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USE SEPARA TE SCRIPTS FOR EACH SECTION

SECTION -A

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

1. (a) What are the basic differences between polar and non-polar solids? Elaborate on the

material properties that emerge from these differences. (12)

(b) Describe the differences between ferroelectric and pyroelectric crystals. (12)
(c) How does dielectric constant affect refractive indices in optoelectronic materials? Explain

in terms of Bragg's law. (11)

2. (a) Derive the Debye equations. (20)

(b) Using the Debye equations, find the expression for loss tangent (tan8). Show that (15)

s: I Erdc - Erootan u = --;:::======
max 2~Erdc' Eroo

What is the value of't at the maximum oftan8? (symbols have their usual meanings).

3. (a) Some metals show a residual resistivity at ultra-low temperatures. Explain why.

Identify the technological challenges related to liquifying gases which led to the

discovery of H. Onnes.

(b) Explain the formation of Copper pair in BCS theory of superconductors.

(c) What material properties are responsible for the Geim's frog to levitate? Can you

identify some other real-life phenomena related to this property?

4. (a) When an applied magnetic field (B) is present, this field produces a torque on the

magnetic dipole of orbiting electrons. As such, the magnetic dipole precesses around B,

at a frequency called Larmor frequency (roL =~J. If the magnetic moment of an
2me

electron in the ground state of hydrogen atom is 1.0 Bohr magneton, calculate the

induced magnetic moment in a field of 1 weber/m? Compare the two values. (Explain

your reasoning for any required educated guesses).

(b) Explain, with proper figures, the origin of giant magneto resistance III certain

materials.

(c) What do you mean by effective-medium ~ypothesis. Why "double-negative" materials

are so special? Give some real-life examples.
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SECTION-B

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

5. (a) With neat sketch, briefly discuss three major crystal defects. Also explain the effects

of these defects in optical and electrical properties of materials. (20)
(b) Why do we need to find crystal direction and plane? Consider an imaginary crystal

(X) having Simple Cubic (SC) structure with radius of atom 0.12 nm. (15)
(i) Find the relation between radius of atom and lattice constant.
(ii) Find APF.
(iii) Draw and find the planar concentration of (110) plane.

6. (a) What is the significance of Hall coefficient RH? Briefly discuss how a hall effect

current sensor works. (10)
(b) Briefly explain Nordheim's rule and its application. (10)
(c) Given that the mean speed of conduction electrons in copper is 1.5 x 106ms -I and the

frequency of vibration of the copper atoms at room temperature is about 4 x 1012 S-I,

estimate the drift mobility of electrons and the conductivity of copper. The density d of

copper is 8.96 g cm-3 and the atomic mass is 63.56 gmoCl. (15)

7. (a) With neat sketch, find the expression for electron wavefunction and energy, trapped in
an infinite potential well, with respect to well width. From these expression, show that
energy of the confined electron is quantized. Also comment on the effect of changing

well in the energy levels, E and ~E. (20)
(b) Briefly explain the significance of de-Broglie relationship and Heisenberg's

Uncertainty principle. (10)
(c) Write down Schrodinger equation for different regions shown in Fig. for Q. 7(c) and

draw the approximate wavefunction for electron energy E < Vo and E > Vo. (5)
- ---~- ~_. __ ._~--~- ~---~~--_._-----
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8. (a) What is electron effective mass? How can we get electron effective mass from

electronic band structure? How do we measure electron effective mass? (10)
(b)Write short notes explaining the significance and application of following: (25)

(i) Fermi Energy and Fermi level
(ii) Bloch wave
(iii) Fermi-Dirac Statistics (Also discuss temperature dependence)
(iv) Density of states
(v) Band gap
(vi) Brillouin Zone
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USE SEPARA TE SCRIPTS FOR EACH SECTION

SECTION -A

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

1. (a) What are the elements of financial statements?

(b) Define gain and losses with example.

(c) Apparels PLC, owned by Jimmy Rosh, had started operations in 2015. During the first

month of operation, the company had the following transactions:

(5)

(5)

(25)

January 1:

January 2:

. January 8:

January 12:

January 18:

January 19:

January 20:

January 24:
January 26:

January 30:

Jimmy Rosh invested Tk. 80,000 in the business.

Advertised the business in "The New Nation" for Tk. 3,000 on
account.
Purchased supplies Tk. 6,000 in cash .

Purchased office equipment for Tk. 35,000; paying Tk. 15,000 in
cash with the remaining on account.
Provide services and billed client for Tk. 25,000.

Paid balance due to "The New Nation".

Salary of Tk. 18,000 for the month paid on cash.

