
(4x5 =20)
b) A pump is delivering 840 L/min of crude oil (sg = 0 85) from an underground storage drum to the
first stage of a processing system (Figure 6. b)).
i, If the total energy loss of the system is 4.2 N.m/N of oil flowing, calculate the power dehvcred

by the pump.

ii. Ifthe energy loss in the suction line is 1.4 N.m/N of oil flowing, calculate the pressure at the
pump inlet. (15410 =25)
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SECTION- A
(There are FOUR questions in the section. Answer any THREE)

1.(a) Show with reasons whether the following compounds are aromatic or not.
)Pyridine  ii) Piperidine  iii) Indole  iv) Cycloheptatriene

{b) Prove that pyrrole is not only a weak base but also a weak acid.

(¢) How would you bring out the following conversions?
i} Pyrrolidine from pyrrole ii) 2,3,4,5-Tetraiodopyrrole from pyrrole
iii} Tetrahydrofuran from furan iv) 2-lodothiophene from thiophene

v) 2-Lithiumthiophene from thiophene

2.(a) Justify the following statements:
iy Pyridine has a ring structure with five carbons and one nitrogen.
ii) Pyridine exhibits aromatic character
iii) Pyridine contains a tertiary nitrogen

(b) Give the mechanism of obtaining quinoline by Skraup synthesis.
What happens when quinoline is subjected to mild and catalytic reduction?

(¢) How furfural undergoes the following reactions?
iy Cannizzaro reaction , ii) Perkin’s reaction

3.(a) Hlustrate the mechanism of electrophilic substitution of benzene with suitable examples.

(b) Polysubstitution of benzene is a very common phenomenon in case of Friedel-Craft’s
alkylation reaction while polyacylation reaction is a very rare phenomenon in case of
Friedel-Craft’s acylation reaction: Justify.

(c) What happens when benzene is treated with the following reagents and reaction
conditions? '
i) Chlorine in presence of sunlight
ii) Fuming sulphuric acid
jii) Air in presence of vanadium pentoxide

4.(a) Write down the structures of the following alkaloids and classify them on the basis of
heterocyclic rings present in their structure.
1) Hygrine i) Mysomine iiiy Papavarine iv) Primaquinine vy Coniine

(b) How the functional nature of oxygen can be identified in the structure of
alkaloids.

(c) How will you prove that the atkaloid coniine contains a pyridine nucleus with a side
chain at C-2 position ?

4x2=8

5x3=15

3x3=9

6+5=11

2x5=10.

Ix4=12

5x2=10
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- SECTION-B
(There are FOUR questions in this section. Answer any THREE)

Draw all possible isomeric structures of the hydrocarbons having molecular formula CsHy,.
Identify the primary, secondary and tertiary hydrogen atoms in these structures. Name each
of them according to the [TUPAC system.

What are the two possible structures of A (CsHiz) when it shows the following results

() (A} + Bry/CCly — Colorless solution

(i) (A) + Dil. cold KMnO4 — Brown precipitation

(iii) (A) + O3 followed .by treatment with Zn/CH:COOH or dimethyl sulfide gwes
CH3CH:CHO as the only product.

How will you prepare 2,2-dimethylpropane by Corey-House synthesis? Give the mechanism.

Which one of the fo]lowmg ring compounds is the most stable? Explain in favor of your
choice.

Cyclopentane, Cyclopropane, Cyclobutene, Cyclohexane

Write structural formulas for the two chair conformations of cis-1-isopropyl-4-
methylcyclohexane. Are these two conformations equivalent? If not, which would be more
stable? Which would be the preferred conformation at equilibrium?

‘What would be the major product when dehydrohalogenation of 2-bromo-2-methylbutane is
carried out with potassium tert-butoxide in tert-butyl alcohol? Give the mechanism.

Although ethyl bromide and isobutyl bromide are both primary halides, ethyl bromide
undergoes Sx* reactions more than 10 times faster than isobutyl bromide does. When each
compound is treated with a strong base/mucleophile (EtO7), isobutyl bromide gives a greater
yield of elimination products than substitution products, whereas with ethyl bromide this
behavior is reversed. Give the reactions. What factor accounts for these results?

