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The figures in the margin indicate full marks
USE SEPARATE SCRlPTS FOR EACH SECTION

SECTION-A

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

1. (a) Calculate the rms value of the voltage wave-form of Fig. for Q. No. I(a). Also find

the average power absorbed by a 4-0 resistor when the voltage is applied across the

resistor. (15)
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(b) An ac motor with impedance ZI. = 4.2+ )3.60 is supplied by a 220-V, 50 Hz

source. (i) Find power factor, real power and reactive power of the motor.

(ii) Determine the capacitor required to be connected in parallel with the motor so that

the power factor is corrected to the unity. (20)

2. (a) Three 440-V generators form a delta-connected source that is connected to a

balanced delta-connected load of zl. = 10+ )80 per phase as shown in Fig. for Q. 2(a). (20)
(i) Determine the phase current lAB,IBCand ICA.

(ii) Determine the line currents laA,IbBand Icc.

--------------~

--_._~...

(b) A balanced wye-connected load with a phase impedance of IO-j 16 0 is connected

to a balanced three-phase generator with a line voltage of 220 V. Determine the line

current and the complex power absorbed by the load. (15)
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3. (a) Starting from the exact equivalent circuit of a transformer, draw the equivalent

circuit referred to the secondary.

(b) A 1000-VA, 230/115- V transformer has been tested to determine its equivalent

circuit. The results of the tests are shown below.

(15)

(20)

Open circuit test Short circuit test

(on low voltage side) (on low voltage side)

Voc=115V Vsc= 8.55 V

loc = 0.11 A Isc = 17.4 A

Poc=3.9 W Psc = 38.1 W

(i) Find the equivalent circuit of this transformer referred to the low-voltage

side of the transformer.

(ii) Determine the transformer's efficiency at rated condition and unity power

factor.

4. (a) With necessary figures derive an equation for the induced torque in the rotating

loop of a dc motor.

(b) Draw the equivalent circuit of (i) a separately excited dc generator (ii) a shunt dc

generator and (iii) a differentially compounded dc generator with a long-shunt

(20)

connection: (15)

SECTION -8

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

5. (a) Find the equivalent resistance at the terminals a-b for the circuit shown in Fig. for

Q. 5(a). (17)
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Coutd .... for Q. NO.5

t;1 I
(b) Find t'he power dissipated in the SQ resistor in the circuit shown in Fig. for Q. 5(b)

1;1 I
using mesh analysis.
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6. (a) Find the value ofVo in the circuit shown in Fig. for Q. 6(a) using nodal analysis.
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(b) Find VI andjV2 in the circuit shown in Fig. for Q. 6(b). Also calculate the power

dissipa~ed i~the 12 Q and 40 Q resistors. (18)
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7. (a) Fit ~he val,ue of I in the circuit shown in Fig. for Q. 7(a) using superposition

theorem. ;
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(b) Find !lie value of 10 in the circuit shown in Fig. for Q. 7(b) using the concept of
I ti I.

source transformatIOn. (18)..rl-._.__ .: .
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Contd .... for Q. No.8

(b) Find the value of R that will absorb the maximum power in the circuit shown in

Fig. for Q., 8(b). Also find the value of the maximum power absorbed by R. (18)
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -A

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

Necessary thermodynamic property tables have been supplied.

Assume reasonable values for any missing data.

I. (a) Prove that heat and work are not properties, although their difference during a change

of state in a closed system is a property. (12)
(b) Apply the energy equation for steady flow process to show that throttling is an

isenthalpic process. (8)
(c) Steam enters a turbine operating at steady state with a mass flow rate of 4600 kglh.

The turbine develops a power output of 1000 kW. At the inlet, the pressure is 60 bar, the

temperature is 400°C, and the velocity is 10 m/s. At the exit, the pressure is 0.1 bar, the

quality is 0.9 (90%), and the velocity is 30 mls. Calculate the rate of heat transfer

between the turbine and surroundings, in kW. (15)

2. (a) Write short notes on: (10)
(i) Intensive property and Extensive property

(ii) Point function and Path function

(b) A vessel having a volume of 5 m3 contains 0.05 m3 -of saturated liquid water and

4.95 m3 of saturated water vapor at 0.1 MPa. Heat is transferred until the vessel is filled

with saturated vapor. Determine the heat transfer for this process. (15)
(c) An inventor claims to have developed a heat engine that receives 650 kJ of heat from

a source at 510K and produces 290 kJ of net work while rejecting the waste heat to a

sink at 300 K. Is this a reasonable claim? Why? (10)

3. (a) State and explain the Zeroth law of thermodynamics with proper examples. (10)
l

(b) An insulated rigid tank initially contains 0.6 kg of air at 30°C and 10 kPa. A paddle

wheel with a power rating of 0.02 kW is operated within the tank for half an hour ..

Determine the final pressure and temperature, and the increase in internal energy of the.

air inside the tank. (13)

(c) Deduce the relation Cp-Cv = R for an ideal gas where Cp and Cv are the specific heats,
and R is the gas constant. (12)
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4. (a) With proper example and explanations prove that "It is impossible to construct an

engine operating between only two heat reservoirs which will have a higher efficiency

than a reversible engine operating between the same two reservoirs."

(b) A refrigerator maintains its freezer compartment at -5°C when the air surrounding the

refrigerator is at 22°C. The rate of heat transfer from the freezer compartment to the

refrigerant is 8000 kJ/h and the power input required to operate the refrigerator is
3200 kJ/h. Determine the coefficient of performance of the refrigerator and compare with

the coefficient of performance of a reversible refrigeration cycle operating between

reservoirs at the same two temperatures.

(c) Define the following terms:

(i) Wet-bulb temperature, (ii) Specific humidity, (iii) Relative humidity.

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

(13)

(13)
(9)

I
I

5. (a) With a neat lebelled diagram, show how VALVES of an IC engine operates. (15)
(b) The exhaust PORT remains uncovered for sometime when air fuel mixture is forced

inside the cylinder through the other PORT in a)-stroke cycle petrol engine, then how

the fresh air-fuel mixture is prevented from escaping out? (10)
(c) A 175 cc intemalcombustion engine has its stroke length equal to its cylinder

diameter. Calculate the crank radius of the engine. If the clearance volume is 25 cc,

determine its compression ratio. From the result of this compression ratio, determine

whether it is a petrol or a diesel engine. (10)

6. (a) Draw the'actual VALVE-TIMING diagram for a 4-stroke cycle petrol engine with

minimum and maximum limits of crank angles for VALVE operation. In this diagram
i

show the VALVE-OVERLAP and mention its maximum and minimum values. (15)
(b) Draw and label the coil ignition system for a 4-stroke cycle 4-cylinder petrol engine. (10)
(c) With a sketch diagram, briefly explain how the cooling water system controls the

temperature ofIC engine. (10)

I

7. (a) 'Define a Gas Turbine and mention its 3 advantages over an IC engine. What are the

modifications of the basic gas turbine cycle that increase the net work developed? Draw,
the block diagram and T-s diagram of an ideal gas turbine with a reheater. (15)
(b) With neat sketches and examples show the difference between impulse and reaction

turbines. (10)
(c) Show the arrangements of nozzle, fixed and moving blades for a velocity-

compounded steam turbine. Also show the variation of velocity, pressure and volume

along the axis of the turbine. (10)
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8. (a) What are the 7 basis of boiler classification? Mention 3 purposes of boiler and 2

primary requirements of a good boiler. Define boiler mountings and accessories with one

example in each case.

(b) What is an air-preheater? Distinguish between a RECUPERATIVE and a

REGEN ERA T1VE type air pre-heaters.

(c) What is a Bourdon's tube? Draw and label (do not describe) a Bourdon tube pressure

gauge.

---------------------------------------------------

(15)

(10)

(10)

------

TABLE A-2
Ideal-gas specific heats of various common gases
(a) At 300 K

Gas

Air
Argon
Butane
Carbon dioxide
Carbon monoxide
Ethane
Ethylene
Helium
Hydrogen
Methane
Neon
Nitrogen
Octane
Oxygen
Propane
Steam

Formula

Ar
C4H10
CO,
CO
C,H.
C,H,
He
H,
CH,
Ne
N,
C.H,.
0,
C,H.
H,O

Gas constant, R
kJ/kg . K

0.2B70
0,20B1
0.1433
0.lBB9
0.296B
0.2765
0.2964
2,0769
4.1240
0.51B2
0.4119
0.2968
0,0729
0,259B
0,IB85
0.4615

..
.~

c.
kJ/kg . K

1.005.
0.5203
1.7164
0.846
1.040
1.7662
1.5482
5,1926

14,307
2,2537
1.0299
1.039
1.7113
0.918
1.6794
1.8723

c.
kJ/kg . K

0.718
0.3122
1.5734
0.657
0.744
1.4897
1.2518
3.1156

10,183
1.7354
0.6179
0.743
1.6385
0.658
1.4909
1.4108

k

1.400
1.667
1.091
1.289
1.400
1.186
1.237
1.667
1.405
1.299
1.667
1.400
1.044
1.395
1.126
1.327

Note: The unit kJlkg . K is equivalent to lc.Jlkg .• C. I

Source: ChemiCJJland Process Thermodytllfm;cs 31£ by Kyle. 8. G.. C 2000. Adapted by permission 01 Pearson Education, Inc.. Upper Saddle River. NJ.