Received from customers on account from January 18 transactions.
Provided services for cash Tk. 14,000.

Borrowed Tk. 25,000 from bank by signing a note.

Required:

(i) Show the effects of the above transactions on the accounting for the month of

January, 2015.

(ii) Also prepare an income statement for the month.

2. (a) Maria Helen, a business graduate, had started her own consulting firm "Helen M

Consulting" in the year 2010. On January, 2011, her ledger accounts include the

following accounts with the balances as given:

Accounts name Amount (Tk.) Accounts Name Amount (Tk.)

Cash 27,000 Equipment 12,000

Accounts receivable 18,000 Accounts payable 14,000

Building 35,000 Helen, Capital 78,000

Contd PI2
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Contd ... Q. No. 2(a)

During the month, she had the following events and transactions:

January 5: Performed consultancy services and billed for Tk. 14,000.

January 15: Received Tk. 8,000 cash advance from a client for consultancy
service to be provided.

January 18: Ordered for special supplies required for providing services.

January 20: Paid for a one year insurance policy purchased in cash Tk. 12,000.

January 22: Salary due but unpaid Tk. 8,000.

January 26: Amount received from a client which was on account Tk. 12.000.

January 30: Due salary paid in cash Tk. 8,000.

Required:

(i) Journalize the above transactions.

(ii) Post the journals to the respective ledger accounts.

(b) Following information is available for "Walton Company" -

Walton Company
Income Statement

For the year ended December 31,2012
Amount (Tk.)

Net sales 600,000

Expenses:

Cost of goods sold 415,000

Selling and administrati ve 120,800

expense

Interest expense 7,800

Income tax expense 18,000

Total expense 561,000

Net income 38.400

Walton Company
Income Statement

For the year ended December 31,2012
Asset Amount (Tk.) Liabilities and Equity Amount (Tk.)

Cash 21,000 Accounts payable 122,000

Investment (Short term) 18,000 Income tax payable 23,000

Accounts receivable 86,000 Bond payable 120,000

Inventory 90,000 Common stock (Tk. 5 par) 150,000

Plant asset 423,000 Retained earnings 223,000

Prepaid expenses 2,000 Notes payable (1 year) 2,000

Total asset 640,000 Total Liabilities and Equity 640,000

Other information: Common stock recently sold at Tk. 19.50 per share.

Contd P/3
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Required: Calculate
(i) Quick or acid test ratio.

(ii) Current ratio .

.(iii) Return on equity (ROE).
(iv) Debt to total asset.

(v) Earnings per share (EPS).

(vi) Price earnings ratio.
(vii) Inventory turnover.

3. (a) Write down the types of prepayment under adjusting entries and identify the types of

adjustments applicable to each category. (5)
(b) The Trial Balance of "AI-Amin State Company" at May 31, 2014 is given below - (30)

Al-Amin State Company
Trial Balance
May 31, 2014

Accounts Title Debit (Tk.) Credit (Tk.)

Cash 10,000

Accounts receivable 5,000

Prepaid insurance 2,400

Supplies 1,500

Office furniture 15,000

Accounts payable 5,500

Unearned service revenue 6,000

Capital 22,500

Service revenue 5,900

Salary expense 2,000

Rent expense 1,000

Maintenance expense 2,000

Drawings 1,000

Total 39,900 39,900

Other information:
~ Accrued rent is Tk. 600.
~ Maintenance expense incurred but not paid on May 31, Tk. 8000.
~ Tk. 3,000 of service performed during the month but has not been recorded as of
May 31.

~ Unearned service revenue ofTk. 1,500 has been earned.
~ Tk. 1,000 of supplies has been used during the period.

~ Office equipment is being depreciated at Tk. 250 per month.

~ Accrued salary in Tk. 1,000.
Required:

(i) Prepare necessary adjusting entries.

(ii) Prepare an adjusted trial balance as a May 31, 2014.
Contd P/4
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4. (a) What are the classifications of liability under a classified balance sheet? (5)
(b) The adjusted trial balance of "XYZ Company Ltd." on December 31, 2015 is given

below: (30)
"XYZ Company Ltd."

Trial Balance
31st December, 2015

Accounts Title Debit (Tk.) Credit (Tk.)