What experimental conditions would you choose to ensure that elimination is favored: over
substitution for the conversion of tert-butyl chloride to 2-methylpropene?

Write the enantiomeric forms of bromochlorofluoromethane and assign each enantiomer with
(R) or (S) designation.

What stereoisomers would be obtained from hydroboration—oxidation of the following
compounds?

a) cyclohexene b) 1,2-dimethylcyclopentene ¢) 1-ethylcyelohexene d) cis-2-butene
Identify the three products that are formed when 2-bromo-2-methylpropane is dissolved in a
mixture of 80% ethanol and 20% water. Discuss the mechanisms.
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1. f(a)
(b)
2 (a)
(b)
3 (a)
(®)
4,

SECTION-A

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

Discuss Newton-Raphson method for the solution of flx) = 0. Use Newton-
Raphson method to find solution of the equation e&*+2™+2cosx—6=0 for
1< x <2 accurate to within 1077,

Use simple fixed-point iteration to locate the root of f(x) = sin(Vx ) —x . Use

an initial guess of xy = 0.5 and iterate until the error estimator &, < 0.01% .
Use the numbers x¢ = 2, x; = 2.75 and X, = 4 to find the second Lagrange

interpolating polynomial for f(x) = 1/x. Then use this polynomial to approximate

fG3)=1/.

Use the Newton's forward-difference formula to construct interpolating

polynomials of degree one, two and three for the following data. Approximate the

value of £(0.25) using the polynomial.

£(0.1) = -0.62049958, f(0.2) =—0.28398668, /(0.3) = 0.00660095,
£(0.4) = 0.24842440 .

Find the first and second derivative of fix) at x = 51 from the following data:

X .

50

60

70

80

90

fix):

19.96

36.65

58.81

77.21

94.61

Derive general quadrature formula for equidistant ordinates and hence find
Simpson's 1/3 rule as well as Simpson'’s 3/8 rule.

2 {
Evaluate I 2 373
-2 54

dt with 1= 0.5 by using (i) Trapezoidal rule (ii) Simpson's 1/3

rule. Also compare the result with exact value of integral.

(13)

(15)

(15)

(15)

(15)

(15)

(30)



(a)

(b)

(a)

(b)

(a)

(b)

(a)

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

Solve Z—Z = x? + y2, y(0) = 0 by Picard’s method up to the third approximation.
Hence find the value of y(0.2). '

Using Runge-Kutta method of 4" order, solve the differential equation
% =1+ y2%, y(0) = 0. Hence find the value of y(0.4) taking h = 0.4.

An analysis of workers resulted in the following distribution:

Eamings (Tk) | 50-70 {70-90 | 90-110 | 110-130 | 130-150 | 150-170 | 170-190
No. of | 4 8 12 20 6 7 3
Employees

Calculate the first four moments about assumed mean. Convert ‘the result into
moments about the mean. Using moments calculate the coefficient of skewness and
kurtosis and comment on the result obtained.

From a box containing 4 black balls and 2 green balls, 3 balls are drawn in succession,
each ball being replaced in the box before the next draw is made. Find the probability
distribution for the number of green balls.

Each sarhple of water has a 15% chance of containing a particular organic pollutant.
Assume that the samples are independent with regard to the presence of the pollutant.

1. Find the probability that in the next 18 samples, exactly 3 contain the poliutant.
. Determine the probability that at least four samples contain the pollutant.
11i. If x is the number of samples that contain the pollutant, then determine the

probability that 3 <x < 7.

The IQs of 500 applicants to a certain college are approximately normally distributed
with a mean of 110 and a standard deviation of 15. Note that IQs are recorded to the
nearest integers. If the college requires an IQ of at least 95, how many of these
students will be rejected on this basis of IQ, regardless of their other qualifications?
(Necessary table attached)

To study the tensile strength of a certain type of wire, the following pairs of
observations were recorded, where x is the-diameter in cm and y is the mass
supported in kg/cm.