TABLE A-4
Saturated water-Temperature table

Specific volume. Interna(energy, Enthalpy. Entropy.
m'lkg kJ/kg kJ/kg kJ/kg . K

Sat. Sat. Sal. Sat. Sat. Sal. . Sal. Sal. Sal.
Temp.. press., liquid. vapor, liquid. Evap.. vapor. liquid. Ev~p.. vapor, liquid. Evap., vapor,
T 'C PW1 kPa v, v, u, u,' u, h, h" h, 5, 5" 5,

0.01 0.6117 0.001000 206.00 0.000 2374.9 2374.9 0.001 2500.9 2500.9 0.0000 9.1556 9.1556
5 0.8725 0.001000 147.03 21.019 2360.8 2381.8 21.020 2489.1 2510.1 0.0763 8.9487 9.0249
10 1.2281 0.001000 106.32 42.020 2346.6 2388.7 42.022 2477.2 2519.2 0.1511 8.7488 8.8999
15 1.7057 0.001001 77.885 62.980 2332.5 2395,5 62.982 2465.4 2528.3 0.2245 8.5559 8.7803
20 2,3392 0,001002 57.762 83,913 2318.4 2402.3 83.915 2453.5 2537.4 0.2965 8.3696 8.6661
25 3,1698 0.001003 43.340 104.83 2304.3 2409.1 104.83 2441.7 2546.5 0.3672 8.1895 8.5567
30 4.2469 0.001004 32.879 125.73 2290.2 2415.9 125.74 2429,8 2555.6 0.4368 8.0152 8.4520
35 5,6291 0.001006 25,205 146.63 2276,0 2422,7 146.64 2417,9 2564.6 0,5051 7.8466 8.3517
40 . 7.3851 0,001008 19.515 167,53 2261.9 2429,4 167.53 2406.0 2573.5 0.5724 7.6832 8.2556
45 9.5953 0.001010 15.251 188.43 2247.7 2436.1 188,44 2394.0 2582.4 0.6386 7.5247 8.1633
50 12.352 0.001012 12.026 209.33 2233.4 2442.7 209.34 2382.0 2591.3 0.7038 7.3710 8,0748
55 15.763 0.001015 9.5639 230.24 2219.1 2449.3 230.26 2369.8 2600.1 0.7680 7.2218 7.9898
60 19.947 0.001017 7.6670 251.16 2204,7 2455.9 251.18 2357.7 2608,8 0.8313 7.0769 7.9082
65 25.043 0,001020 6.1935 272.09 2190.3 2462.4 272.12 2345.4 2617.5 0.8937 6.9360 7.8296
70 31.202 0,001023 5.0396 293.04 2175.8 2468.9 293.Q7 2333.0 2626.1 0.9551 6.7989 7.7540
75 38.597 0.001026 4,1291 313.99 2161.3 2475.3 314.03 2320.6 2634,6 1.0158 6.6655 7.6812
80 47.416 0.001029 3.4053 334.97 2146.6 2481.6 335.02 2308.0 2643.0 1.0756 6.5355 7.6111
85 57.868 0.001032 2.8261 355.96 2131.9 2487.8 356.02 2295.3 2651.4 1.1346 6.4089 7.5435
90 70.183 0.001036 . 2.3593 376,97 2117.0 2494.0 377.04 2282.5 2659.6 1.1929 6.2853 7.4782
95 84.609 0.001040 1.9808 398.00 2102.0 2500.1 398.09 2269.6 2667.6 1.2504 6.1647 7.4151
100 • 101.42 0.001043 1.6720 419.06 2087.0 2506.0 419.17 2256.4 2675.6 1.3072 6.0470 7.3542
105 120.90 0,001047 1.4186 440.15 2071.8 2511.9 440.28 2243.1 2683.4 1.3634 5.9319 7.2952
110 143.38 0.001052 1.2094 461.27 2056.4 2517.7 461.42 2229.7 2691.1 1.4188 5.8193 7.2382
115 169.18 0.001056 1.0360 482.42 2040.9 2523.3 482.59 2216.0 2698.6 1.4737 5.7092 7.1829
120 198.67 0.001060 0.89133 503.60 2025.3 2528.9 503.81 2202.1 2706.0 1.5279 5.6013 7.1292.
125 232.23 0.001065 0.77012 524.83 2009.5 2534.3 525.07 2188.1 2713.1 1.5816 5.4956 7.0771
130 270.28 0.001070 0.66808 546.10 1993.4 2539.5 546.38 2173.7 2720.1 1.6346 5.3919 7.0265
135 313.22 0.001075 0.58179 567.41 1977.3 2544.7 567.75 2159.1 2726.9 1.6872 5.2901 6.9773
140 361.53 0.001080 0.50850 588.77 1960.9 2549.6 589.16 2144.3 2733.5 1.7392 5.1901 6.9294
145 415.68 0.001085 0.44600 610.19 1944.2 2554.4 610.64 2129.2 2739.8 1.7908 5.0919 6.8827
150 476.16 0.001091 0.39248 631.66 1927.4 2559.1 632.18 2113.8 2745.9 1.8418 4.9953 6.8371
155 543.49 0.001096 0.34648 653.19 1910.3 2563.5 653.79 2098.0 2751.8 1.8924 4.9002 6.7927
\60 . 618.23 0.001102 0.30680 674.79 1893.0 2567.8 675.47 2082.0 2757.5 1.9426 4.8066 6.7492
165 700.93 0.001108 0.27244 696.46 1875.4 2571.9 697.24 2065.6 2762.8 1.9923 4.7143 6.7067
170 792.18 0.001114 0.24260 718.20 1857.5 2575.7 719.08 2048.8 2767.9 2.0417 4.6233 6.6650
175 892.60 0.001121 0.21659 740.02 1839.4 2579.4 741.02 2031.7 2772.7 2.0906 4.5335 6.6242
180 1002.8 0.001127 0.19384 761.92 1820.9 2582.8 763.05 2014.2 2777.2 2.1392 4.4448 6.5841
185 1123.5 0.001134 0.17390 783.91 1802.1 2586.0 785.19 1996.2 2781.4 2.1875 4.3572 6.5447
190 1255.2 0.001141 0.15636 806.00 1783.0 2589.0 807.43 1977.9 2785.3 2.2355 4.2705 6.5059
195 1398.8 0.001149 0.14089 828.18 1763.6 2591.7 829.78 1959.0 2788.8 2.2831 4.1847 6.4678
200 1554.9 0.001157 0.12721 850.46 1143.7 2594.2 852.26 1939.8 2792.0 2.3305 4.0997 6.4302
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Saturated water-Temperature table (Continued)

Specific volume. Internal energy. Enthalpy. Entropy.

mJlkg kJlkg kJ/kg kJlkg . K

Sat. Sat. Sat. Sat. Sat. ISat. Sat. Sat. Sat.

Temp., press .. liquid, vapor, liquid. Evap .. vapor, 'liquid, Evap .. vapor. liquid. Evap .. vapor.

T'C Pnl kPa v, v, u, u" ", h, h" h, S, Sf, S,

205 1724.3 0.001164 0.11508 872.86 1723.5 2596.4 874.87 1920.0 2794.8 2.3776 4.0154 6.3930

210 1907.7 0.001173 0.10429 895.38 1702.9 2598,3 897.61 1899.7 2797.3 2.4245 3.9318 6.3563

215 2105.9 0.001181 0.094680 918.02 1681.9 2599.9 920.50 1878.8 2799.3 2.4712 3.8489 6.3200

220 2319.6 0.001190 0.086094 940.79 1660.5 2601.3 943.55 1857.4 2801.0 2.5176 3.7664 6.2840

225 2549.7 0.001199 0.078405 963.70 1638.6 2602.3 966.76 1835.4 2802.2 2.5639 3.6844 6.2483

230 2797.1 0.001209 0.071505 986.76 1616.1 2602.9 990.14 1812.8 2802.9 2.6100 3.6028 6.2128

235 3062.6 0.001219 0.065300 1010.0 1593.2 2603.2 1013.7 1789.5 2803.2 2.6560 3.5216 6.1775

240 3347.0 0.001229 0.059707 1033.4 1569.8 2603.1 1037.5 1765.5 2803.0 2.7018 3.4405 6.1424

245 3651.2 0.001240 0.054656 1056.9 1545.7 2602.7 1061.5 1740.8 2802.2 2.7476 3.3596 6.1072

250 3976.2 0.001252 0.050085 1080.7 1521.1 2601.8 1085.7 1715.3 2801.0 2.7933 3.2788 6.0721

255 4322.9 0.001263 0.045941 1104.7 1495.8 2600.5 1110.1 1689.0 2799.1 2.8390 3.1979 6.0369

260 4692.3 0,001276 0.042175 1128.8 1469.9 2598.7 1134.8 1661.8 2796.6 2.8847 3.1169 6.0017

265 5085.3 0.001289 0.038748 1153.3 1443.2 2596.5 1159.8 1633.7 2793.5 2.9304 3.0358 5.9662

270 5503.0 0.001303 0.035622 1177.9 1415.7 2593.7 1185.1 1604.6. 2789.7 2.9762 2.9542 5.9305

275 5946.4 0.001317 0.032767 1202.9 1387.4 2590.3 1210.7 1574.5 2785.2 3.0221 2.8723 5.8944

280 6416.6 0.001333 0.030153 1228.2 1358.2 2586.4 1236.7 1543.2 2779.9 3.0681 2.7898 5.8579

285 6914.6 0.001349 0.027756 1253.7 1328.1 2581.8 1263.1 1510.7 2773.7 3.1144 2.7066 5.8210

290 7441.8 0.001366 0.025554 1279.7 1296.9 2576.5 1289.8 1476.9 2766.7 3.1608 2.6225 5.7834

295 7999.0 0.001384 0.023528 1306.0 1264.5 2570.5 1317.1 1441.6 2758.7 3.2076 2.5374 5.7450

300 8587.9 0.001404 0.021659 1332.7 1230.9 2563.6 1344.8 1404.8 2749.6 3.2548 2.4511 5.7059

305 9209.4 0.001425 0.019932 1360.0 1195.9 2555.8 1373.1 1366.3 2739.4 3.3024 2.3633 5.6657