Cash 19,600

Accounts receivable 23,600

Prepaid Insurance 1,400

Land 56,000

Building 106,000

Equipment 49,000

Accounts payable 10,400

Unearned rent revenue 2,800

Notes payable 200,000

Capital 120,000

Drawings 18,000

Service revenue 75,600

Rent revenue 26,200

Advertising expense 17,000

Salary expense 35,000

Utility expense 15,800

Patents 100,000

Insurance expense 1,700

Depreciation expense - Building 2,500

Depreciation expense - Equipment 3,900

Interest expense 900

Salary payable 9,000

Accumulated depreciation - Building 2,500

Accumulated depreciation - Equipment 3,900

Total 450,400 450,400

Note that Tk. 20,000 of the notes payable will be paid within the current year.

Required:

(i) Prepare a single step income statement for the year ended December, 2015.

(ii) Prepare an owners' equity statement and a classified balance sheet at 31st

December, 2015.

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

5. (a) Define the term 'Opportunity Cost" and "Sunk Cost" with examples. (5)
(b) The following information has been taken from the accounting records of Alif

Corporation for last year, 2015. (30)
Selling expense Tk. 1,40,000

Raw material inventory, January 1 90,000

Raw material inventory,- December 31 60,000

Utilities, factory 36,000

Direct labor cost 1,50,000

Depreciation, factory 1,62,000

Purchase of raw materials 7,50,000

Sales 25,00,000

Insurance, factory 40,000

Supplies, factory 15,000

Administrative expense 2,70,000

Indirect labor 3,00,000

Maintenance, factory 87,000

Work-in-process Inventory January 1 1,80,000

Work-in-process Inventory December 31 1,00,000

Finished goods Inventory, Beginning 2,60,000

Finished goods Inventory, Ending 2,10,000

Required:

(i) Prepare a schedule of cost of goods manufactured.
(ii) Compute the cost of goods sold statement.

(iii) Prepare an Income Statement.

6. (a) What are the differences between process costing and job order costing? (5)
(b) Hexim Corporation is a manufacturer that uses job-order costing. The company
applies overhead cost to jobs on the basis of machine-hours worked. For the current year,
the company estimated that it would work 75,000 machine-hours and incur Tk. 450,000

in manufacturing overhead cost. The following transactions were recorded for the year. (30)
(i) Raw materials were purchased on account Tk. 4,10,000.

(ii) Raw materials were requisitioned for use in production Tk. 3,80,000 (Tk.
3,60,000 direct material and Tk. 20,000 indirect materials)
(iii) The following costs were accrued for employee services: direct labor Tk. 75,000;
indirect labor Tk. 1,10,000; sales commissions Tk. 90,000 and administrative salaries
Tk. 2,00,000.

(iv) Sales travel cost were Tk. 17,000.

(v) Utility cost in the factory were Tk. 43,000.

Contd P/6
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(vi) Depreciation was recorded for the year Tk. 3,50,000 (80% in factory and 20% in

administration).
(vii) Insurance expires during the year Tk. 10,000 (70% in factory and 30% to

administration).
(viii) Manufacturing overhead was applied to production. The company worked

80,000 machine-hours during the year.
(ix) Goods costing Tk. 9,00,000 to manufacturing according to the job cost sheets

were completed.
Required:

(i) Prepare Journal entries to record the preceeding transactions.
(ii) Prepare the T-account of manufacturing overhead.

(iii) Is manufacturing overhead underapplied or overapplied for the year? Prepare a
journal entry to close any balance in manufacturing overhead account to cost of goods

sold.

7. (a) The admitting department's costs and the number of patients admitted for Hilton Hill

Hospital during the immediately preceeding eight months are given in the following table: (8)
Month Number of Patients Admitting Department

Admitted Cost

May 1800 Tk. 14700

June 1900 15200

July 1700 13700

August 1600 14000

September 1500 14300

October 13'00 13100

November 1100 12800

December 1500 14600

Required:
(i) Use the high-low method to establish the fixed and variable components of
admitting costs.
(ii) Express the fixed and variable components of admitting cost as a cost formula in
the form y = a + bx.

(b) Tribution Company manufactures and sells a single product. The company's sale and

expense for last quarter are as follow: (20)
Total Per Unit

Sales Tk. 4,50,000 Tk. 30

Less: Variable expense 1,80,000 12

Contribution Margin 2,70,000 18

Less: Fixed expense 2,16,000

Net Income 54,000

Contd P/7
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Required:

(i) What is the quarterly break-even-point in units sold and in sales amount?

(ii) Without resorting the computations, what is the total CM at the break-even point?

(iii) How many units would have to be sold each quarter to earn a ~arget profit of Tk.

90,000? Use the CM method.

(iv) Compute the company's margin of safety both in taka and percentage terms.

(v) What is the CM ratio? If sales increase by Tk. 50,000 per quarter and there is no

change in the fixed expenses, by how much would you expect net income increase?

