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 USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. (a) A three phase Y connected abc sequence voltage source is supplying a three phase
load having 1mpedance 12 +j9 Q in each phase If the line impedance is 0.06 +j0.12 Q

in each line connecting the source and load, determine line and phase currents, line and

phase voltages both for source and load side. Given, the load is Y connected. ‘ | - 30 %) '

(b) Make a free hand plot of signal vs. time of the following two signals: | )
() xi = A sinot, (i) x2=Agcos (@t-60°) (A1 =2A2)

From this plot determine which signal is leading with proper reasoning.

'(c) Draw the vector dragram of the following signals: | | o (9)
(i) x; = A sin (ot + 30°), (i) xp = A2 sin (ot - 30°), | |
(i) x3= Assin (90°—wt), (V) xa=xX+ X3 — X3

2.  (a) Derive the approximate equivalent circuit referred to primary of a transformer. (12)

(b) The equivalent circuit 1mpedances ofa 20 kVA, 4000/240 V, 60 Hz transformer are to

be determined. The open circuit test and short circuit test were performed on the primary -

side of the transformer and the following data were taken: ' (23 % )
Open circuit test | * Short circuit test
(on Primary) (on Primary)
Voc =4000 V Vsc =489V
loc=0214A Isc=25A
Poc =400 W - Pgc=240W

_ Flnd the 1mpedances of the approx1mate equivalent circuit referred to the secondary s1de
~ . and sketch that c1rcu1t '
(c) Draw the phasor diagram of a transformer operating at a lagging power factor unlty

- power factor and a leading power factor. In which case the voltage regulation will be

_ positive? _ | | ‘ o ‘ (11)
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| 3. (a) Derive the equivalent circuit of a synchronous generator. (12:'}_
(b) Show graphically, the open circuit and short circuit characteristics of a synchronous
generator. How can we determine the synchronous reactance at a given field current from
these characteristics? | E (18)
(¢) A synchronous generator is supplying a load. A second is to be connected in parallel
with the first one. The generator has a no-load frequency of 61 Hz and a slope of

1 MW/Hz. The first load consumes a real power of 1000 kW at 0.8 pf lagging, while the
second load consumes a real power of 800 kW at 0.707 pf lagging. B (16 % )

(i) Before the second load is connected, what is the operating frequency of the system?

(ii) After the second load is connected, what is the operating frequency of the system?

4. (a) Discuss armature current versus field current characteristics of a synchronous motor.
Why is it shaped like 'V'? : ' (15)
(b) How is synchronous motor used for power factor correction? (15)

(¢) Discuss the starting problems of a synchro'nous motor. How can we overcome these

problems? | : ' o (16% )

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

5. (a) Discuss the current-voltage characteristiés of the shunt, series, cumulatively
compounded and differentially compounded DC generators. : . (20)
(b) A 5-hp, 1500 rpm, 2-pole DC series motor is running at 3% less than the rated speed '
supplying 2% more than the rated load. If induced voltage is 240 V, armature resistance
is 10 Q, field resistance is 2 €2, then .what is the input voltage? If the output torque is

raised 5% due to increased load, while keeping the speed of rotation same as before,

determine the armature current assuming the same induced voltage as before. (26 % )

6. (a) A 480 V, 60 Hz, 50-hp, 3-¢ induction motor is drawing 60 A at 0.85 pf lagging. The
stator copper losses are 2 kW, the rotor copper losses are 700 W, the friétion and windage

losses are 600 W, the core losses are 1.8 kW and the stray losses are negligible. Find
(i) the air gap power; (ii) the output power and (iii) the efficiency of the motor. - (24 % )
(b) Draw the torque-speed characteristics of an induction’ motor showing the starting .

torque, pull-out torque and rated torque. ' - (12)

(c) What is transducer? Classify transducers. What are primary and secondary

transducers? Give examples. (10)




it
w
i

fEE 259 (ME)