310 9865.0 0.001447 0.018333 1387.7 1159.3 2547.1 1402.0 1325.9 2727.9 3.3506 2.2737 5.6243

315 10.556 0.001472 0.016849 1416.1 1121.1 2537.2 1431.6 1283.4 271 5.0 3.3994 2.1821 5.5816

320 11.284 0.001499 0.015470 1445.1 1080.9 2526.0 1462.0 1238.5 2700.6 3.4491 2.0881 5.5372

325 12.051 0.001528 0.014183 1475,0 1038.5 2513.4 1493.4 1191.0 2684.3 3.4998 1.9911 5.4908

330 12.858 0.001560 0.012979 1505.7 993.5 2499.2 1525.8 1140.3 2666.0 3.5516 1.8906 5.4422

335 13.707 0.001597 0.011848 1537.5 945.5 2483.0 1559.4 1086.0 2645.4 3.6050 1.7857 5.3907

340 14.601 0.001638 0.010783 1570.7 893.8 2464.5 1594.6 1027.4 2622.0 3.6602 1.6756 5.3358

345 15.541 0.001685 0.009772 1605.5 837.7 2443.2 1631.7 963.4 2595.1 3.7179 1.5585 5.2765

350 16.529 0.001741 0.008806 1642.4 775.9 2418.3 1671.2 892.7 2563.9 3.7788 1.4326 5.2114

355 17.570 0.001808 0.007872 1682.2 706.4 2388.6 1714.0 812.9 2526.9 3.8442 1.2942 5.1384

360 18.666 0.001895 0.006950 1726.2 625.7 2351.9 1761.5 720.1 2481.6 3.9165 1.1373 5.0537

365 19.822 0.002015 0.006009 1777.2 526.4 2303.6 1817.2 605.5 2422.7 4.0004 0.9489 4.9493

370 21.044 0.002217 0.004953 1844.5 385.6 2230.1 1891.2 443.1 2334.3 4.1119 0.6890 4.8009

373.95 22.064 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 0 4.4070

Source: T8bles A-4 through A-8 .!le generated u••ing the Engineering EQulllion So~ lEES} software develOped by S. A. Klein and F. L. Alvarado. The
routine used In calculations is Ihe highly accurate Sle!m.lAPWS. which inCOl'porales the 1995 Formulation lor the Thetn'looynllmlc Propertit1 of Ordinary
Walet Substance for General lind Scientilh: Use, issuet! by The International A!.socilJlion IOf Ihe Properties of Walet and Sleam (IAPWS). This 1000muiation
teplaces the 1984 lormulation of Haar, Gallaeher, and Kell (NBSlNRC Steam Tables, Hemi!>phere Publi!>hlng Co" 1984), which Is also available In EES
as the roUline STEAM, The new formulallon is based on the correlalions 01 Saul and Wagner lJ, Phys. Chem. Ref. Oata, 16.893,1987) with modlfica.
lions to adjust to the Intemational Temperature Scele of 1990. The modifications are describMI by Wll8ncr and PruSS U. Phys. Chem. ReI. Data. 22.
783. 1993). The properties 01 ice are based on Hyland and Wt;ztet', "Formulations for the Thermodynamic Properties Clf the Saturated Phases of H,O
hom 173.15 K to 473.15 K.~ASHRA£ T,.ns .. Part 2A, Paper 2793,1983. \
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TABLEA-5
Saturated water-Pressure table

Specific volume. Internal energy. Enthalpy. Entropy.
m'/kg kJ/kg kJlkg kJ/kg . K

Sat. Sal. Sat. Sal. Sat. Sat. Sat. Sal. Sat.
Press., temp .. liquid. vapor, liquid. Evap.. vapor, liquid, Eyap .. vapor. liquid. Evap., vapor,
PkPa TwloC v, v, ", "I, ", h, hI, h, 5, 5" 5,

1.0 6.97 0.001000 129.19 29.302 2355.2 2384.5 29.303 2484.4 2513.7 0.1059 8.8690 8.9749
1.5 13.02 0.001001 87.964 54.686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
2.0 17.50 0.001001 66.990 73.431 2325.5 2398.9 73.433 2459.5 2532.9 0.2606 8.4621 8.7227
2.5 21.08 0.001002 54.242 88.422 2315.4 2403.8 88.424 2451.0 2539.4 0.3118 8.3302 8.6421
3.0 24.08 0.001003 45.654 100.98 2306.9 2407.9 100.98 2443.9 2544.8 0.3543 8.2222 8.5765
4.0 28.96 0.001004 34.791 121.39 2293.1 2414.5 121.39 2432.3 2553.7 0.4224 8.0510 8.4734
5.0 32.87 0.001005 28.185 137.75 2282.1 2419.8 137.75 2423.0 2560.7 0.4762 7.9176 8.3938
7.5 40.29 0.001008 19.233 168.74 2261.1 2429.8 168.75 2405.3 2574.0 0.5763 7.6738 8.2501
10 . 45.81 0.001010 14.670 191.79 2245.4 2437.2 191.81 2392.1 2583.9 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 225.93 2222.1 2448.0 225.94 2372.3 2598.3 0.7549 7.2522 8.0071

20 60.06 0.001017 7.6481 251.40 2204.6 2456.0 251.42 2357.5 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6.2034 271.93 2190.4 2462.4 271.96 2345.5 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 2178.5 2467.7 289.27 2335.3 2624.6 0.9441 6.8234 7.7675
40 75.86 0.001026 3.9933 317.58 2158.8 2476.3 317.62 2318.4 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 340.49 2142.7 2483.2 340.54 2304.7 2645.2 1.0912 6.5019 7.5931
75 91.76 0.001037 2.2172 384.36 2111.8 2496.1 384.44 2278.0 2662.4 1.2132 6.2426 7.4558
100 99.61 0.001043 1.6941 417.40 2088.2 2505.6 417.51 2257.5 2675.0 1.3028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 418.95 2087.0 2506.0 419.06 2256.5 2675.6 1.3069 6.0476 7.3545
125 105.97 0.001048 1.3750 444.23 2068.8 2513.0 444.36 2240.6 2684.9 1.3741 5.9100 7.2841
150 111.35 0.001053 1.1594 466.97 2052.3 2519.2 467.13 2226.0 2693.1 1.4337 5.7894 7.2231
175 116.04 0.001057 1.0037 486.82 2037.7 2524.5 487.01 2213.1 2700.2 1.4850 5.6865 7.1716
200 120.21 0.001061 0.88578 504.50 2024.6 2529.1 504.71 2201.6 2706.3 1.5302 5.5968 7.1270
225 123.97 0.001064 0.79329 520.47 2012.7 2533.2 520.71 2191.0 2711.7 1.5706 5.5171 7.0877
250 127.41 0.001067 0.71873 535.08 2001.8 2536.8 535.35 2181.2 2716.5 1.6072 5.4453 7.0525
275 130.58 0.001070 0.65732 548.57 1991.6 2540.1 548.86 2172.0 2720.9 1.6408 5.3800 7.0207

300 133.52 0.001073 0.60582 561.11 1982.1 2543.2 561.43 2163.5 2724.9 1.6717 5.3200 6.9917
325 136.27 0.001076 0.56199 572.84 1973.1 2545.9 573.19 2155.4 . 2728.6 1.7005 5.2645 6.9650
350 138.86 0.001079 0.52422 583.89 1964.6 2548.5 584.26 2147.7 2732.0 1.7274 5.2128 6.9402
375 141.30 0.001081 0.49133 594.32 1956.6 2550.9 594.73 2140.4 2735.1 1.7526 5.1645 6.9171
400 143.61 0.001084 0.46242 604.22 1948.9 2553.1 604.66 2133.4 2738.1 1.7765 5.1191 6.8955
A50 147.90 0.001088 0.41392 622.65 1934.5 2557.1 623.14 2120.3 2743.4 1.8205 5.0356 6.8561
500 151.83 0.001093 0.37483 639.54 1921.2 2560.7 640.09 2108.0 2748.1 1.8604 4.9603 6.8207
550 155.46 0.001097 0.34261 655.16 1908.8 2563.9 655.77 2096.6 2752.4 1.8970 4.8916 6.7886
600 158.83 0.001101 0.31560 669.72 1897.1 2566.8 670.38 2085.8 2756.2 1.9308 4.8285 6.7593
650 161.98 0.001104 0.29260 683.37 1886.1 2569.4 684.08 2075.5 2759.6 1.9623 4.7699 6.7322
700 164.95 0.001108 0.27278 696.23 1875.6 2571.8 697.00 2065.8 2762.8 1.9918 4.7153 6.7071
750 167.75 0.001111 0.25552 708.40 1865.6 2574.0 709.24 2056.4 2765.7 2.0195 4.6642 6.6837



TABLE A-5
Saturated water-Pressure table (ConlinuetiJ

Specific volume, Internal energy, Enthalpy. Entropy.
m'lI<g kJlI<g kJlI<g kJ/kg . K

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press., temp .. liquid, vapor, liquid. Eyap .• vapor. liquid. Eyap .. vapor. liquid, Eyap .. vapor.