(c) Cape Air flies medium sized passenger jet on a route between Washington, DC; and

Cape Cod. The manager of the airline would like to estimate the relationship between the

plane's payload (i.e., total weight of passengers and cargo) and total fuel costs. On five

recent flights, the payload varied between 22 tons and 35 tons.

Payload (tons) Fuel (Cost)

Flight 1 35 $ 780

Flight 2 26 720

Flight 3 33 765

Flight 4 28 735

Flight 5 22 700

Using the least-squares regression method estimate the variable cost per ton and the fixed

cost per flight.

8. (a) Xavier Computer Company has two support departments and two operating

departments. Relevant information is given below:

(7)

(10)

Budgeted
manufacturing
overhead cost Tk.
By Legal Department
Bud eted Ie al hours
By Personnel
Department Budgeted
ersonnel hours

400

1200 3200

1200

4000

300

Total

11,00,000

8400

1900

Required: Allocate support department cost to operating departments by using-

(i) Direct method

(ii) Step-down method

Contd P/8
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(b) Write down the limitations of CVP (Cost-Volume-Profit) analysis and Net Present

Value (NPV) method.

(c) As a manager of Heliberton Company, you are going to evaluate following two

projects; named as Project S and Project L. Both projects will require initial cost of Tk.

3,000. The cash flows of the projects, subsequent to the initial year, during their 4-year

life time has been presented below:

Year Project S Project L

1 Tk.l,500 Tk.400

2 1,200 900

3 800 1,300

4 300 1,500

Assume the required rate of return is 10%.

Required: Which project you will accept, if the decision is based on:

(i) Pay-Back period.

(ii) Net Present Value.

(iii) Internal Rate of Return.

(10)

(15)
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SECTION-A

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

Symbols have their usual meanings.

1. (a) Determine if the following signals are periodic or aperiodic. If periodic, find the

period: (20)

(i) x(t) = 3cos( 4t + 7t I 3),

(ii) x(t) = [cos(2t-7t/3)f,
7

(iii) x(t) = L e -(2/-n) ,
n=-7

(iv) x(t) = eJ(llt-I) .

(b) Find whether the following signals are power or energy signals.

(i) x(t) = e -/ cos(3t) u(t),
(ii) x(t)=u(t)-2u(t-2)+u(t-5),
(iii) x(t) = te-/u(t)- 8(t - 2k),o k =O,:t 1,:t 2 ... :t a

2. (a) Evaluate the following:

a

(i) ff(t)8(t--r)d-r,
-a

a

(ii) f&2 +3t+2)8(-I-t)dt,
-a

(15)

(20)

(iii)

(iv)

(v)

(vi)

1e(t-I) sin{ ~ (t - 5)} 8(t +3) dt ,
-a

(J:+2) 8(w),
w +9

. 1 8(w-3)
jw+2

5

f u2(1- -r)cos 27t-rd-r,o u2(t) = a2u(t )/ dt 2 .

-5

(b) For the following system, find if it is (i) linear, (ii) time-invariant, (iii) causal

(iv) memoryless, and (v) stable: (15)

y(t) = sin{x(t) + x(t - 2 )},o t ~ 0

Contd P/2
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3. (a) A linear time-invariant (LTI) system is described by the following input-output

relation:

y"(t) + 6y(t)+ 9y(t) = 2x'(t)+ 8x(t)
(20)

(i) Draw the simulation diagram of the system for first canonical form (ii) Write the

state-equation of the system, (iii) Find the state-transition matrix of the system,

(iv) Determine the stability ofthe system.

(b) The unit impulse response of an LTI system is given by (15)

h(t) = le-31 _e-21 Ju(t)
Find the zero-state responses of the system for the inputs (i) u(t) and (ii) e-Iu(t) .

4. (a) The Fourier series of a certain periodic signal is given by (20)

x(t) = 3+ .J3 cos 2t + sin 2t + sin 3t - ~ cos(5t +~)

Determine the output voltage y(t) for the following circuit, where x(t) is the input

supply of the circuit. Assume zero-initial conditions.

Is the circuit distortionless?

(b) x(t) and y(t) are periodic signals with period T = 1/2, and gIven by

x(t) = cos( 47tt) and y(t) = sin( 47tt). Find the Fourier series coefficients of z(t) using

the multiplication property, where z(t) = x(t)y(t). (15)

SECTION-B

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

5. (a) Signal x(t) has the Fourier transform

X(w) = 2+ j4w+w2

3+ j4w-w2

Find the Fourier transform of

(10)

(i) x(t)* x(t -1) (ii) x( - 2t + l)e - j21
Contd P/3
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(b) Consider the system shown in Fig. for Q. No. 5(b). The systems hl(t) and h2(t),
respectively, have frequency responses:

HI (w)= ~[Ho(W - wo)+ Ho(w + wo)]

H2 (w)= - ;j [Ho(w - wo)- Ho(w + wo)]

Draw the magnitude spectra of Xl (t), x2 (t), Yl (t), Y2 (t) and y(t).