[/ 7. (a) What are the differences between voltage amplifiers and power amplifiers? Classify
._ f;;j.ﬁ. - power amplifiers. | ' (10)
/ (b Brleﬂy describe how a transistor can be used as an amplifier. (15)
(c) For the circuit shown in Fig. for Q. 7(c), if an mput signal v is apphed such that the
_peak-to-peak variation of the base current is 0 01 mA, then draw the output voltage vs.
.tlme curve. Also, explain the slope of the curve. (21 % )
+Vcc,- 1V L /’\Ic—
| 2PN
Co =\0KIL ,
. - | IGD:O'OOL\mA
e | : |
Y A 3
-~ .
T A | ‘éeci’ v N e
8. (a) Draw the circuit diagram ofa full-wave bridge rectlﬁer and explam its operation. (15) |
(b) For the circuit shown in Fig. for Q. 8(b) plot the- output voltage Vs. -time curve. , ‘
» (15)

Assume forward voltage drop of each diode is 0.7 V. ,
| 4\\9 t

A5V

G & 3003

r Q 8(c) calculate the base emitter and collector currents. (16 % )
fH ov |

_ (c) For the circuit shown invFig. fo

1
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SECTION A
"There are FOUR questlons in this section. Answer any THREE

(a) Explain the basic accounting equation: Assets (A) = L1ab111t1es (L) + Owner's Equlty

(OE) with examples L _ o )
(b) What is trial balance? Describe the advantages and dlsadvantages of trial balance. 0 (9)
(c) Mr. Akhand and his associates started their manufacturmg business on August 1
2012. The following transactions took place during the first month of operation: : (25)
~ August 1 “Invested Tk. 90, 000 in cash to start business. |
August 7 Purchased office equipment in cash amount Tk. 120,000.
August 10 ~ : Hired a managing director to manage the business efficiency.
' He will be paid to salary Tk. 20,000 per 1 month.
August 18 Incurred advertising expanse on account as Tk. 5,000.
August 20 Incurred office rent in advanced as Tk. 10 000.
August 21 Farned Tk. 30,000 for selling the product, Tk. 10,000 is
R received in cash and remaining on account. | :
‘August 23 Withdrawn by Mr. Khan for his personal use as Tk. 5,000.
August 235 Paid the amount due related to advertising' expanse. ‘
August 27 Received cash from previous customer on transaction August
| o 51 v : .
August 31 - : Employees' salaries expanse was due for Tk. 4,000.
 Requirement:

Provide journal entrie_s for above. transactions.

- 2. (&) Discuss the obJectlves and importance of financial statements analysis. - (3).
- (b) State qualitative charactenstlcs and four principles to prov1de financial information
with examples briefly. ' )
(c) The followmg information taken from the financial statements of Eastern Housing Ltd - (15)
' - | Net Sales Tk. 50,000 '

| Gross Profit Tk. 12,500

Net Profit Tk. 6,500

1 Owner's Equity: _ |

01.01.2011 Tk. 40,000

31.12. 2011 Tk. 30,000

Total Assets: _
01. 01. 2011 Tk. 62,000
31.12.2011 Tk. 60,000

A - | Contd .......... 127,
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Required: . / .
(i) Calculate profit ratio

(ii) Calculate Goss profit ratio - |

(iif) Compute Return on Equity (ROE).

_(iv) Compute Return on Assets (ROA)
(v) Compute Equity ratio

() The following are selected ivtems_from a recent balance sheet of XYZ company: |

Cash and Cash equivalents
Short term investment

~ Gross Accounts receivable
Allowance for doubtful debt

» Merchandise invehtory

. Prepaid expenses
Accounts payable
Notes payable
Accured expenses

Requifed: Compﬁte (i),Curi'ent ratio, (ii) Qui.ck ratio and (iii) Working capital amount.

