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3 . The question paper iconsists of six questions.
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Q-1 Consider the multiple regression model:

Yi --Po.+ P|X|i +  P2X2i+  P3X3i + ui

where. the  CLRM  assumptions  MLR.1  through MLR.4  hold  (1inearity,  random  sampling,  no

perfect collinearity, and zero conditional mean). Suppose the data are given as:

Y = (5,7,9,6,8), Xi = (1,0,2,1,3), X2 = (2,1,0,3,2), X3 = (4,5,3,2,1)

a) Write the regression model in matrix notation, clearly defining all matrices.

b) Using matrix algebra, calculate the OLS estimator A = rx'XJ-'.X'y.

c)  Suppose we are interested in the linear combination C) = 4j + ¢2 :
I

(i) Show that  ©= ¢/ +42  is an unbiased estimator of ©.

(ii) Derive Var(a) in terms of var(4j), Var@2), and Covoj/, 42).

d)ComputetheTotalsumofsquares(TSS),Explainedsumofsquaies(ESS),andResidualsum
of squares (RSS) using matrix notation.



e) Find the coefficient of determination R2 and interpret it.

Q-2

5*2-10

a) Suppose a linear probability model (LPM) yields a predicted value of Y that is equal to -0.4.
Explain why this is problematic.

b) Why are the coefficients of probit and logit models estimated using the method of maximum
likelihood (MLE), rather than using the instrumental variables (IV) method?

c)  Your friend  is  analyzing  survey  data on individuals'  exercise habits to  study what predicts
regular physical activity in your city. She asks if she should use a logit, probit, or linear probability
model. What are the advantages and disadvantages of each model in this context? Which would

you recommend, and why?

d) Now suppose the dependent variable Yi represents the number of hours per week an individual
exercises,  but  many individuals  report zero  hours.  Explain why a Tobit  model  may be  more

appropriate in this case. Discuss how the Tobit model differs from the logit and probit models in
both puxpose and interpretation.

e) You are analyzing household spending on luxury goods, where some households report zero
expenditure because they choose not to buy such goods. Describe how you could use a two-part
model that combines a logit/probit model with an OLS or Tobit model to analyze this data. What
does each stage of the model capture?                                                                                    5*4 =20

Q-3 Suppose the market for milk can be described by the following system:

Qs = ai + Pip + yizs + ui

Qd--a2+P2P+Y2Zd+u2

where gs and gd are quantity supplied and demanded, P  is price,  and Zs and Zd are exogenous
supply and demand shifters re`spectively. In equilibrium, Qs = Qd = Q.

a)  Define what is meant by a structural equation and a reduced form equation in this context..

b)  Explain why OLS estimation of the supply curve generally produces biased estimates of P I.

c)  Under what condition is the demand equation identified? What role does the variable Z's play
in this identification?                                                                 `

d) Describe how the two-stage least squares (2SLS) method would be used to estiinate the demand
equation in this system.

4*5-20

Q-4 Consider a school-level analysis examining the impact of health insurance coverage on
healthcare utilization among high school students, modelled ,as follows:



Hs= Po + Pilc + P2 Fp + P3Av + P,turban + ui
where:
fJs= percentage of students who visited a hospital in the past year,
Jc= percentage of students with health insurance coverage,
Fp= percentage of female students in the school population.
j4v = average family income at the school,
urban = dummy variable indicating whether a school is in an urban area.

Equation  (1)

The model is estimated at the school level.

a) Interpreting the preceding Equation 1  in a causal, ceteris paribus fashion, what is the
expected sign of Pi? Explain the intuition behind this expected sign in the context of
healthcare access and insurance coverage.

b) Why might fJs and Jc be jointly determined? Describe the potential feedback mechanisms that
could create reverse causality between these two variables. In particular, discuss how healthcare
utilization could influence the decision or likelihood of insurance enrolment, rather than operating
only in the forward causal direction.

c) Suppose the true relationship determining insurance coverage is:

Ic=  yo + yiHs + otherf actors,                                                                       EquahorL (2)

and assume yi > 0, meaning that higher hospital utilization rates increase the likelihood
of insurance enrolment. What is the likely bias in estimating 4j by OLS?

d)  Suppose  there  exists  a  binary  variable,  Gp,  which  equals  1   if a  school  participates  in  a
government or private health insurance assistance program, and 0 otherwise. Explain how Gp can
be used as an instrumental variable (IV) to estimate 4j (and the other parameters) in the Equation
(1). What conditions must Gp satisfy to serve as a valid instrument in this context?  Specifically,
discuss  its relevance  and exogeneity with respect to both the hospital visits  and insurance rate
equations.