06 (08 |10 |12 (14 |16
14 |26 |50 |56 |42 |98

i. Fitalinear regression model Y on X.
ii. Is the linear model appropriate for given data, justify your result using

(15)

as)

(20)

(10)

(18)

(12)

(15)



coefficient of determination?

(b) A random sample of 100 recorded deaths in the United States during the past year (15)
showed an average life span of 71.8 years. Assuming a population standard deviation
of 8.9 years, does this seem to indicate that the mean life span today is greater than 70
years? Use a (.05 level of significance. (Necessary table attached)
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- t-test table

com. prob tm tn te tm te ta tan (m Cane tam Coms
wi 050 025 020 015 010 005 0025 0.01 0005 0.001 0.0008]
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1 0.000 1000 1376 1663 3078 6314 n B2 6366 31831 636.682
2 0000 0816 1.06t 1388 1686 2820 4303 4fes 089626 22327 31.689
8} 0000 OY85 0978 1260 1638 2383 3182 4541 8841 10215 12004
0000  O0.741 09641 1980 15633 2132 2778 3747 4004 7473 AST0

7 0000 0:711 0 1:1 12 14186 t888 2383 2008 3490 4TSS B.
Bl 0000 0708 0889 1408 1367 1860 2308 2808 3358 4801 504
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a4 il £ et e ey T a3 SN . BB e i
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1 0895 0873 1088 1356 1782 2479 2681 3055 3930 4318
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T R i BBE Wirkl 53 71 150 A WSV S B68 X
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 SECTION-A
There are FOUR questions in this section. Answer any THREE
All the symbols have their usual meanings-

Assume reasonable values for missing data.

1. (a) From the following demand function, make a hypothetical demand schedule
and plot the curve.
Q = 100 - 20P + P2,

(b) What are the factors that influence the shifting of the supply curve? Explain.

2. (a) How would you measure price elasticity of demand at any point of a straight

line demand curve? Explain graphically.

(b) From the following table calculate elasticity of demand if you move from
point B to C and explain what you understand from the result.

POINT Px Qy
A 550 120
B 750 150
C 930 180
3. (a) What is an indifference curve? Explain the properties of an indifference

CUrve.

(i3)

(15)

(13)

(15)

(13)

-y

e



(b) ) From the following budget line and the utility function, calculate the (15)
amount of two commodities that maximizes satisfaction. What is the maximum

amount of satisfaction?

4000 = 35X +45Y
U =500 X®Y®7

(a) How is price determined in an economy tnder competition? What will (15)
happen to the price and quantity due to simultaneous change in demand and
supply? .

(13)

(b) From the following demand and supply functions, calculate equilibrium
price and quantity and show the.result in a graph.

P=0200Q+10
P=—010Q +40
i) What will happen to the equilibrium price and quantity if
.government imposes a unit tax of TK 10 per unit?
i) What will happen to the equilibrium price and quantity if

government gives a subsidy of TK 20 per unit?
iii) Describe the change in equilibrium. Show the equilibrium
coordinates on the same graph.

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

(a) What are the major concerns of Macroeconomics? What tools are used to (15)

achieve macroeconomic objectives?

(b) What is aggregate demand? What is aggregate supply? How is the (15)

equilibrium established in macroeconomics? Explain.



(a) What is GDP? Distinguish between Nominal GDP and Real GDP.

(b) What are the different approaches of measuring national products of a
country? Why are these approaches found equivalent?

(a) What is inflation? What are the causes of inflation? What are the
consequences of inflation?

(b) What does the simple quantity theory of money predict about the impact of
money supply on the economy's price tevel? Explain.

(a) Using hypothetical numbers, explain the money creation process of the
commercial banks. How does money multiplier set a maximum ceiling for the

creation of money by the commercial banks?

(b) What are the tools that central banks use to control money supply in the

economy? How do these tools work?

(15)

(13)

(15}

(15)
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