Tk. 6000
Tk. 4000
Tk. 8000
Tk. 1000

Tk. 4000

Tk. 1200

3 Green View limited has the following information taken

- Tk. 4500

- - Tk. 8000 -
. Tk. 2000

'as trial balance on 31st

December, 2011.- |
Name of Accounts " | Debit (Tk.) | Credit (Tk))
Cash 8,000
Accounts Receivable 36,000
“Allowance for uncollectible - 4,800
Supplies 6,500 o
Prepaid expense 8,000
Inventory (01. 01. 2011) 94,000
Office equipment . 50,000
Accumulated depréciation . o
— Office equipmént - I0,000
Purchase 170,000 ' _
| Purchase Return R 13,200
Sales Revenue. — | 300,000
Sales Return 50,000
Rent Expense 60,000
Salary Expense 49,000
Accounts payable - 25,000
Notes payable | - 8,000
Advertising Expense 28,000 o
Capital | 198,500
Total 559500 559500

IR RII IR

-(10)
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Information for Adjustments:
(1) Estimated uncollectible account expense Tk. 2000 h
~ (ii) Supplies consumed during the period Tk. 3000

. (vi) Interest expense is accrued Tk. 1500

(iii) Prepaid expense is explred Tk. 2,200

(iv) Inventory on December 31, 2011 is Tk. 85 ,000 :
o (v) Estimated deprec1at10n for office equipment at the rate of 10% per year

(vi) Advertlsmg expense is accrued Tk. 5,000

Requirements:

(a) Show the necessary adjusting en_tries.

(b) Prepare adjusted trial balance.

4.. The following is the tnal balance of Tom Company as on 31st December, 2011.

Debit (Tk.) | Credit (Tk.)

| Sales revenue J— 50,000
Merchandise inventory- (01 01.11) 6,000

| Purchase 24,000
Purchase return -=- 1,000
‘Sales discounts 2,500
Accounts receivable 20,000 _
Accounts payable -~ 14,000 |
Capital | — | 740,000
Drawings- 10,000
Salaries 8,000
Supplies 13,000
Delivery Van 20,000
Cash 9,300
Prepaid insurance 2,200
Total 105,000 105,000

Other information:

: Reg‘ uired;

(i) Supplies used Tk. 1,200

(ii) Depreciation on delivery Van is Tk. 2,000

(iii) Merchandise inventory on 31st December, 2011 was Tk. 5,500

(iv) Tk. 2,500 of accounts receivable was uncollectible
(v) Salaries were_aecrued Tk. 4,000
(vi) Insurance expense was Tk. 2,000

"~ (a) Prepare multlple Income statement for the period ended on 31st December, 201 1.

(b) Prepare statement of Owner's Equny and Balance Sheet as on 3 Ist December 2011.

(15)
20)

(5)

20)-
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- There are FOUR questlons in thls section. Answer any THREE

5. (a) What is meant by a product's cM rat10’7 How is this ratio useful in planmng busmess v

operatlons?
(b) Quality Products manufacture plastlc football. The sellmg price is Tk. 37.50 per unit
and variable cost is Tk. 22.50 per unit. Over the past year company sold 40,000 units of

- football, with the following results:

Sales (40,000 footballs) Tk 1,500,000

Less: Variable expenses | Tk. 900,000
Contribution Margin - - Tk.600,000
Less: Fixed expenses ~~ Tk.480,000

» - Net Operating Income - - Tk. 120,000

Required: _ : : .
(i) Compute CM ratio and break -even point in units and sales Taka.  Also compute
degree of eperating leverage of sales. | - |
(ii) The company estimates that, in the next year variable cost will increase by Tk. 3
per football. The selling price will remain constant at Tk. 37.50 per football. What
will be the new CM ratio and the new break-even point in units and sales Taka.
(ili) Refer to the data (ii) above. if the expected change in variable costs take place
how many footballs will have to be sold to earn the same net operating income (Tk.
120,000) as last year? o
- (iv) Refer to the original data. Assume that will decrease variable cost by 40% but
- fixed cost will increase by 90%. What would be the new CM ratio and break-even
- pomt in units and sales Taka? | '
(v) Refer to the data in (iv) above. Assume that in next year company w1ll sell 50,000
- units of football. Compute ~ A '
Contrlbutlon margin income statement and Margm of safety in umts

6. (a) Explain how fixed manufacturing overhead costs are shifted from orie- periodv to
. another under absorption costing. _
(b) Advance Products Company manufactures and sells a single product. You have been

given the following information: | _ :

Particulars | | | - Amount (Tk.)