4*5-20

Q-5

(a) Explain the consistency and efficiency properties of the Fixed Effects (FE) estimator in panel
data models. Under what conditions is the FE estimator unbiased and consistent?

(b) What is the "within transformation" used in the Fixed Effects model? Explain how it helps in
eliminating unobserved individual-specific effects.

(c) What is a "balanced panel" vs. an `funbalanced panel"? How does it affect estimation?

(d) What are the limitations of using panel data models with shoit time periods (small T,large
N)?                                                                                                                                                 4*5-20



Q-6 Consider the following infinite distributed lag model:

Yt --a + f toxt + Pixt-1 + Bf f i-2 + P3Xt-3 +  ... + ut

a) Show how the Koyck transformation can be used to transform the distributed lag model

given above into an estimable form of an AR model.

b) What restrictions does Koyck impose on the ^, where ^ is the rate of decline of the

distributed lag : Pk = Po^k,               k=0,1, 2, 3...

c) Write the three features of the Koyck scheme.

d)ProvethatfortheKoyckmodel,themeanlagis± 4*5-20





LOGARITHMS

0123456789 123456789

10 0000       0043       0086       0128       0170 4        9        13       17      21      26      30      34      38

0212       0253       0294       0334       0374 4        8        12       16      20      24      28      32      37

11 0414       0453       0492       0531       0569 4         8        12       15      19      23      27      31      35

0607       0645       0682       0719       0755i 4        7        11       15      19      22      26      30      ,33

12 0792       0828       0864       0899       0934       0969 3         7        11       14      18      21      25      28      32

1004       1038       1072       1106 3         7        10       14      17      20      24     27      31

13 1139        1173        1206        1239        1271 3         7        10       13      16      20      23      26      30

1303        1335        1367        1399        1430 3         7        10       12      16      19      22      25      29

14 1461        1492        1523        1553 3         6         9        12      15       18      21      24      28

1584        1614       1644       1673        1703        1732 3         6         9        12      15       17      20      23       26

15 1761        1790        1818        1847        1875        1903 3         6         9        11      14      17      20      23      26

1931       1959        1987       2014 3         5         8        11      14       16      19      22       25

16 2041        2068       2095        2122        2148 3         5         8        11      14      16      19      22      24

2175        2201        2227       2253        2279 3         5         8        10      13       15      18      21       23

17 2304        2330       2355       2380       2405        2430 3         5         8        10      13       15       18      20       23

2455       2480       2504       2529 2         5         7        10       12       15       17      19       22

18 2553        2577       2601       2625       2648 2         -5          7          9        12       14       16      19       21

2672       2695       2718       2742       2765 2         5         7         9        11       14      16      18      21

19 2788       2810       2833        2856       2878 2         4         7         9        11       13      16      18      20

2900       2923       2945       2967       2989 2         4         6         8        11       13       15      17       19

20 3010       3032       3054       3075        3096        3118       3139       3160       3181       3201 2         4         6         8        11       13      15      17       19

21 3222       3243       3263       3284       3304       3324       3345       3365       3385       3404 2        4         6         8       10      12      14      16      18

22 3424       3444       3464       3483        3502        3522       3541       3560       3579       i3598 2        4         6         8        10       12      14      15       17

23 3617        3636       3655       3674       3692        3711       3729       3747       3766       3784 2         4         6         7         9        11       13      15       17

24 3802       3820       3838       3856       3874       3892       3909       3927       3945       3962 2        i4         5          7         9        11       12      14       16

25 3979       3997       4014       4031       4048       4065       4082       4099       4116       4133 2         3         5         7         9        10       12      14       15