. ( ) () sin(t) sin(t / 2)(c) Sketch the magmtude spectrum I X w I for X t = 2 .
nt

00

6. (a) For the signal x(t) = L3(t - nT) with period T, find Fourier series representation
n=-oo

(15)

(10)

and Fourier transform representation. Also find the power-density spectrum of x(t). (10)
(b) Let x(t) and y(t) be low-pass signals with bandwidths of 150 Hz and 350 Hz,

respectively, and let z(t) = x(t) y(t). The signal z(t) is sampled using an ideal sampler

at intervals of Ts sees. (12)
(i) What is the maximum value that Ts can take without introducing aliasing?

(ii) If (t) . (300nt) (t) . (700nt)X = sm ~ ' y = sm ~

Sketch the magnitude spectrum of the sampled signal for.
(i) Ts = 0.5 ms and (ii) Ts = 2 ms

(c) The input and the output of a causal LTI system are related by the differential

equation (13)

d2y
2
(t) +6 dy +8y(t)= 2x(t)

dt dt
(i) Find frequency response H(w).
(ii) Using frequency domain approach find the response of this system if

x(t) = te-2tu(t).
Contd P/4
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7. (a) For an LTI system with input x(t) and output y(t), the state space parameters are

A, b, c, and d. The state space representation is as follows

v'(t) =A vet) +b x(t)

yet) = c vet) + d x(t)

Derive an expression of system transfer function H(s). Also find H(s) and h(t) for the

following parameters.

A=[~~ ~lb~[~lc =[-1 -1], d =1

(17)

(b) Using Laplace transform method, find yet) for the following differential equation (13)

y"(t)+5y'(t)+6y(t)=2e-tu(t), y'(O- )=-2 and y(O- )=3
(c) Explain briefly the D'Alemberl's principle.

8. (a) For the circuit shown in Fig. for Q. No. 8(a), find yet) considering vc(O- )= 1 volt,

iL (0- )= 2 amperes, and x(t) = u(t). Use Laplace transform method and incorporate the

initial energy for the inductor and the capacitor in your transformed model.

'---,-. -.- -- '-'-'~-----:--~--~._~~~-------i.52

<-<-'

(b) For the Fig. for Q. No. 8(b), find yes) and final value ofy(t) .

(5)

(15)

(10)

Gr (S), <, .

.' ....•.' .I . <

2- s)~Sf2

~8' ..~ '~~+~3-~

x.(-b) = 2. u.
" [£ )-= u(t ).

Contd P/5
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USE SEPARATE SCRIPTS FOR EACH SECTION

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

Symbols have their usual meaning.

1. (a) Design circuits that can be used for (6+6)
(i) Binary-to-Gray Code conversion
(ii) Gray-to-Binary Code Conversion

(b) Convert the following (6+6+6)
(i) 111.68 to decimal

(ii) 762.0138 to binary

(iii) 1011001110.0110111012 to hexadecimal number

(c) Explain the advantage of the Gray code. (5)

2. (a) Find the minimum-cost POS form of logical expression for the following function.

Also write the verilog code for the circuit using the continuous assignment. (12+5)
j(Xl,X2,X3,X4) = ITM(O, 1,2,4,5,7,8,9,10,12,14,15)

(b) Implement the minimum-cost POS function of Q. 2(a) with minimum number of

universal gates. (9)
(c) Derive a CMOS complex gate for the minimum-cost POS function ofQ. 2(a). (9)

3. (a) A pseudo-NMOS circuit is shown in Fig. for Q. 3(a). Show that the low-output

voltage, (17)
~---..--- ---~-------~--
I

where,

Vx = VDD, VT = VTN = -VTP,

kp = kp'W;Lp and kn = kn'W,/Ln

I

. I

(b) For the switching operation in a CMOS inverter, derive the expression for the

propagation delay, lp. (18)
Contd P/2
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4. (a) Design a circuit that converts a 3-bit binary 2's-complement number X to its negative -X,

represented as a binary number in 2's-complement form. The circuit should be composed

only of NAND gates and the smallest possible number of such gates should be used.