Variable cost per unit: , _ )
Direct materials : 18
Direct labor | _ - 7

Variable manufacturing overhead o

Variable selling and administrative _ 5

Fixed costs per year: | . ,
Fixed manufacturing _overhead ) 160,000
Fixed selling and administrative expense 110,000

)

(30)

O 8

(30)
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Durmg the year, the company produced 20,000 umts and sold 16,000 units. The sellmg
price of per unit is Tk. 50.

Required: _ v .
B (i) Compute the unit product cost under absorption costing and variable costirig.

(ii) Prepare income statement under both of the techniques. -

7. (a) What are the purposes of cost allocation?

(b) Navana Company haé,two support departments_— Administrative S‘erviées (AS) arid

) Information Systems (IS) and two operating departments — Government Cohsulting

‘ '(GO.VT) and Corporéte Consulting (COR_P). For the first quarter of 2012, the following
records are available '

Navana Company

" For the first quarter, 2012
Support Dept. - Operating Dept.- : Total
AS | IS GOVT | CORP

Budgeted overhead 600,000 | 2,400,000 .| 8,756,000 | 12,452,000 24,208,000
| before allocation ' o : ' B
Support work - 25%. - 40% 35% 100%
supplied by AS : i
~Support work 10% - - 30% 60% ' 100%
supplied by IS ' ' ‘ ‘

. Reguired: » v
Allocate the two suppoft departments cost to the two operating departments by using
(1) Direct method '
(i1) Step -down method

~ (iii) Recelprocal method

8. (a) What are the 6bj ectives of cost accounting?

(vb)‘FollQ'wing information are available for Doel company at Déce_mber 31,2012.

Doel Company
- December 31, 2012 | _
Particulars - | Beginning Inventory Ending Inventory
Amount _(Tk) ~ Amount (Tk.)
Raw material _ 3200 2,500
' Work-in?process- 1,350 o 1,700
Finished goods | 8,500 9,500

®)

(30)

>
13)
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| ~ SECTION-A |
There are FOUR questions in this section. Answer any THREE.

1. (a) Find the value of k for Wthh the following system of equations has non-trivial

solutions. Also find the solutions. : o ) , v (16 % )
x+ky+3z=0 ’ A
4x +3y+kz=0
2x+y+2z=0
(b) Examine the following system Vof vectors for linear dependence. If dependent, find the
relation among them. - (15) .
X, =(1,1,-1,1), Xp=(,-1,2,-1) and X3=(3,1,0,1).
~ () Use Cayley-Hamilton theorem to find the inverse of the matrix ‘ } (15)
12 =2)
A=l11 1
13 -1
A » _ 1 0 -1
| 2. (a) Find a matrix P which diagonalizes the matrix A = 1 2 1 |. Write down the
_ 2 2 .3
diagonal form of A and also find A*. : '_ | 23%)

. (b)v Express the following quadratic form as a sum of the squares and classify it as
definite, semi-definite or indefinite: : | o - (23)
' q= 4x12 + 3x22 - X32 + 2X2X3 — 4x3X| + 4X1X2.
Also write down the equations of linear transformation and find a non-trivial set of values -

of X1, X2, X3 which makes the form zero.