26 4150       4166       4183       4200       4216       4232       4249       4265       4281       4298 2         3         5         7         8        10      11      13       1S

27 4314       4330       4346       4362       4378       4393       4409       4425       4440       4456 2         3         5          6         8         9        11      13       14

28 4472       4487       4502       4518       4533       4548       4564       4579       4594       4609 2         3         5         6         8         9        11      12       14

29 4624       4639       4654       4669       4683       4698       4713       4728       4742       4757 1         3         4         6         7         9        10      12       13

30 4771       4786       4800       4814       4829       4843       4857       4871       4886       4900 1         3         4         6         7         9        10      11       13

31 4914       4928       4942       4955       4969       4983       4997       5011       5024       5038 1         3         4         6         7         8        10      11       12

32 5051        5065        5079        5092        5105        5119       5132       5145       5159       5172 1         3         4         5         7         8         9       11       12

33 5185        5198       5211       5224       5237        5250       5263       5276       5289       5302 1         3         4         5         6         8         9       10       12

34 5315        5328       5340       5353        5366       5378       5391       5403       5416       5428 1         3         4         5         6         8         9       10       11

35 5441       5453       5465       5478       5490       5502       5514       5527       5539       5551 1        2         4         5         6         7        9       10      11

36 5563        5575        5587       5599        5611       5623       5635       5647       5658       5670 1         2         4         5         6         7         8       10       11

37 5682       5694       5705        5717        5729        5740       5752       5763       5775.       5786 1         2         3         5         6         7         8        9        10

38 5798       5809       5821       5832        5843        5855       5866       5877       5888       5899 1         2         3         5         6         7         8        9        10

39 5911       5922       5933        5944       5955        5966       5977       5988       5999       6010 1        2         3         4        5         7        8        9        10

40 6021        6031       6042       6053        6064        6075       6085       6096       6107       6117 1         2         3         4        5         6         8        9        10

41 6128        6138        6149        6160        6170        6180        6191       6201       6212        6222 123456789

42 6232        6243        6253        6263        6274        6284       6294       6304       6314       6325 123456789

43 6335        6345        6355        6365        6375        6385        6395        64C)5        6415        6425 123456789

44 6435       6444       6454       6464       6474       6484       6493       6503       6513       6522 123456789

45 6532        6542        6551        6561        6571        6580       6590       6599        6609        6618 123456789

46 6628        663.7       6646        6656        6665        6675        6684       6693        6702        6712 123456778

47 6721       6730       6739       6749       6758       6767       6776       6785       6794       6803 123455678

48 6812        6821       6830        6839        6848        6857       6866       6875       6884       6893 123445678

49 69o2        6911        6920        6928        6937        6946        6955        6964       6972        698.1 123445678
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LOGARITHMS

Ille  P?

0123456789 123456789

50 6990       6998       7007       7016       7024       7033       7042       7050       7059       7067 123345678

51 7076       7084       7093       7101       7110       7118       7126       7135       7143       7152 1         2         3'         3         4         5         6        7         8

52 7160       7168       7177       7185        7193        7202       7210       7218       7226       7235 122345677

53 7243       7251       7259       7267       7275       7284       7292       7300       7308       7316 1         2         2         3         4         5i        6        6         7

54 7324       7332       7340       7348       7356       7364       7372       7380       7388       7396 122345667

55,7404       7412       7419       7427       7435       7443       7451       7459       7466       7474 122345567

56 7482       7490       7497       7505       7513       7520       7528       7536       7543       7551 1         2         2.      3         4         5         5        6         7

57 7559        7566       7574       7582        7589        7597       7604       7612       7619       7627 122345567

58 7634       7642       7649       7657       7664       7672       7679       7686       7694       7701 1         1         2         3         4         4        5        6'        7

59 77or3      77Tf,      772:3      773;1      773R,      77as      775;2      77so      77E;]       7774 1         1        ,2         3         4        4        5        6         7

60 7782       7789       7796       7803       7810       7818       7825       7832       7839       7846 112344566

61 7853        7860       7868       7875        7882       7889       7896       7903       7910       7917 1         1         2         3         4         4        5        6,        6