(b) A circuit with two outputs has to implement the following functions

j{x), , X4) = L: m(O, 2, 4, 6, 7, 9) + D(lO, 11)

g(x), ,x4)=L:m(2,4,9, 10, 15)+D(0, 13, 14)

Design the minimum-cost circuit. Assume that the input variables are available in both

uncomplemented and complemented forms.

(c) Write the verilog code for a 16 bit adder with overflow function using 'Concatenate'

operator and 'Always' Block.

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

All the symbols and notations used in this section have their usual meanings.

(14)

(14)

(7)

5. (a) Give a very brief account of similarities and dissimilarities among the following logic

units on the basis of number of data inputs, select inputs, enables, and outputs - (10)
(i) Multiplexer

(ii) Demultiplexer

(iii) Encoder

(iv) Decoder

Also write the Boolean expression for the output of an n-to-1 line multiplexer.

(b) Use only 4-to-1 line multiplexers to build a 16-to-1 line multiplexer. Write the

Verilog code for this multiplexer. (10)

(c) Show how a 2x2 crossbar switch can be implemented by using multiplexers. Also

identify the function for which the following truth table is formed and implement that

function by using 4-to-1 multiplexers and other necessary logic gates.

w) W2 W3 f
0 0 0 0

0 0 1 1

0 1 0 1

0 1 1 0

1 0 0 1

1 0 1 0

1 1 0 0

1 1 1 1

Truth Table for Q. No. S(c)

Contd .......... P/3

(15)
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6. (a) For the logic function f(wi. ... , wn), show that Shannon's Expansion can be done in

terms of more than one variable. Prove that if Shannon's expansion is done in terms of all

n variables, then the result is the canonical sum-of products form. (10)
(b) Design and implement a 3-to-8 decoder using two 2-to-4 decoders and other

necessary logic gates. Write the Verilog code for this decoder. (10)
(c) What is the main problem of a binary encoder? How the priority encoder overcomes

this? Design and implement an 8-to-3 (lower) priority encoder using basic gates only... (15)

7. (a) Design a circuit that can shift a 4-bit vector W = W3W2WIWO one bit position to the

right when a control signal Shift is equal to 1. Let the outputs of the circuit be a 4-bit

vector Y = Y3Y2YIYO and a signal k, such that if Shift = 1 then Y3 = 0, Y2 = W3, YI = W2, Yo =

WI and k = WOo If Shift = 0 then Y = W and k = O. (10)
(b) Design (or convert in applicable cases) the following Flip-Flops (FFs) and write their

corresponding characteristic tables - (10)
(i) Basic S-R FF with NAND gates (design)

(ii) J-K FF with basic S-R FF (convert)

(iii) T FF with J-K FF (convert)

(iv) D FF with J-K FF (convert)

(c) What is the difference between synchronous and asynchronous counter? Design a 4-

bit asynchronous (or ripple) down-counter with J-K Flip-Flops only. Show that this

counter can be converted to an up-counter with minimum change. (15)

8. (a) Design a 4-bit counter with D flip-flops and other necessary gates so that the counter

has an enable input and parallel-load capability. (10)

(b) Write short notes on the following: (10)
(i) Ring counter

(ii) Verilog constructs for storage (memory) element

(c) Design a circuit that can be used to control a vending machine. The circuit has five

inputs: Q (quarter), D (dime), N (nickel), Coin, and Resetn (active low). When a coin is

deposited in the machine, a coin-sensing mechanism generates a pulse on the appropriate

input (Q, D, or N). To signify the occurrence of the event, the mechanism also generates

a pulse on the line Coin. The circuit is reset by using the Resetn signal. When at least 30

cents has been deposited, the circuit activates its output, Z. No change is given if the

amount exceeds 30 cents. (15)
Design the required circuit by using. the following components: a six-bit adder, a six-bit

register, and any number of AND, OR, and NOT gates.
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USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. The one-line diagram of a three-phase power system is shown in Fig. for Ques. NO.1.

,~-,--------.- -t---._---

'~
-------,..-'--------'1'- .- - ., -'~-------,

. 'I f-j2 4 ILme " . ,
220kV

Line 2
) IOkV

Load

Fig. for Ques.No.).

The manufacturer's data for each device is given as follows:

G: 90MVA 22kV X = 18 %

Tj: 50MVA . 22/220 kV X = 10 %

T2: 40MVA 220/11 kV x= 6.0 %

T3: 40MVA 22/110 kV X= 6.4 %

T4: 40MVA 110/11 kV X= 8.0 %

M: IOMVA 10.45 kV X= 18.5 %

The three-phase load at bus 4 absorbs 15 MVA, 0.6 power factor lagging at 10.45 kV.