P kPa T••\ °c' VI v, UI u~ u, hI hI, h, SI Sf, S,

800 170.41 0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 2768.3 2.0457 4.6160 6.6616

850 172.94 0.001118 0.22690 731.00 1846.9 2577.9 731.95 2038.8 2770.8 2.0705 4.5705 6.6409

900 175.35 0.001121 0.21489 741.55 1838.1 2579.6 742.56 2030.5 2773.0 2.0941 4.5273 6.6213

950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 752.74 2022.4 2775.2 2.1166 4.4862 6.6027

1000 179.88 0.001127 0.19436 761.39 1821.4 2582.8 762.51 2014.6 2777.1 2.1381 4.4470 6.5850

1100 184.06 0.001133 0.17745 779.78 1805.7 2585.5 781.03 1999.6 2780.7 2.1785 4.3735 6.5520

1200 187.96 0.001138 0.16326 796.96 1790.9 2587.8 798.33 1985.4 2783.8 2.2159 4.3058 6.5217

1300 191.60 0.001144 0.15119 813.10 1776.8 2589.9 814.59 1971.9 2786.5 2.2508 4.2428 6.4936

1400 195.04 0.001149 0.14078 828.35 1763.4 2591.8 829.96 1958.9 2788.9 2.2835 4.1840 6.4675

1500 198.29 0.001154 0.13171 842.82 1750.6 2593.4 844.55 1946.4 2791.0 2.3143 4.1287 6.4430

1750 205.72 0.001166 0.11344 876.12 1720.6 2596.7 878.16 1917.1 2795.2 2.3844 4.0033 6.3877

2000 212.38 0.001177 0.099587 906.12 1693.0 2599.1 908.47 1889.8 2798.3 2.4467 3.8923 6.3390

2250 218.41 0.001187 0.088717 933.54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.2954

2500 223.95 0.001197 0.079952 958.87 1643.2 2602.1 961.87 1840.1 2801.9 2.5542 3.7016 6.2558

3000 233.85 0.001217 0.066667 1004.6 1598.5 2603.2 1008.3 1794.9 2803.2 2.6454 3.5402 6.1856

3500 242.56 0.001235 0.057061 1045.4 1557.6 2603.0 1049.7 1753.0 2802.7 2.7253 3.3991 6.1244

4000 250.35 0.001252 0.049779 1082.4 1519.3 2601.7 1087.4 1713.5 2800.8 2.7966 3.2731 6.0696

5000 263.94 0.001286 0.039448 1148.1 1448.9 2597.0 1154.5 1639.7 2794.2 2.9207 3.0530 5.9737

6000 275.59 0.001319 0.032449 1205.8 1384.1 2589.9 1213.8 1570.9 2784.6,3.0275 2.8627 5.8902

7000 285.83 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1505.2 2772.6 3.1220 2.6927 5.8148

8000 295.01 0.001384 0.023525 1306.0 1264.5 2570.5 1317.1 1441.6 2758.7 3.2077 2.5373 5.7450

9000 303.35 0.001418 0.020489 1350.9 1207.6 2558.5 1363.7 1379.3 2742.9 .3.2866 2.3925 5.6791

10.000 311.00 0.001452 0.018028 1393.3 1151.8 2545.2 1407.8 1317.6 2725.5 3.3603 2.2556 5.6159

11.000 318.08 0.001488 0.015988 1433.9 1096.6 2530.4 1450.2 1256.1 2706.3 3.4299 2.1245 5.5544

12.000 324.68 0.001526 0.014264 1473.0 1041.3 2514.3 1491.3 1194.1 2685.4 3.4964 1.9975 5.4939

13,000 330.85 0.001566 0.012781 1511.0 985.5 2496.6 1531.4 1131.3 2662.7 3.5606 1.8730 5.4336

14.000 336.67 0.001610 0.011487 1548.4 928.7 2477.1 1571.0 1067.0 2637.9 3.6232 1.7497 5.3728

15.000 342.16 0.001657 0.010341 1585.5 870.3 2455.7 1610.3 1000.5 2610.8 3.6848 1.6261 5.3108

16.000 347.36 0.001710 0.009312 1622.6 809.4 2432.0 1649.9 931.1 2581.0 3.7461 1.5005 5.2466

17.000 352.29 0.001770 0.008374 1660.2 745.1 2405.4 1690.3 857.4 2547.7 3.8082 1.3709 5.1791

18.000 356.99 0.001840 0.007504 1699.1 675.9 2375.0 1732.2 777.8 2510.0 3.8720 1.2343 5.1064

'19.000 361.4.7 0.001926 0.006677 1740.3 598.9 2339.2 1776.8 689.2 2466.0 3.9396 1.0860 5.0256

20.000 365.75 0.002038 0.005862 1785.8 509.0 2294.8 1826.6 585.5 2412.1 4.0146 0.9164 4.9310

21.000 369.83 0.002207 0.004994 1841.6 391.9 2233.5 1888.0 450.4 2338.4 4.1071 0.7005 4.8076

22.000 373.71 0.002703 0.003644 1951.7 140.8 2092.4 2011.1 161.5 2172.6 4.2942 0.2496 4.5439

22.064 373.95 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 0 4.4070

I
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TABLEA~

"

Suoerheated water
T v u h 5 v u h 5 v u h 5

"C m'lkg kJ/kg kJlkg kJ/kg' K m'lkg kJlkg kJlkg kJlkg' K m'/kg kJ/kg kJlkg kJlkg' K

P = 0.0 I MPa (45,81"C)" P = 0.05 MPa C81.32'C) P = 0.10 MPa (99.61'CI

Sat.' 14.670 2437.2 2583.9 8.1488 3,2403 2483.2 2645,2 7.5931 1.6941 2505.6 2675.0 7,3589
50 14.867 2443.3 2592,0 8.1741

100 17,196 2515.5 2687.5 8.4489 3,4187 2511.5 2682.4 7.6953 1.6959 2506.2 2675.8 7,3611
150 19,513 2587.9 2783.0 8,6893 3,8897 2585,7 2780,2 7.9413 1.9367 2582,9 2776.6 7.6148
200 21.826 2661.4 2879.6 8.9049 4,3562 2660,0 2877.8 8.1592 2.1724 2658.2 2875,5 7.8356
250 24.136 2736.1 2977,5 9.1015 4.8206 2735.1 2976,2 8.3568 2,4062 2733.9 . 2974.5 8,0346
300 26.446 2812.3 3076.7 9,2827 5,2841 2811.6 3075.8 8.5387 2.6389 2810.7 . 3074,5 8.2172
400 31.063 2969.3 3280.0 9.6094 6,2094 2968.9 3279,3 8.8659 3,1027 2968.3 3278.6 8,5452
500 35.680 3132.9 3489.7 9,8998 7,1338 3132,6 3489,3 9.1566 3.5655 3132,2 3488.7 8,8362
600 40.296 3303.3 3706,3 10.1631 8.0577 3303.1 3706,0 9,4201 4.0279 3302.8 3705.6 9,0999
700 44.911 3480.8 3929.9 10.4056 8.9813 3480.6 3929.7 9,6626 4,4900 3480,4 3929,4 9.3424
800 49.527 3665,4 4160.6 10.6312 9,9047 3665,2 4160,4 9.8883 4.9519 3665,0 4160.2 9.5682
900 54,143 3856,9 4398,3 10,8429 10,8280 3856.8 4398,2 10.1000 5,4137 3856.7 4398.0 ,9,7800

1000 58.758 4055.3 4642.8 11.0429 11.7513 4055.2 4642,7 10.3000 5,8755 4055,0 4642.6/,'9,9800
1100 63.373 4260.0 4893.8 11.2326 12.6745 4259.9 4893,7 10,4897 6,3372 4259,8 4893,6,:10.1698
1200 67,989 4470.9 5150,8 11.4132 13.5977 4470.8 5150.7 10,6704 6.7988 4470.7 5150:6' 10,3504
1300 72,604 4687.4 5413,4 11.5857 14.5209 4687.3 5413,3 10,8429 7,2605 4687.2 5413:3 10.5229

P = 0.20 MPa (}20,21'C) P = 0,30 MPa (}33.52'C) P = 0.40 MPa (}43.6I'C)

Sat. 0,88578 2529.1 2706,3 7.1270 0.60582 2543,2 2724,9 6,9917 0.46242 2553.1 2738,1 6.8955
150 0.95986 2577, I 2769.1 7,2810 0,63402 2571.0 2761.2 7,0792 0,4 7088 2564,4 2752.8 6.9306
200 1.08049 2654.6 2870,7 7.5081 0.71643 2651.0 2865.9 7,3132 0.53434 2647.2 2860,9 7,1723
250 1.19890 2731.4 2971.2 7,1100 0,19645 2728,9 2967.9 7.5180 0.595202.726.4 2964.5 7.3804
300 1.31623 2808,8 3072.1 1,8941 0.81535 2807.0 3069,6 7,7031 0.65489;28'05,1 3067.1 7.5677
400 1.54934 2961,2 3271.0 8.2236 1.03155 2966,0 3215.5 8,0341 0, 77265(2964.9 3213,9 7.9003
500 1.78142 3131.4 3481.7 8.5153 1.18672 3130.6 3486.6 8,3271 0.889363129,8 3485,5 8.1933
600 2.01302 3302,2 3104.8 8.7793 1.34139 3301.6 3704.0 8,5915 1.00558 3301.0 3703,3 8,4580
100 2.24434 3479,9 .3928,8 9,0221 1.49580 3479.5 3928,2 8,8345 1.121523419,0 3927.6 8,7012
800 2.47550 3664,7 4159.8 9,2479 1.65004 3664.3 4159,3 9.0605 1.23730 3663.9 4158.9 8,9214
900 2,10656 3856.3 4391,7 9,4598 1.80417 3856,0 4391.3 9.2725 1.35298 3855.7 . 4396.9 9.1394

1000 2.93155 4054.8 4642.3 9.6599 1.95824 4054,5 4642,0 9,4726 1.46859 4054.3 4641.7 9.3396
1100 3,16848 4259.6 4893.3 9.8491 2.11226 4259,4 4893.1 9.6624 1.58414 4259,2 4892,9 9,5295
1200 3.39938 4410,5 5150.4 10,0304 2,26624 4470.3 5150,2 9,8431 1.699664470.2 5150.0 9,7102
1300 3.63026 4687.1 5413,1 10,2029 2,42019 4686.9 5413,0 10.0157 1.815164686.7 5412.8 9,8828