62 7924       7931       7938       7945        7952       7959       7966       7973       7980       7987 112334566

63 7993       8000       8007       8014       8021       8028       8035       8041       8048       8055 112334556

64 8062        8069       8075       8082        8089       8096       8102       8109       8116       8122 112334556

65 8129        8136        8142       8149        8156        8162'       8169        8176       8182       8189 1         1         2         3         3         4        5        ,5         6

66 8195        8202       8209       8215        8222       8228       8235       8241       8248       8254 1         1         2         3         3         4        '5        5         6

67 8261        8267       8274       8280        8287       8293       8299       8306       8312       8319 112334556

68 8325        8331       8338       8344       8351       8357       8363       8370       8376i       8382 112334456

69 8388       8395       8401       8407       8414       8420       8426       8432       8439       8445 112234456

70 8451       8457       8463       8470       8476       8482'       8488       8494       8500       8506 112234456

71 8513        8519       8525       8531        8537       8543       8549       8555       8561       8567 112234455

72 8573        8579       8585       8591        8597       8603       8609       8615       8621       8627 112234455

73 8633        8639        8645        8651        8657        8663        8669        8675       8681       8686 112234455

74 8692        8698       8704       8710        8716       8722       8727       8733       8739       8745 112234455

75 8751        8756       8762       8768        8774       8779       8785       87918797       8802i .1         1         2          2         3         3         4        5         5

76 8808       8814       8820       8825        8831       8837      `8842       8848       8854       8859 112233455

77 8865        8871       8876       8882        8887       8893       8899       8904       8910       8915 112233445

78 8921       8927       8932       8938,       8943       8949       8954       8960       8965       8971 112233445

79 8976       8982       8987       8993        8998       9004       9009       9015       9020       9025 112233445

80 9031       9036       9042       9047       9053       9058       9063       9069       9074       9079 112233445

81 9085        9090       9096       9101        9106        9112        9117       9122       9128       9133 112233445

82 9138        9143        9149        9154        9159        9165        9170       9175        9180       9186 112233445

83 9191       9196       9201       9206        9212       ,9217       9222       9227       9232       9238
'1         1         2         2         3         3         4        4         5

84 9243       9248       9253       9258       9263       9269       9274       9279       9284       9289 1        1         2         2        3         3        4       4        5

85 9294       9299       9304       9309        9315        9320       9325       9330       9335       9340 .1         1         2         2         3         3         4        4         5

86 9345        9350       9355        9360        9365        9370        9375        9380       9385       9390 112233445

87 9395       9400       9405       9410       9415       9420       '9425       9430       9435       9440 011223344

88 9445       9450       9455       9460       9465       '9469       9474       9479       9484       9489
`0         1          1          2         2         3,         3        4         4

89 9494       9499       9504       9509        9513        9518       9523       9528       9533       9538 011223344

90 9542       9547       9552       9557       9562        9566       9571       9576       9581       9586 011223344

91 9590       9595       9600       9605        9609        9614       9619       \9624       9628       9633 0         1         1         2         2        .3         3        4         4

92 9638        9643        9647        9652        9657       .9661        9666       19671       -9675        9680
io         1         1         2         2         3         3        4         4

93 9685        9689       9694       9699        9703        9708       9713       9717       9722       I,9727 011223344

94 9731       9736       9741       9745       9750       9754       9759       9763       9768       9773 011223344

95 9777       9782       9786       9791        9795        9800       980S       9809       9814       9818 011223344

96 9823      .9827       9832       9836        9841       9845       9850       9854       9859       9863 011223344

97 9868       9872       9877       9881       9886       9890       9894       9899       9903       9908 011223344

98 9912       9917       9921       9926       ,9930       9934       9939       9943       9948       9952 011223344

99 9956        9961        9965       9969        9974       9978        9983        9987       9991       9996 011223334
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ANTILOGARITHMS

0 1 2 3 4 5 6 7 8 9 123 456 789
00 1000 1002 loos 1007 1009 1012 1014 1016 1019 1021 001 111 2,22