Line 1 and line 2 have reactances of 48.4 Q and 65.43 Q, respectively. Select a

common base of 100 MVA and 22 kV on the generator side.

(i) Determine the voltage bases for all sections of the network. (4)
(ii) Determine the per-unit reactances of G, Tl, T2, T3, T4, and M on the selected

base.

(iii) Determine the impedance bases for line 1 and line 2 and the per-unit reactances

oflines 1 and 2.

(iv) Determine the load impedance in ohms. Also, determine the base impedance in

the circuit of the load and the load impedance in per-unit.

(v) Draw an impedance diagram with all impedances including the load impedance

marked in per-unit.

(vi) Determine the voltage at the generator bus bar (bus 1) if the motor operates at

full-load 0.8 power factor leading at a terminal voltage of 10.45 kV.

(6)

(4)

(6)

(5)

(10)
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2. (a) A balanced three-phase load consists of ~-connected impedances Zt<, in parallel with

Y-connected impedance Zy grounded through an impedance Zg, as shown in Fig. for

Ques. No. 2(a). la, Ib, and Ie are the currents flowing in the lines from the supply

towards the load; Va, Vb, and Ve are the supply voltages; and Vn is the voltage of the

neutral point.

~- ---~-

z{!,

Fig. for Ques. No. 2(a)
--~------------------------

(i) Determine the value of the scalars r, sand t (in terms of ZLl and Zy) in the

following matrix equation:

Hint: Express la, Ib, and Ie in terms of Va, Vb, Ve and Vn by applying Kirchhoffs Current
"

Law.

(6)

(ii) Find the decoupled equations for 1(0) 1(1) and 1(2) in terms of V(O) V(l)a'a a a'a

and V(2) by expression V. in terms of 1(0) 1(1) 1(2) and Z and performinga n a , a , a g,

matrix manipulations.

(iii) Draw the positive-,netative-,and zero-sequence circuits of the combined

load.

(b) Three identically-connected resistors form a load bank with a three-phase rating of

2300 V and 500 kVA. If the load bank has applied voltage IVabl= 1840 V, Wbel = 2760

V, and Weal = 2300 V, find the line voltages and currents in per unit into the load.

Assume that the neutral of the load is not connected to the neutral of the system and

select a base of2300 V, 500 kVA. Also, calculate the power absorbed in the load using

symmetrical components.

Contd P/3

(8)

(6)

(15)
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3. (a) Show that for a line-to-line fault through impedance as shown in Fig. for Ques.

No. 3(a)

1(1) = Vf
fa ZI +Z2 +Zf

where the symbols have their usual meaning.
.. -.--- --;----_._---~~a-------....----

!fai I

(15)

,_",,"'""'"b

Z"f
Fig. for Ques. No. 3(a) ~.J----------'-----

(b) Two synchronous machines are connected through three-phase transformers to the

transmission line shown in Fig. for Ques. No. 3(b).

Fig. forQues. No.3(b)
'--- ----~._-----_.- ____'_ ---J
The rating and reactances of the machines and transformers are

Machine 1 and 2: 100 MVA, 20 kV
Xd =XI-X2 =20%
Xo =4% X =5%, n

Transformers T1 and T2: 100 MVA, 20N345Y kV X=8%

On a chosen base of 100 MVA, 345 kV in the transmission-line circuit, the line

reactances are Xl = X2 = 15% and Xo = 50%. The system is operating at nominal

system voltage without prefault currents when a bolted (Zf= 0) line-to-line fault occurs

at bus 3.

(i) Draw each of the three sequence networks, and determine the Thevenin

equivalent impedance of each network for the described fault.

(ii) Determine the subtransient currents in the fault.

(iii) Determine the line-to-line voltages at the fault bus.

(iv) Determine the sequence components of the line-to-line voltages at the

terminals of machine 2 (bus 4) disregarding the phase shifts due to the Y-IJ.

transformers.

Contd P/4

(6)

(4)

(4)

(6)
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4. (a) The wiring diagram of a three-phase L1-Y transformer is shown in Fig. for Ques.

No. 4(a). Windings drawn in parallel are linked by the same flux. With the help of neat

phasor diagram, determine the phase angle by which the negative sequence component

of line-to-neutral voltage on the L1 side, Vj2) , lags or leads the negative sequence

component of line-to-neutral voltage on the Y side, V;2) .