3 “(a) Find Ax(Yx ) and @xV)xB at the pomt(l -1,2)if A =xz?i'+ 2y3 - 3xzk

and B =3xzi +2yzj —2°k. 4 _ S -~ (16)

(b) Show that cur] (curl F) = grad divE — V2F and hence show that V2F = n(n + 3)r" >

where F=1"r1. | ' ' - (20%)
(c) Use Green's theorem to find the area bounded by the hypocycloid | A (10)

x%+y%=a%; a>0.
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4.  (a) Show that ; : - | . - (20)
F= (6xyz+z)1+3x Z_]+(3X y+2xz)k |
is a conservative force field. Find the scalar-potential of thls field and the work done in
~  moving an object in this field from the point (2, -2, 2) to (2 -1, 3)

(b) State Gauss's divergence theorem, Verify the theorem for’ - Lo (26%)
F=2x%i -y _]+4XZk | | A

- taken over the region in the first octant bounded by y + z =9 and x=2.

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

5. (a) Solve the Bessel's differential equation - o | (36)
X)’"+X}’+(X —n)y 0 | V '
by the method of Frébenius.

(b) When n is positive mteger, show that J__ (x)= (Y—YI)n Jn(x). - (10%4)
6. Show that _ |
. 1 _ - ' I ' .
@ I Insr )dx—znmfx Ual). N (16%)
. | 1 d" [, - : ' '
(i) Py(x) = x“ -1 . . : . 20
)= b2 -af. | (20)
1.3.5..2n~1) | ‘
Py, (0)=(-1)" . :
@ p@= (i 2D o
1 ‘ [0 if m#n . : :
7. (@ Show that [ Py, (x)P, )dx={ 1 . : (20)
i — if m=n _ _
: S 2n+1 ' : .
~ (b) Evaluate L{Jo._(at)} and LY (at)}. _ : - (19)
(¢) Using Laplace transformation, show that Si(oo) = g A i A ' N ¢ % )
1 L |
8. (a) Using Laplace transformation, show that J ot)=— j s(tcosB)do. o (12%) '
T
‘ A 4-3s : :
(O Find () L7 18 G L2 } o - (14
{sz + 25 (s+4)/ 4 ‘ , (14)
(c) Solve (using Laplace Transformatlon) | . o 20)

Y'(t) - tY'(6) + Y() =1, Y(0)=1, Y'(0)=2.
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- SECTION - A
There are FOUR questions in thls section. Answer any THREE.
Steam table R-134a propertres are supplied.

(a) Bneﬂy explam 'thermodynamic equilibrium’ and 'quasi-static process 4 ' (10)
(b) Wlth a suitable diagram, show that work i is a path function. Mentlon some s1mrlar1t1es |

between 'work’ and 'heat’. - ' (15
(c) Draw a typ1ca1 P-T diagram of a pure substance and label it. Briefly explain the

physical meanings of (i) critical point (ii) triplepoint. (15)
(d) One kg of air is compressed reversrbly and isothermally from 0.1 MPa and 27 °C to

1.0 MPa. Assuming ideal gas, estimate work done and heat transfer durmg this process >(6 %)

2. (a) Usmg 'First Law of thermodynamics', show that internal energy is a thermodynamic

' property. Briefly explam the physical meamng of 1nternal energy and how it differs from
Cenmtropy. - | | - (10)
(b) With schematlc dlagrams and proper . assumptrons simplify the 1st Law of

| thermodynamlcs for the following devices: v . (15)
| (i) Nozzle R |
~ (ii) Heat exchanger
_ - (iii) Throttling device - .
(c) Briefly explain Joule's free expansion experiment and show that, u = f(T) for ideal gases. - (10

(d) Air initially at 1 bar and 27 °C is compressed in steady state to 5 bars and 177 °C. The
power input to the compressor is 5 kW and heat loss is 0.5 kW. If the changes in potential

and kinetic energres are neglected. Estimate mass flow rate of air. (11 % )

3. (a) Briefly present Kelvin-Planck (KP) and Clausius (C) statements. of the second law of
vthermodynamrcs Show that, any violation of Clausius statement 1mplres the violation of