P = 0,50 MPa (}51.83'C) P = 0.60 MPa (}58.83'C) P = 0.80 MPa (}10,41 'C)

Sat. 0,31483 2560.7 2148,1 6.8201 0,31560 2566.8 2156,2 6,1593 0.24035 2576,0 2168,3 6.6616
200 0.42503 2643,3 2855.8 1,0610 0,35212 2639,4 2850.6 6.9683 0.26088 2631.1 2839,8 6,8177
250 0.41443 2723,8 2961.0 1.2725 0.39390 2121.2 2951.6 7,1833 0,293212115.9 2950.4 1.0402
300 0.52261 2803.3 3064.6 1,4614 0.43442 2801.4 3062.0 7,3140 0.324162197.5 3056,9 7.2345
350 0,57015 2883,0 3168.1 1.6346 0.41428 2881.6 3166.1 7.5481 0.35442 2878,6 3162.2 1,4107
400 0.61731 2963,7 3272,4 1,7956 0.51374 2962.5 3270.8 7.7097 0.38429 2960.2 3267,7 7.5735
500 0,11095 3129.0 3484.5 8.0893 0.59200 3128.2 3483,4 8.0041 0,443323126.6 3481.3 1.8692
600 0,80409 3300,4 3702.5 8,3544 0,66976 3299,8 3701.7 8.2695 0.501863298,7 3100.1 8,1354
100 0.89696 3418,6 3927.0 8,5978 0.74725 3478, I 3926.4 8.5132 0,56011 3477,2 3925,3 8.3794
800 0.98966 3663,6 4158,4 8,8240 0.82457 3663,2 4157,9 8,1395 0.618203662.5 4157.0 8,6061
900 1.08227 3855.4 4396.6 9,0362 0,90119 3855.1 4396.2 8.9518 0,676193854,5 4395.5 8,8185

1000 1.11480 4054.0 4641.4 9.2364 0,91893 4053.8 4641.1 9,1521 0,73411 4053.3 4640,5 9.0189
1100 1.26728 4259,0 4892.6 9,4263 1.05603 4258,8 4892,4 9.3420 0.791974258.3 4891.9 9,2090
1200 1.35912 4410,0 5149.8 9,6071 1.13309 4469,8 5149,6 9,5229 0.84980 4469,4 5149,3 9.3898
1300 1,45214 4686,6 5412.6 9.7797 1.21012 4686.4 5412.5 9.6955 0.90761 4686,1 5412,2 9.5625

'The lemptullure In p'renlht1oeS IS the Wlluralion temperature llilhe specifled pressure.

, PrOPerties 01 salurated yapOf' at the !PtCllied pteuufe.
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TABLE A-6
Sunerhealed waler (Continued)
T v u h 5 V u h 5 v u h 5.C m3/kg kJlkg .kJ/kg kJlkg' K m3lkg kJ/kg kJlkg kJ/kg' K m3/kg kJ/kg kJ/kg kJlkg' K

p = 1.00 MPa (I 79.BB'CI P = 1.20 MPa (I87.96"CI P = 1.40 MPa (I95.04.Cl
Sat. 0.19437 2582.8 2777.1 6.5850 0.16326 2587.8 2783.8 6.5217 0.14078, 2591.8 2788.9 6.4675
200 0.20602 2622.3 2828.3 6.6956 0.16934 2612.9 2816.1 6.5909 0.14303' 2602.7 2803.0 6.4975
250 0.23275 2710.4 2943.1 6.9265 0.19241 2704.7 2935.6 6.8313 0.16356'~ 2698.9 2927.9 6.7488
300 0.25799 2793.7 3051.6 7.1246 0.21386 2789.7 3046.3 7.0335 0.18233 2785.7 .. 30;1"6:9' 6.9553
350 0.28250 2875.7 3158.2 7.3029 0.23455 2872.7 3154.2 7.2139 0.20029 2869.7"3150.1 7.1379
400 0.30661 2957.9 3264.5 7.4670 0.25482 2955.5 3261.3 7.3793 0.21782 2953.1 3258.1 7.3046
500 0.35411 3125.0 3479.1 7.7642 0.29464 3123.4 3477.0 7.6779 0.25216 3121.8 3474.8 7.6047
600 0.40111 3297.5 3698.6 8.0311 0.33395 3296.3 3697.0 7.9456 0.28597 3295.1 3695.5 7.8730
700 0.44783 3476.3 3924.1 8.2755 0.37297 3475.3 3922.9 8.1904 0.31951 3474.4 3921.7 8.1183
800 0.49438 3661.7 4156.1 8.5024 0.41184 3661.0 4155.2 8.4176 0.35288 3660.3 4154.3 8.3458
900 0.54083 3853.9 4394.8 8.7150 0.45059 3853.3 4394.0 8.6303 0.38614 3852.7 4393.3 8.5587

1000 0.58721 4052.7 4640.0 8.9155 0.48928 4052.2 4639.4 8.8310 0.41933 4051.7 4638.8 8.7595
1100 0.63354 4257.9 4891.4 9.1057 0.52792 4257.5 4891.0 9.0212 0.45247 4257.0 4890.5 8.9497
1200 0.67983 4469.0 5148.9 9.2866 0.56652 4468.7 5148.5 9.2022 0.48558 4468.3 5148.1 9.1308
1300 0.72610 4685.8 5411.9 9.4593 0.60509 4685.5 5411.6 9.3750 0.51866 4685.1 5411.3 9.3036

p = 1.60 MPa 1201.37'C) P = 1.80 MPa (207.11.C) P = 2.00 MPa (212.38.C)
Sat. 0.12374 2594.8 2792.8 6.4200 0.11037 2597.3 2795.9 6.3775 0.09959 2599.1 2798.3 6.3390
225 0.13293 2645.1 2857.8 6.5537 0.11678 2637.0 2847.2 6.4825 0.10381 2628.5 2836.1 6.4160
250 0.14190 2692.9 2919.9 6.6753 0.12502 2686.7 2911.7 6.6088 0.11150 2680.3 2903.3 6.5475
300 0.15866 2781.6 3035.4 6.8864 0.14025 2777.4 3029.9 6.8246 0.12551 2773.2 3024.2 6.7684
350 0.17459 2866.6 3146.0 7.0713 0.15460 2863.6 3141.9 7.0120 0.13860 2860.5 3137.7 6.9583
400 0.19007 2950.8 3254.9 7.2394 0.16849 2948.3 3251.6 7.1814 0.15122 2945.9 3248.4 7.1292
500 0.22029 3120.1 3472.6 7.5410 0.19551 3118.5 3470.4 7.4845 0.17568 3116.9 3468.3 7.4337
600 0.24999 3293.9 3693.9 7.8101 0.22200 3292.7 3692.3 7.7543 0.19962 3291.5 3690.7 7.7043
700 0.27941 3473.5 3920.5 8.0558 0.24822 3472.6 3919.4 8.0005 0.22326 3471.7 3918.2 7.9509
800 0.30865 3659.5 4153.4 8.2834 0.27426 3658.8 4152.4 8.2284 0.24674 3658.0 4151.5 8.1791
900 0.33780 3852.1 4392.6 8.4965 0.30020 3851.5 4391.9 8.4417 0.27012 3850.9 4391.1 8.3925

1000 0.36687 4051.2 4638.2 8.6974 0.32606 4050.7 4637.6 8.6427 0.29342 4050.2 4637.1 8.5936
1100 0.39589 4256.6 4890.0. 8.8878 0.35188 4256.2 4889.6 8.8331 0.31667 4255.7 4889.1 8.7842
1200 0.42488 4467.9 5147.7 9.0689 0.37766 4467.6 5147.3 9.0143 0.33989 4467.2 5147.0 8.9654
1300 0.45383 4684.8 5410.9 9.2418 0.40341 4684.5 5410.6 9.1872 0.36308 4684.2 5410.3 9.1384

P = 2.50 MPa (223.95'Cl P = 3.00 MPa (233.85'C) P = 3.50 MPa (242.56'C1
Sat. 0.07995 2602.1 2801.9 6.2558 0.06667 2603.2 2803.2 6.1856 0.05706 2603.0 2802.7 6.1244
225 0.08026 2604.8 2805.5 6.2629
250 0.08705 2663.3 2880.9 6.4107 0.07063 2644.7 2856.5 6.2893 0.05876 2624.0 2829.7 6.1764
300 0.09894 2762.2 3009.6 6.6459 0.08118 2750.8 2994.3 6.5412 0.06845 2738.8 2978.4 6.4484
350 0.10979 2852.5 3127.0 6.8424 0.09056 2844.4 3116.1 6.7450 0.07680 2836.0 3104.9 6.6601
400 0.12012 2939.8 3240.1 7.0170 0.09938 2933.6 3231.7 6.9235 0.08456 2927.2 3223.2 6.8428
450 0.13015 3026.2 3351.6 7.1768 0.10789 3021.2 3344.9 7.0856 0.09198 3016.1 3338.1 7.0074
500 0.13999 3112.8 3462.8 . 7.3254 0.11620 3108.6 3457.2 7.2359 0.09919 3104.5 3451.7 7.1593
600 0.15931 3288.5 3686.8 7.5979 0.13245 3285.5 3682.8 7.5103 0.11325 3282.5 3678.9 7.4357
700 0.17835 3469.3 3915.2 7.8455 0.14841 3467.0 3912.2 7.7590 0.12702 3464.7 3909.3 7.6855
800 0.19722 3656.2 4149.2 8.0744 0.16420 3654.3 4146.9 7.9885 0.14061 3652.5 4144.6 7.9156
900 0.21597 3849.4 4389.3 8.2882 0.17988 3847.9 4387.5 8.2028 0.15410 3846.4 4385.7 8.1304