--~~------~--------------
A

B
H2•.......•

IB •.......•
C

H) IBe
--+
Ie

Fig. for Ques. No. 4(a)

(b) A 100-MVA 18-kV turbogenerator having X; = XI = X2 = 20% andXo = 5% is to

be connected to a power system. The generator has a current-limiting reactor of

0.162 Q in the neutral. Before the generator is connected to the system, its voltage is

adjusted to 16 kV when a double line-to-ground fault develops at terminals band c.

Find the initial symmetrical rms current into the fault.

(c) Describe a trip circuit and the fault clearing process.

(d) Define and explain the following:

(i) Sensitivity of relay

(ii) Fault clearing time, Relay time and Breaker time

(iii) Distance protection

SECTION-B

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

5. (a) A generator is connected through a transformer to a synchronous motor. Reduced to

the same base, the per-unit subtransient reactances of the generator and the motor are

0.15 and 0.35 respectively, and the leakage reactance of the transformer is 0.10 per

unit. A three-phase fault occurs at the terminals of the motor when the terminal voltage

of the generator is 0.9 per unit and the output current of the generator is 1.0 per unit at

0.8 power factor leading. Find the per-unit subtransient current in the fault, in the

generator and in the motor.

Contd PIS

(10)

(10)

(9)

(15)
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(b) For the network shown in Fig. for Q. 5(b) bus A and bus B are connected by two

sets of three phase transmission lines. Suddenly a balanced fault has occurred at the

mid-point of transmission line-2. Assuming zero-prefault currents, determine in per-

(i) the sub-transient fault current

(ii) the voltage at bus-A and bus-B during fault

(iii) the subtransient current from generator-l and generator-2 during fault

(iv) current contribution to the fault from bus-A and bus-B

Given that, Xd = jO.2, Xd = jO.25, X T = jO.5, XL = jO.4, where all data are in per
I 2 "1 2

unit. Use bus impedance matrix method in your analysis.

;A

----,

Fig. for Q. 5(b)
, '

6. (a) Fig. for Q. 6(a) shows the one-line diagram of a simple three-bus system. Line

impedances are marked in per unit on a base of 100 MVA. Using gauss-Seidel method,

determine the voltages at bus-2 and bus-3 after the first iteration. Given that, 100

MVAR < Q3 < 150 MVAR. (15)

1 -
- ---~' ..- -- ---~ ---

O.02+jO.04 2
------,

0.01 +jO.03

Slack Bus
111= l.05LO°

3

t200
MW

0.0125 + jO.025

"\.'3 I , 1.04

400
MW

250
Mvar

Fig; for Q.6(a)

Contd P/6
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(b) For the single line diagram shown in Fig. for Q. 6(b), the bus data and line data are

provided in tabular form. Determine the real power generation and reactive power

generation for the slack bus. Also determine the eR loss and eX in line 1-3. (20)

----~ -.--------r-- -__

2

3

-~.-- ---:.:.:Fig.for Q. 6(b) .

4

Line data (100 MVa, 230 kV base)

Line, bus- Series R Series X Shunt Y/2
to-bus (per unit) (per unit) (per unit)

1-2 0.01008 0.05040 0.05125

1-3 0.00744 0.03720 0.03875

2-4 0.00744 0.03720 0.03875

3-4 0.01272 0.06360 0.06375

Bus data

Bus Volts' Angle Generation Generation Load Load
No. (p.u.) (deg.) (MW) (MVAR) (MW) (MVAR)

1 1 0 ? ? 50 30.99

2 0.982 -0.976 0 0 170 105.35

3 0.969 -1.872 0 0 200 123.94

4 1.02 1.523 318 181.43 80 49.58

7. (a) A 50 Hz three-phase transmission line is 175 mi long. It has a series impedance of

35 + j40 n and shunt admittance of 930 x 10-6 S. It delivers 40 MW at 220 kV with

90% lagging power factors. Considering distributed components along the line, find

voltage regulation and the maximum transmittable real power using these lines.

(b) Derive the equivalent 1t circuit for a long transmission line.

Contd P17

(20)

(15)
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8. (a) Write short notes on the following:

(i) Ferranti Effect

(ii) Surge Impedance Loading

(iii) Reactive Compensation of Transmission Lines

(b) A power system consists of the following consumers.

Types No. Connected Demand Group Diversity Peak Diversity
Load Factor% Factor Factor

Factories 10 2000 40 1.2 1.5

Houses 1000 10 30 1.5 1.3

Service 5 500 35 1.4 1.6Stations

The minimum load of the system is 30% of the maximum load and the load-duration

curve is linear and capacity factor of the plant which supplies this load is 0.5.

(i) Maximum Load

(ii) Average Load

(iii) Installed Capacity

(iv) Load Factor

(v) Utilization Factor.

(15)

(20)
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