KP statement. : . . (10)
(b) Show that, Nirev > Nirrev- : : ' (10)
- (c) Distinguish between perpetual motion machine of 1st kind and 2nd kind. B (10)

(d) Dry saturated steam at 10 MPa expands isothermally and reversibly to 1 .0 MPa.
Calculate the heat supply and work done per kg of steam during the process. (10)
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(e) Suppose that, 1 kg of saturated vapor at-100 °C is converted to saturated liquid at

100 °C in an isobaric process. If the surrounding air is at 300 K, estimate net change in

. entropy of the system plus surroundings. . (6 %)
4. (a) Show that, Cp— Cy -%.VT B . R (15)

- where kT =isothermal compressibility, and
B = volume expansivity : _ )

“(b) Using the expreséion of 4(a), show that for ideal gas, C, - C, =R. ' ' (5

(c) What is the difference between saturated liquid and compressed liquid? ‘ )

(d) A system undergoes a process between two states: first in a reversible manner and

then in an irreversible manner. For which case is the entropy change greater? Why? : (5)

(e) The entropy of hot water decreases as it cools. Is this a violation of increase of
~ entropy principle? ' - E | : 5)

(f) An .insulated rigid tank is divided into two equal parts by a membrane. Air is
contained in one half and the other half is evacuated. The membrane is punctured and air

quickly fills the entire volume. Explain the work done and entropy generation in the

process. _ | _ : | (11 %)

SECTION-B
There are FOUR questions in this section. Answer any THREE.
Make reasonable assumptions in case of any missing data.

Symbols 1nd1cate their usual meaning.

5. (a) Write short note on Bma.ry Vapor Power Cycle Prov1de component-wise schematic
and corresponding T-s diagram. ' , (10)
(b) A stfeam power plant operates on an ideal reheat-regenerative Rankine cycle with one

- reheater and one open feed water heater. Steam enters the HP turbine at 10 MPa and
_600°C and leaves the LP turbine at 8 kPa. Steam is extracted from the turbine at 2.0 MPa
and it is reheated to 550°C at a pressure 0.8 MPa, Water leaves the feed water heater as
saturated liquid. Heat is transferred to the steam in the boiler at a rate of 630 MW.
Determine (i) the mass flow rate of steam through the b01ler (11) the net power output
(iii) the thermal efficiency of the cycle. (30)
(c) The plant engineer is thinking about discarding the condenser. He instead plans to
pump water at atmospheric pressure to the boiler and expel steam out from the turbine at

- atmospheric pressure for he thinks of the condenser as a wastage of energy since it is only
condensing steam and may be using a separate cooling tower for itself. However, you
have reasons to believe that condenser is a necessary éomponent for augmenting work
‘output. Substantiate your reasoning with appropriate T-s diagram. What are the

theoretical and practical limits of condenser pressure? R | - (6 % )
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6. (a) For an air-standard 'ideal diesel cycle with compression ratio "r.", cut-off ratio "B",

and ratio of specific heats of air "k", show that the thermal efﬁcrency, -, ‘ | , (15)
: 1-k| " —1
rIth,diesel = 1 - (rc_) [ém%] .

| ) Calculate net work output per unit mass of air, back work ratio and thermal efficiency -

for a Brayton cycle with one stage reheating and one stage intercooling, where air enters

the compressor at 300 K and 100 kPa, and enters the turbme at 1400 K and. 1300 kPa

Turbines and compressors are 1sentroplc The regenerator effectlveness is 0.75. Take k =

1.4 and C; = 1.005 kJ/kg-K. - : S ' 25
(c) A s1mple gas turbine is working on the ideal Brayton cycle with a max1mum cycle

temperature T3 and minimum cycle temperature T;. Show that, pressure ratio (rp) for

maximum net work should be, - , - (5+1 / ) -

| ( T, J%(k-l)'
== B
- T .
Will the cycle efﬁcrency be maximum at this pressure ratio as well?

achol

. (a) LlSt the deviations of 4vapor compression refrigeration cycle from the ideal one.