1000 0.23466 4049.0 4635.6 8.4897 0.19549 4047.7 4634.2 8.4045 0.16751 4046.4 4632.7 8.3324
1100 0.25330 4254.7 4887.9 8.6804 0.21105 4253.6 4886.7 8.5955 0.18087 4252.5 4885.6 8.5236
1200 0.27190 4466.3 5146.0 8.8618 0.22658 4465.3 5145.1 8.7771 0.19420 4464.4 5144.1 8.7053
1300 0.29048 4683.4 5409.5 9.0349 0.24207 4682.6 5408.8 8.9502 0.20750 4681.8 5408.0 8.8786
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TABLE A-6
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Superheated water (Continued!
T v u h s v u h s v u h s
'C m'lkg kJlkg kJlkg kJlkg. K m'/kg kJ/kg kJ/kg kJlkg' K m'lkg kJlkg kJlkg kJ/kg' K

-
p ~ 4.0 MPa 1250.35'Cl .'p.~4.5 MPa 1257.44'C) p ~ 5.0 MPa 1263.94'C)

Sat. 0.04978 2601.7 2800.8 6.0696 0.04406 2599.7 2798.0 6.0198 0.03945 2597.0 2794.2 5.9737
275 0.05461 2668.9 2887.3 6.2312 0.04733 2651.4 2864.4 6.1429 0.04144 2632.3 2839.5 6.0571
300 0.05887 2726.2 2961.7 6.3639 0.05138 2713.0 2944.2 6.2854 0.04535 2699.0 2925.7 6.2111
350 0.06647 2827.4 3093.3 6.5843 0.05842 2818.6 3081.5 6.5153 0.05197 2809.5 3069.3 6.4516
400 0.07343 2920.8 3214.5 6.7714 0.06477 2914.2 3205.7 6.7071 0.05784 2907.5 3196.7 6.6483
450 0.08004 3011.0 3331.2 6.9386 0.07076 3005.8 3324.2 6.8770 0.06332 3000.6 3317.2 6.8210
500 0.08644 3100.3 3446.0 7.0922 0.07652 3096.0 3440.4 7.0323 0.06858 3091.8 3434.7 6.9781
600 0.09886 3279.4 3674.9 7.3706 0.08766 3276.4 3670.9 7.3127 0.07870 3273.3 3666.9 7.2605
700 0.11098 3462.4 3906.3 7.6214 0.09850 3460.0 3903.3 7.5647 0.08852 3457.7 3900.3 7.5136
800 0.12292 3650.6 4142.3 7.8523 0.10916 3648.8 4140.0 7.7962 0.09816 3646.9 4137.7 7.7458
900 0.13476 3844.8 4383.9 8.0675 0.11972 3843.3 4382.1 8.0118 0.10769 3841.8 4380.2 7.9619

1000 0.14653 4045.1 4631.2 8.2698 0.13020 4043.9 4629.8 8.2144 0.11715 4042.6 4628.3 8.1648
1100 0.15824 4251.4 4884.4 8.4612 0.14064 4250.4 4883.2 8.4060 0.12655 4249.3 4882.1 8.3566
1200 0.16992 4463.5 5143.2 8.6430 0.15103 4462.6 5142.2 8.5880 0.13592 4461.6 5141.3 8.5388
1300 0.18157 4680.9 5407.2 8.8164 0.16140 4680.1 5406.5 8.7616 0.14527 4679.3 5405.7 8.7124

P ~ 6.0 MPa 1275.59'CI p ~ 7.0 MPa 1285.83'C) p ~ 8.0 MPa (295.01'C)

Sat. 0.03245 2589.9 2784.6 5.8902 0.027378 2581.0 2772.6 5.8148 0.023525 2570.5 2758.7 5.7450
300 0.03619 2668.4 2885.6 6.0703 0.029492 2633.5 2839.9 5.9337 0.024279 2592.3 2786.5 5.7937
350 . 0.04225 2790.4 3043.9 6.3357 0.035262 2770.1 3016.9 6.2305 0.029975 2748.3 2988.1 6.1321
400 0.04742 2893.7 3178.3 6.5432 0.039958 2879.5 3159.2 6.4502 0.034344 2864.6 3139.4 6.3658
450 0.05217 2989.9 3302.9 6.7219 0.044187 2979.0 3288.3 6.6353 0.038194 2967.8 3273.3 6.5579
500 0.05667 3083.1 3423.1 6.8826 0.048157 3074.3 3411.4 6.8000 0.041767 3065.4 3399.5 6.7266
550 0.06102 3175.2 3541.3 7.0308 0.051966 3167.9 3531.6 6.9507 0.045172 3160.5 3521.8 6.8800
600 0.06527 3267.2 3658.8 7.1693 0.055665 3261.0 3650.6 7.0910 0.048463 3254.7 3642.4 7.0221
700 0.07355 3453.0 3894.3 7.4247 0.062850 3448.3 3888.3 7.3487 0.054829 3443.6 3882.2 7.2822
800 0.08165 3643.2 4133.1 7.6582 0.069856 3639.5 4128.5 7.5836 0.061011 3635.7 4123.8 7.5185
900 0.08964 3838.8. 4376.6 7.8751 0.076750 3835.7 4373.0 7.8014 0.067082 3832.7 4369.3 7.7372

1000 0.09756 4040.1 4625.4 8.0786 0.083571 4037.5 4622.5 8.0055 0.073079 4035.0 4619.6 7.9419
1100 0.10543 4247.1 4879.7 8.2709 0.090341 4245.0 4877.4 8.1982 0.079025 4242.8 4875.0 8.1350
1200 0.11326 4459.8 5139.4 8.4534 0.097075 4457.9 5137.4 8.3810 0.084934 4456.1 5135.5 8.3181
1300 0.12107 4677.7 5404.1 8.6273 0.103781 4676.1 5402.6 8.5551 0.090817 4674.5 5401.0 8.4925

p • 9.0 MPa (303.35'<:1 p. 10.0 MPa 1311.00'Cl p = 12.5 MPa 1327.81'<:1

Sat. 0.020489 2558.5 2742.9 5.6791 0.018028 2545.2 2725.5 5.6159 0.013496 2505.6 2674.3 5.4638
325. 0.023284 2647.6 2857.1 5.8738 0.019877 2611.6 2810.3 5.7596
350 0.0258162725.0 2957.3 6.0380 0.022440 2699.6 2924.0 5.9460 0.016138 2624.9 2826.6 5.7130
400 0.0299602849.2 3118.8 6.2876 0.026436 2833.1 3097.5 6.2141 0.020030 2789.6 3040.0 6.0433
450 0.033524 2956.3 3258.0 6.4872 0.029782 2944.5 3242.4 6.4219 0.023019 2913.7 3201.5 6.2749
500 0.036793 3056.3 3387.4 6.6603 0.032811 3047.0 3375.1 6.5995 0.025630 3023.2 3343.6 6.4651
550 0.0398853153.0 3512.0 6.8164 0.035655 3145.4 3502.0 6.7585 0.028033 3126.1 3476.5 6.6317
600 0.042861 3248.4 3634.1 6.9605 0.038378 3242.0 3625.8 6.9045 0.030306 3225.8 3604.6 6.7828
650 0.0457553343.4 3755.2 7.0954 0.041018 3338.0 3748.1 7.0408 0.032491 3324.1 3730.2 6.9227
700 0.048589 3438.8 3876.1 7.2229 0.043597 3434.0 3870.0 7.1693 0.034612 3422.0 3854.6 7.0540
800 0.054132 3632.0 4119.2 7.4606 0.048629 3628.2 4114.5 7.4085 0.038724 3618.8 4102.8 7.2967
900 0.059562 3829.6 4365.7 7.6802 0.053547 3826.5 4362.0 7.6290 0.042720 3818.9 4352.9 7.5195 1

1000 0.0649194032.4 4616.7 7.8855 0.058391 4029.9 4613.8 7.8349 0.046641 4023.5 4606.5 7.7269 .. -,
1100 0.070224 4240.7 4872.7 8.0791 0.063183 4238.5 4870.3 8.0289 0.050510 4233.1 4864.5 7.9220./
1200 0.075492 4454.2 5133.6 8.2625 0.067938 4452.4 5131.7 8.2126 0.054342 4447.7 5127.0 8.1065
1300 0.0807334672.9 5399.5 8.4371 0.072667 4671.3 5398.0 8.3874 10.058147 4667.3 5394.1 8.2819
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I dS (Cuperheated water one u eel)

T v u h 5 V u h 5 'v u h 5

'C m'lkg kJ/kg kJlkg kJlkg' K m'lkg kJlkg kJlkg kJlkg' K m'lkg kJlkg kJ/kg kJlkg' K

p = 15.0 MP. 1342.16'Cl P = 17.5 MP. 1354.67'CI P = 20.0 MPa 1365.75'Cl

Sal. 0.010341 2455.7 2610.8 5.3108 0.007932 2390.7 2529.5 5.1435 0.005862 2294.8 2412.1 4.9310
350 0.011481 2520.9 2693.1 5.4438
400 0.015671 2740.6 2975.7 5.8819 0.012463 2684.3 2902.4 5.7211 0.009950 .2617.9 2816.9 5.5526
450 0.018477 2880.8 3157.9 6.1434 0.015204 2845.4 3 111.4 6.0212 0.012721 2807.3 3061.7 5.9043
500 0.020828 2998.4 3310.8 6.3480 0.017385 2972.4 3276.7 6.2424 0.01479f'.Z946.3. 3241.2 6.1446
550 0.022945 3106.2 3450.4 6.5230 0.019305 3085.8 3423.6 6.4266 0.016571 3064.7 3396.2 6.3390
600 0.024921 3209.3 3583.1 6.6796 0.021073 3192.5 3561.3 6.5890 0.018185 3175.3 3539.0 6.5075
650 0.026804 3310.1 3712.1 6.8233 0.022742 3295.8 3693.8 6.7366 0.019695 3281.4 3675.3 6.6593
700 0.028621 3409.8 3839.1 6.9573 0.024342 3397.5 3823.5 6.8735 0.021134 3385.1 3807.8 6.7991
800 0.032121 3609.3 4091.1 7.2037 0.027405 3599.7 4079.3 7.1237 0.023870 3590.1 4067.5 7.0531
900 0.035503 3811.2 4343.7 7.4288 0.030348 3803.5 4334.6 7.3511 0.026484 3795.7 4325.4 7.2829
1000 0.038808 4017.1 4599.2 7.6378 0.033215 4010.7 4592.0 7.5616 0.029020 4004.3 4584.7 7.4950
1100 0.042062 4227.7 4858.6 7.8339 0.036029 4222.3 4852.8 7.7588 0.031504 4216.9 4847.0 7.6933
1200 0.045279 4443.1 5122.3 8.0192 0.038806 4438.5 5117.6 7.9449 0.033952 4433.8 5112.9 7.8802
1300 0.048469 4663.3 5390.3 8.1952 0.041556 4659.2 5386.5 8.1215 0.036371 4655.2 5382.7 8.0574