.01 1023 1026 1028 1030 1033 1035 1038 1040 1042 1045 001 111 2'22

.02 1047 1050 1052 1054 1057 1059 1062 1064 1067 1069 001 111 222

.03 1072 1074 1076 1079 1081 1084 1086 1089 1091 1094 001 111 222

.04 1096 1099 1102 1104 1107 1109 1112 1114 1117 1119 011 112 222

.05 1122 1125 1127 1130 1132 1135 1138 1140 1143 1146 011 112 222

.06 1148 1151 1153 1156 1159 1161 1164 1167 1169 1172 011 112 222

.07 1175 1178 1180 1183 1186 1189 1191 1194 1197 1199 011 112 222

.08 1202 1205 1208 1211 1213 1216 1219 1222 1225 1227 011 112 223

.09 1230 1233 1236 1239 1242 1245 1247 1250 1253 1256 011 112 223

.10 1259 1262 1265 1268 1271 1274 1276 1279 1282   I 1285 011 112 223

.11 1288 1291 1294 1297 1300 1303J 1306 1309 1312 1315 011 122 223

.12 1318 1321 1324 1327 1330 1334 1337 1340 1343 1346 011 122 223

.13 1349 1352 1355 1358 1361 1365 1368 1371 1374 1377 011 122 233

.14 1380 1384 1387 1390 1393 1396 1400 1403 1406 1409 011 122 233

.15 1413 1416 1419 1422 1426 1429 1432 1435 1439 1442 011 122 233

.16 1445 1449 1452 1455 1459 •   1462 1466 1469 1472 1476 011 122 233

.17 1479 1483 1486 1489 1493 1496 1500 1503 1507 '1510 011 122' 233

.18 1514 1517 1521 1524 1528 1531 1535 1538 1542 1545 011 122 233

.19 1549 1552 1556 1560 1563 1567 1570 1574 1578 1581 011 122 333

.20 1585 1589 1592 1596 1600 1603 1607 1611 1614 1618 011 122 333

.21 1622 1626 1629 1633 1637 1641 1644 1648 1652 1656 011 222 333

.22 1660 1663 1667 1671  . 1675 1679 1683 1687 1690 1694 011 222 333

.23 1698 1702 1706 1710 1714 1718 1722 1726 1730 1734 011 222 334

.24 1738 1742 1746 1750 1754 1758 1762 1766 1770 1774 011 222 334

.25 1778 1782 1786 1791 1795 1799 1803 1807 1811 1816 011 222 334

.26 1820 1824 1828 1832 1837 1841 1845 1849 1854 1858 011 223 334

.27 1862` 1866 1871 1875 1879 1884 1888 1892 1897 1901 011 223 334

.28 1905 1910 1914 1919 1923 1928 1932 1936 1941 1945 011 223 344

.29 1950 1954 1959 1963 1968 1972 1977 1982 1986 1991 011 223 344

.30 1995 2000 2004 2009 2014 2018 2023 2028 2032 2037 0,11 223 344

.31 2042 2046 2051 2056 2061 2065 2070
`   2075

2080 2084 011 223 344
.32 2089 2094 2099 2104 2109 2113 2118 2123 2128 2133 011 223 344
.33 2138 2143 2148 2153 2158 2163 2168 2173 2178 2183 011 223 344
.34 2188 2193 2198 2203 2208 2213 2218 2223 2228 2234 112 233 445