Identify them on the P-h diagram., _ | (6%)

- (b) The initial conditions for an air-standard ideal Otto cycle operating w1th a
compression ratro of 8:1 are 0.95 bar and 17°C. At the begmmng of the compression

stroke, the cylinder volume is 2.20 L, and 3.60 kJ of heat is added during the heating

process Calculate the pressure and temperature at the end of each process of the cycle,

~ and determine the thermal efficiency and the MEP. - (15)
©A commerc1al refngerator with refrlgerant RI 34a as the working fluid is used to keep '

}the refngerated space at 5°C by rejecting its waste heat to cooling water that enters the

- condenser at 17°C at a rate of 0.2 kg/s and leaves at 25°C ‘The refrigerant enters the
condenser at 1 4 MPa and leaves at the same pressure at 42°C. The inlet state of the

isentropic compressor is at 100 KPa and — 20°C. Determine (a) the quality of the

'reﬁ'rgerant at the evaporator inlet, (b) the refrigeration load in tons and (c) the COP of

the refrigerator. : L (25)



8. (a) Define ton of refrigeration. (1%)
(b) Fo'r.a‘dry bulb temperature of 25°C and wet bulb temperafufe of 15°C, determine the
absolute humidity (), relative hpmidity (¢), and mixture enthalpy (h) in kJ[kg of dry ajr‘
at a pressure of 0.5 bar. - : . | o B (15)
(c) A mixture consists of 19.23 percent carbon dloxxde, 8. 86 percent water vapor and ' |
71.91 percent nitrogen by mass. The mixture is being mamt_amed at 298 K and 1 bar
where under ideal gas assumptions the enthalpies of the gases are known (h¢g, = 9364 kJ/kmol,
hy 20 = 9904 k¥/kmol, hy, = 8669 ki/kmol). Determine (a) the spe01ﬁc enthalpy of the
‘mixture in ki/kmol, and (b) apparent gas constant of the mixture in kJ/kg-K : (15)
@ Write down the stoichiometric combustion equation of n-Octane with air at 1 atm and 25°C
and calculate the LHV and HHV of n-Octane for a complete combustion using data from the
following table: (15)
Substance | Formula Ah0 (Mkmol) | heg (MYkmol)
Oxygen | 16 Z]}}é ® 0
Nitrogen N (g) 0
Carbon dioxide | CO, (@) 3952
Water | H00) 28583 44,01
n-Octane CgHjz (2) —208.45 41.46
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Saturated Water, Pressure Table
Table C.2b Satu.rated Water Pressure- Table {Metric. Units}
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: Saturated-Water, Temperature Table:

Table C3b. Saturated Water; Température Table (Metric Units)
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Superheated Water Vapour .

[

z

I

2.
P4

T

]

.
<

T

x

Z

I

C

%

2

<

b
. €

X .
po]

2

x

“Table-C3b S

upettieated Water Vapor (Metric Units)
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Saturated R134a Vapour
Table C.7c Saturated Refrigerant-134a Temperarure Table (Metric Units)
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L-2/T-1 B.Sc. Eﬁgineering Examingtions 2011-2012
sub : ME 241 (Engineering Mechanics)
Full Marks: 280 | | Time : 3 Hours
"~ USE SEPARATE SCRIPTS FOR EACH SECTION

The figures in the margin indicate full marks.

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

Symbols indicate their usual meaning. Assufne any missing data.