P = 25.0 MPa P = 30.0 MP. P = 35.0 MPa

375 0.001978 1799.9 1849.4 4.0345 0.001792 1738.1 1791.9 3.9313 0.001701 1702.8 1762.4 3.8724
400 0.006005 2428.5 2578.7 5.1400 0.002798 2068.9 2152.8 4.4758 0.002105 1914.9 1988.6 4.2144
425 0.007886 2607.8 2805.0 5.4708 0.005299 2452.9 2611.8 5.1473 0.003434 2253.3 2373.5 4.7751
450 0.009176 2721.2 2950.6 5.6759 0.006737 2618.9 2821.0 5.4422 0.004957 2497.5 2671.0 5.1946
500 0.011143 2887.3 3165.9 5.9643 0.008691 2824.0 3084.8 5.7956 0.006933 2755.3 2997.9 5.6331
550 0.012736 3020.8 3339.2 6.1816 0.010175 2974.5 3279.7 6.0403 0.008348 2925.8 3218.0 5.9093
600 0.014140 3140.0 3493.5 6.3637 0.011445 3103.4 3446.8 6.2373 0.009523 3065.6 3399.0 6.1229
650 0.015430 3251.9 3637.7 6.5243 0.012590 3221.7 3599.4 6.4074 0.010565 3190.9 3560.7 6.3030
700 0.016643 3359.9 3776.0 6.6702 0.013654 3334.3 3743.9 6.5599 0.011523 3308.3 3711.6 6.4623
800 0.018922 3570.7 4043.8 6.9322 0.015628 3551.2 4020.0 6.8301 0.013278 3531.6 3996.3 6.7409
900 0.021075 ,3780.2 4307.1 7.1668 0.017473 3764.6 4288.8 7.0695 0.014904 3749.0 4270.6 6.9853
1000 0.023150 3991.5 4570.2 7.3821 0.019240 3978.6 4555.8 7.2880 0.016450 3965.8 4541.5 7.2069
1100 0.025172 4206.1 4835.4 7.5825 0.020954 4195.2 4823.9 7.4906 0.017942 4184.4 4812.4 7.4118
1200 0.027157 4424.6 5103.5 7.7710 0.022630 4415.3 5094.2 7.6807 0.019398 4406.1 5085.0 7.6034
1300 0.029115 4647.2 5375.1 7.9494 0.024279 4639.2 5367.6 7.8602 0.020827 4631.2 5360.2 7.7841

P = 40.0 MPa p. 50.0 MPa p. 60.0 MPa

375 0.001641 1677.0 1742.6 3.8290 0.001560 1638.6 1716.6 3.7642 0.001503 1609.7 1699.9 3.7149
. 400 0.001911 1855.0 1931.4 4.1145 0.001731 1787.8 1874.4 4.0029 0.001633 1745.2 1843.2 3.9317
425 0.002538 2097.5 2199.0 4.5044 0.002009 1960.3 2060.7 4.2746 0.001816 1892.9 2001.8 4.1630
450 0.003692 2364.2 2511.8 4.9449 0.002487 2160.3 2284.7 4.5896 0.002086 2055.1 2180.2 4.4140
500 0.005623 2681.6 2906.5 5.4744 0.003890 2528.1 2722.6 5.1762 0.002952 2393.2 2570.3 4.9356
550 0.006985 2875.1 3154.4 5.7857 0.005118 2769.5 3025.4 5.5563 0.003955 2664.6 2901.9 5.3517
600 0.008089 3026.8 3350.4 6.0170 0.006108 2947.1 3252.6 5.8245 0.004833 2866.8 3156.8 5.6527
650 0.009053 3159.5 3521.6 6.2078 0.006957 3095.6 3443.5 6.0373 0.005591 3031.3 3366.8 5.8867
700 0.009930 3282.0 3679.2 6.3740 0.007717 3228.7 3614.6 6.2179 0.006265 3175.4 3551.3 6.0814
800 0.011521 3511.8 3972.6 6.6613 0.009073 3472.2 3925.8 6.5225 0.007456 3432.6 3880.0 6.4033
900 0.012980 3733.3 4252.5 6.9107 0.010296 3702.0 4216.8 6.7819 0.008519 3670.9 4182.1 6.6725
1000 0.014360 3952.9 4527.3 7.1355 0.011441 3927.4 4499.4 7.0131 0.009504 3902.0 4472.2 6.9099
1100 0.015686 4173.7 4801.1 7.3425 0.012534 4152.2 4778.9 7.2244 0.010439 4130.9 4757.3 7.1255
1200 0.016976 4396.9 5075.9 7.5357 0.013590 4378.6 5058.1 7.4207 0.011339 4360.5 5040.8 7.3248
1300 0.018239 4623.3 5352.8 7.7175 0.014620 4607.5 5338.5 7.6048 0.012213 4591.8 5324.5 7.5111
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TABLE A-7
omoressed 1I0Ul water

T v u : h 5 V u. h 5 V u h 5

'C m'lkg kJlkg' kJ/kg kJlkg . K m'/kg kJ/kg . kJ/kg kJlkg . K m'/kg kJ/kg kJ/kg kJlkg' K

P = 5 MPa 1263.94'CI P = 10 MPa (311.00'C1 P = 15 MPa (342.16'C)

Sat. 0.0012862 1148.1 1154.5 2.9207 0.0014522 1393.3 1407.9 3.3603 0.0016572 1585.5 1610.3 3.6848
0 0.0009977 0.04 5.03 0.0001 0.0009952 0.12 10.07 0.0003 0.0009928 0.18 15.07 0.0004
20 0.0009996 83.61 88.61 0.2954 0.0009973 83.31 93.28 0.2943 0.0009951 83.01 97.93 0.2932
40 0.0010057 166.92 171.95 0.5705 0.0010035 166.33 176.37 0.5685 0.0010013 165.75 180.77 0.5666
60 0.0010149 250.29 255.36 0.8287 0.0010127 249.43 259.55 0.8260 0.0010105 248.58 263.74 0.8234
80 0.0010267 333.82 338.96 1.0723 0.0010244 332.69 342.94 1.0691 0.0010221 331.59 346.92 1.0659
100 0.0010410 417.65 422.85 1.3034 0.0010385 416.23 426.62 1.2996 0.0010361 414.85 430.39 1.2958
120 0.0010576 .501.91 507.19 1.5236 0.0010549 500.18 510.73 1.5191 0.0010522 498.50 514.28 1.5148
140 0.0010769 586.80 592.18 1.7344 0.0010738 584.72 595.45 1.7293 0.0010708 582.69 598.75 1.7243
160 0.0010988 672.55 678.04 1.9374 0.0010954 670.06 681.01 1.9316 0.0010920 667.63 684.01 1.9259
180 0.0011240 759.47 765.09 2.1338 0.0011200 756.48 767.68 2.1271 0.0011160 753.58 770.32 2.1206
200 0.0011531 847.92 853.68 2.3251 0.0011482 844.32 855.80 2.3174 0.0011435 840.84 858.00 2.3100
220 0.0011868 938.39 944.32 2.5127 0.0011809 934.01 945.82 2.5037 0.0011752 929.81 947.43 2.4951
240 0.0012268 1031.6 1037.7 2.6983 0.0012192 1026.2 1038.3 2.6876 0.0012121 1021.0 1039.2 2.6774
260 0.0012755 1128.5 1134.9 2.8841 0.0012653 1121.6 1134.3 2.8710 0.0012560 1115.1 1134.0 2.8586
280 ! 0.0013226 1221.8 1235.0 3.0565 0.0013096 1213.4 1233.0 3.0410
300 ; 0.0013980 1329.4 1343.3 3.2488 0.0013783 1317.6 1338.3 3.2279
320