1. (a) The slider block A, as shown in Fig. 1(a), starts from rest and m’c‘)ve,s to the left with
~a constant acceleration. Kﬁowing that the velocity of block B is 304.8 mm/s after
moving 609.6 rhm, determine (i) the acceleration of A aﬁd B, (ii) the velocity and
position of A after 5 s, - | | - ‘ (23)
'(b) Two wires AC and BC are tied together a_i C to a sphere which revolves at a constant

speed v in the horizontal circle as shown in Fig. 1(b). Determine the range of values of v

 for which both wires remain taut. . ' - (@23%)

2. (a) The 3-kg cdllar is initially at rest and is acted upon by the force Q whichvvaries as
shown inFig'. 2(a). Knowing that 4, = 0.25, determine the velocity of the collar at (i)

t=1s, (i) t=2 s. Solve the problem using the principle of impulse and momentuin. o (23)
“(b) A 1.4-kg collar is attached to a spring and slides without friction al,o.ng a circular rod '
which lies in a vertical plane as shown in Fig. 2(b). The spring has a constant & = 25
" N/mm and is undeformed when the collar is at B. Knowing the collar passes through
point 'D"with a speéd of 1 my/s, determine the speed of the collar as  it passes through
(i) point C, (if) point B. - (23%)

3. (a) A rectangular plate is supported by two 150-mm links as shown in Fig. 3(a).
Knowing that at the instant shown the angular velocity of link AB is 4 rad/s clockwise,
determine (i) the angular velocity of the plate, (ii) the velocity of the center of the plate. - (23)
(b) End A of rod AB, as shown in Fig. 3(b), moves to the right with a constant velocity

of 2 m/s. For the position shown, determine (i) the angular acceleration of rod AB,

" (ii) the acceleration of the midpoint G of rod AB. | . (23%)

4. (a) The double pulley shown in Fig. 4(a) has a total mass of 6 kg and a centroidal radius
of gyration of 135 mm. Five collars (weights), each of mass 1.2 kg, are attached to cords

' A and B as shown in the figure. When the system is at rest and in equilibrium, one collar

is removed from cord B. Neglecting friction, determine (i) the angular acceleration of

" the pulley, (ii) the velocity ofcord Aatz=2s. : - (23)

+
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(b) The 9-kg rod AB is attached by pins to two 6-kg uniform disks as shown in Fig.
4(b). The assembly rolls without sliding on a horizontal surface. If the assembly is

released from rest when @ =60°, determine the angular velocity of the disks when

g=90". | o . (23%)

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

5. (a) A 450-kg crate is to be supported by the rope-and pulley arrangement as shown in
Fig. 5(a). Determine the magnitude and direction of the force F which should be exerted _
on the free end of the rope. ' _ | - o - (20)

(b) Determine the polar moment of inertia of the shaded area as shown in Fig. 5(b) with

respect to the centroid of the area. . ' _ Lo | (26%)

- 6. (a) The frame ACD is hinged at A and D and supported by a cable which pasSes through
' a ring at B and is attached to hooks at G and H as shown in Fig. 6(a). Knowing that the
tension in the cable is.1125 N, determine the moment about the diagdnal AD of the

force exerted on the frame by portion BH of the cable. | (23)
(b) One end of rod AB rests in the corner A and the other is attached to cord BD as
shown in Fig. 6(b); If the rod supports 200-N load at its midpoint C, find the reaction at

A and the tension in the cord. ' ‘ : : ) ' (23 %)

7.. (a) Determine the distance h for. which the centroid of the shaded area as shown in
Fig. 7(a) is as high above line BB' as possible when k = 0.10. » (23)
(b) Determine the force in members FH and GH of the truss as shown in Fig. 7(b) when

P =35 kN. | ; (23%)

8. . (a) The frame as shown in Fig. 8(a) is loaded by a clockwise couple of magnitude 150
N-m applied at point A. Determine the components of the reactions at D and E. (23)
(b) A cord is attached to and partially wéund around a cylinder of weight W and radius r .
which rests on an incline as %g)wn in Fig. 8(b). Knowing that 8 = 30°, find (i) the tension

‘in the cord, (ii) the smallest value of the coefficient of static friction between the

cylinder and the incline for which equilibrium is maintained. S - (23%)
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