, 0.0014733 1431.9 1454.0 3.4263
340 I 0.0016311 1567.9 1592.4 3.6555

P = 20 MPa 1365.75'C) P = 30 MPa P = 50 MPa

Sat. 0.0020378 1785.8 1826.6 4.0146
0 0.0009904 0.23 20.03 0.0005 0.0009857 0.29 29.86 0.0003 0.0009767 0.29 49.13 -0.0010
20 0.0009929 82.71 102.57 0.2921 0.0009886 82.11 111.77 0.2897 0.0009805 80.93 129.95 0.2845
40 0.0009992 165.17 185.16 0.5646 0.0009951 164.05 193.90 0.5607 0.0009872 161.90 211.25 0.5528
60 0.0010084 247.75 267.92 0.8208 0.0010042 246.14 276.26 0.8156 0.0009962 243.08 292.88 0.8055
80 0.0010199 330.50 350.90 1.0627 0.0010155 328.40 358.86 1.0564 0.0010072 324.42 374.78 1.0442
100 0.0010337 413.50 434.17 1.2920 0.0010290 410.87 441.74 1.2847 0.0010201 405.94 456.94 1.2705
120 0.0010496 496.85 517.84 1.5105 0.0010445 493.66 525.00 1.5020 0.0010349 487.69 539.43 1.4859
140 0.0010679 580.71 602.07 1.7194 0.0010623 576.90 608.76 1.7098 0.0010517 569.77 622.36 1.6916
160 0.0010886 665.28 687.05 1.9203 0.0010823 660.74 693.21 1.9094 0.0010704 652.33 705.85 1.8889
180 0.0011122 750.78 773.02 2.1143 0.0011049 745.40 778.55 2.1020 0.0010914 735.49 790.06 2.0790
200 0.0011390 837.49 860.27 2.3027 0.0011304 831.11 865.02 2.2888 0.0011149 819.45 875.19 2.2628
220 0.0011697 925.77 949.16 2.4867 0.0011595 918.15 952.93 2.4707 0.0011412 904.39 961.45 2.4414
240 0.0012053 1016.1 1040.2 2.6676 0.0011927 1006.9 1042.7 2.6491 0.0011708 990.55 1049.1 2.6156
260 . 0.0012472 1109.0 1134.0 2.8469 0.0012314 1097.8 1134.7 2.8250 0.0012044 1078.2 1138.4 2.7864
280 0.0012978 1205.6' 1231.5 3.0265 0.0012770 1191.5 1229.8 . 3.0001 0.0012430 1167.7 1229.9 2.9547
300 0.0013611 1307.2 1334.4 3.2091 0.0013322 1288.9 1328.9 3.1761 0.0012879 1259.6 1324.0 3.1218
320 0.0014450 1416.6 1445.5 3.3996 0.0014014 1391.7 1433.7 3.3558 0.0013409 1354.3 1421.4 3.2888
340 0.00156931540.2. 1571.6 3.6086 0.0014932 1502.4 1547.1 3.5438 0.0014049 1452.9 1523.1 3.4575
360 0.0018248 1703.6 1740.1 3.8787 0.0016276 1626.8 1675.6 3.7499 0.0014848 1556.5 1630.7 3.6301
380

, 0.0018729 1782.0 1838.2 4.0026 0.0015884 1667.1 1746.5 3.8102

~---------~---------------------------~---_ .._.



, '

,,

L-Jrr-2/NAME Date: J9/J0/2022
,

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
I

I L-IIT-2 B. Sc. Engineering Examinations 2020-2021

Sub: MATH 183 (Coordinate Geometry and Ordinary Differential Equation)
,

Full Marks: 210 Time: 3 Hours

The figures in the margin indicate full marks

Symbols used have their usual meaning

USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -'A

Then; are FOUR questions in this section. Answer any THREE questions.

,
I .

1. (a) Transform the equation 9x' + 15xy+ y' + 12x -Ily -IS = 0 to one in which there is

2.

3.

4,

,
no term involving x, y, and xy, both set ofaxes being rectangular.

i
(b) Show that the equation b x' - 2hxy + ay' = 0 represents a pair of straight lines

I .

which are at right angles to the pair given by the equation a x' - 2hxy + by' = O.
i
i
I

(a) Find: the equation of the circle which cuts orthogonally the three circles

x'+y' ;;'16, x'+y'-14x+20=0,and x'+y'-12y+32=0.
I .

(b) Find i the coordinates of the . limiting points of the system of coaxial circles

determined by the circles x' + y' + 2x-4y-3 = 0 and' x' + y' - 4x + 2y + 5 = O.
I

I,
(a) Show that the locus of the middle points of the normal chords of the parabola

y' = 4a; is 2ay'(x-2a)= y' +8a'.
I

(b) Find' the locus of the middle point of the chords of constant length 2d of the
I

rectanguiar hyperbola xy = c' .'
i

I
(a) If the polar of a point (a, ~) with respect to the parabola y' = 4ax touches the

i
circle x; + y' = 4a' . Prove that the locus of the point (a,~) is the rectangular

hyperbola x' - y' = 4a' .

(b) Find 'the pair of the conjugate semi-diameters inclined at an angle tan-I 7 for the

ellipse 8x' + 12y' = 96,

Contd PI2
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SECTION-B

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

5. (a) Find the differential equation of the family of curves, y= Ae3x + Be-3X, where A

and B are arbitrary constants.

(b) Find an equation of the curve that has slope

(xi ~ x2)dx + (3x2i + x2y - 2x3+ i )dy = 0 and passes through the point (0, 0).

(c) Solve the differential equation using appropriate technique:

&2 + xy')dx + (5y2 - xy + y'sin y)dy = O.

(7)
(14)

(14)

(a) Solve:

6.

7.

8.

(a) Solve the differential equation using suitable method:

: -2=~y-2x+3

(b) Solve the differential equation using proper method:

3(1+ t2)dy = 2yt(y' -I).
dt

(c) A small metal bar, whose initial temperature was 20°C, is dropped into a large

container of boiling water. How long will it take the bar to reach 90°C if it is known

that its temperature increases 2° in I second? How long will it take the bar to reach

98°C?

2d'y _7d'y +12d3y +8d2y =0.
dx' dx' dx3 dx2

(b) Solve the following differential equation:

d
2

;, _ y = cosh x sin x by using appropriate technique.
dx

(c) Solve the differentia! equation 4 d
2
;, +36y=cosec3x by the method of variation

dx

of parameters.

(a) Solve the homogeneous equation:

d'y d3yx-+6-=0
. dx' dx3

(b) Deduce the Cauchy-Euler differential equation

d2y dy Ix-+--- y=/nx
dx2 dx x

to constant coefficients and hence solve it by any suitable method.

(c) Solve: d
2
y + dy +(dy)3 = O.

dx2 dx dx

(11)

(12)

(12)

(11)

(12)

(12)

(11)

(12)

(12)
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USE SEPARATE SCRIPTS FOR EACH SECTION

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

I. (a) How do you distinguish among free oscillations, damped oscillations and forced

oscillations? (7)
(b) Write down the differential equation of a damped oscillator. Solve it to obtain an

expression for the displacement in the case of damped oscillatory motion. Discuss the

effect of damping on the natural frequency of an oscillator. (20)

(c) An oscillator of 100 g mass is performing damped harmonic oscillations. Its

amplitude becomes half of its initial amplitude after 100 oscillations. If its period is 2 s,

find the damping constant. (8)

2. (a) What are Lissajous' figures? On what factors do they depend? Explain how these

figures are useful practically. (7)

(b) Derive a general expression for the resultant vibration of a particle simultaneously

acted upon by two initially perpendicular simple harmonic vibrations having same period

but different phase and amplitude. Find out the condition for circle and straight line. (20)

(c) An ideal spring has a force constant k, and a mass m is suspended from it. The spring

is cut in half and the same mass is suspended from one of the halves. Is the frequency of

vibration the same before and after the spring is cut? How are the frequencies related? (8)

3. (a) Distinguish between particle velocity and wave velocity, and obtain the relation

between the two. (7)

(b) What are assumptions of Sabine? Deduce expressions for the growth and decay of

intensities of sound in a room.

(c) A hall of floor is 15 x 30 m2 along with height 6 m, in which 500 people sit on

wooden chair. Optimum reverberation time for fully occupied hall is 1.36 s and

absorption per person is 0.44 and per seat is 0.02. Calculate the absorption to be provided

by the walls, floor and ceiling when hall is fully occupied. (8)

4. (a) Distinguish among Maxwell-Boltzmann, Fermi-Dirac and Bose-Einstein distribution

laws. (6)

(b) Derive the Maxwell-Boltzmann distribution law ofa system of particles. (22)

(c) In a system in thermal equilibrium at absolute temperature T, two states with energy

difference 4.83 x 10-21 J occur with relative probability i.Deduce the temperature. (7)

Contd P/2
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SECTION-B

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

5. (a) Distinguish between fermion and boson.

(b) Derive the Maxwell-Boltzmann distribution equation in the following form:

n(E)dE = 2rtN ,fEe-E/kT dE
(rtkT)3/2

(7)

(20)

where, the symbols indicate their usual meaning.

(c) Using equation (b), calculate the expression for average energy of a system of particles. (8)

6. (a) What are eigenfunction and eigenvalue? (7)
(b) Calculate the wave function and energy eigen value of a particle trapped in a one-

dimensional box of length, L. The potential is given by (20)
Vex) = 0 05, x 5,L

= oc x<O,x> L

Discuss the physical significance of the probability for finding the particle at different

energy states.

(c) Find the probability that a particle trapped in a box of length L can be found between

O.4L and 0.5L for the first excited state. (8)

7. (a) Show that the deviation produced by a thin lens is independent of the position of the

~~. m
(b) Find the equivalent focal length of a combination of two thin co-axial lenses d cm

apart. Hence show a = dl and ~ =- dl where symbols have their usual meaning. (20)
h II

(c) Two thin converging lenses of focal lengths 30 cm and 40 cm are placed coaxially

20 cm apart. An object is located at a distance 48 cm from the first lens. Find positions of

(i) the principal points (ii) the focal points and (iii) the image. (8)

8. (a) What is spherical aberration? Describe how a combination of plano-convex lenses can

be used to minimize spherical aberration. (7)

(b) Deduce the condition of achromatism for two thin lenses separated by a distance d. (20)
(c) Two thin lenses of focal lengths Ji andh separated by a distance d have an equivalent

focal length 50 cm. The combination satisfies the conditions for no chromatic aberration

and minimum spherical aberration. Find values of Ji and hand d. Assume that both

lenses are of the same material. (8)
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