.35 2239 2244 2249 2254 2259 2265 2270. 2275 2280 2286 112 233 445

.36' 2291 2296 2301 2307 2312 2317 2323 2328 2333 2339 112 233 445

.37 2344 2350 2355 2360 2366 2371 2377 2382 2388 2393 112 233 445

.38 2399 2404 2410 2415 2421 2427 2432 2438 2443 2449 112 233 445

.39 2455 2460 2466 2472 2477 2483 2489 2495 2500 2506 112 233 455

.40 2512 2518 2523 2529 2535 2541 2547 2553 2559 2564 112 234 455

.41 2570   I 2576 2582 2588 2594 2600 2606 2612 2618 2624 112 234 455

.42 2630 2636 2642 2649 2655 2661 2667 2673 2679 2685 112 234 456

.43 2692 2698 2704 2710 2716 2723 2729 2735 2742 2748 112 334 456

.44 2754 2761 2767 2773 2780 2786 2793 2799 2805 2812 112 334 456

.45 2818 2825 2831 2838 2844 2851 2858 2864 2871 2877 112 334 556

.46 2884 2891 2897 2904 2911 2917 2924 2931 2938 2944 112 334 556

.47 2951 2958 2965 2972 2979 2985 2992 2999 3006 3013 112 334 556

.48 3020 3027 3034 3041 3048 3055 3062 3069 3076 3083 112 344 566

.49 3090 3097 3105 3112 3119 3126 3133 3141 3148 3155 112 344 566
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ANTILOGARITHMS

0 1 2 3 4 5 6 7 8 9 123 456 789

.50 3162 3170 3177 3184 3192 3199 3206 3214 3221 3228 112 344 567

.51 3236 3243 3251 3258 3266 3273 3281 3289 3296 3304 122 345 567

.52 3311 3319 3327 3334 3342 3350 3357 3365 3373 3381 122 345 567

.53 3388 3396 3404 3412 3420 3428 3436 3443 3451 3459 122 345 667

.54 3467 3475 3483 3491 3499 3508 3516 3524 3532 3540 122 •345 667

.55 3548 3556 3565 3573 3581 3589 3597 3606 3614 3622 122 345 677

.56 3631 3639 3648 3656 3664 3673 3681 3690 3698 3707 123 345 678

.57 3715 3724 3733 3741 3750 3758 3767 3776 3784 3793 123 345 678

.58 3802 3811 3819 3828
`3837 3846 3855 3864 3873 3882 123 445 678

.59 3890 3899 3908 3917 3926 3936 3945 3954 3963 3972 123 455 678

.60 3981 3990 3999 4009 4018 4027 4036 4046 4055 4064 123 456 678

.61 4074 4083 4093 4102 4111 4121 4130 4140 4150 4159 123 456 789

.62 4169 4178 4188 4198 4207 4217 4227 4236 4246 4256 123 456 789

.63 4266 4276 4285 4295 4305 4315 4325 4335 4345 4355 123 456 789

.64 4365 4375 4385 4395 4406 4416 4426   I 4436 4446 4457 123 456 789

.65 4467 4477 4487 4498 4508 4519, 4529 4539 4550 4560 123 456 789

.66 4571 4581 4592 4603 4613 4624 4634 4645 4656 4667 123 456 7910

67 4677 4688' 4699 4710 4721 4732 4742 4753 4764 4775 123 457 8910

.68 4786 4797 4808 4819 4831 4842 4853 4864 4875 4887 123 467 8910

.69 4898 4909 4920 4932 4943 4955 4966 4977 4989 5000 123 567 8910

.70 5012 5023 5035 5047 5058 5070 5082 5093 5105 5117 124 5,67 8911

.71 5129 5140 5152 5164 5176 5188 5200 5212 5224 5236 124 567 8       10       11

.72 5248 5260 5272 5284 5297 5309 5321 5333
'5346

5358 124 567 9       10       11

.73 5370 5383 5395 5408 5420 5433 5445 5458 5470 5483 134 568 9       10      11

.74 5495 5508 5521 5534 5546 5559 5572 5585 5598 5610 134 568 9       10       12

.75` 5623 5636 5649 5662 5675  , •5689 5702 5715 5728 5741 134 578 9        10       12

.76 5754 5768 5781 5794 5808 5821 5834 5848 5861 5875 134 578 9       11       12

.77 5888 5902 5916 5929 5943 '5957 5970 5984 5998 6012 134 578 10      11       12

.78 6026 6039 6053 6067 6081 6095 6109 6124  , 6138 6152 134 678 10      11       13

.79 6166 6180 6194 6209 6223 6237 6252 6266 6281 6295 134 679 10      11       13

.80 6310 6324 6339 6353 6368 6383 6397 6412 6427 6442 134 679 10      12       13

.81 6457 6471 6486 6501 6516 6531 6546 6561 6577 6592 235 689 11      12       14

.82 6607 6622 6637 6653 6668 6683 6699 6714 6730 6745 235 689 11      12       14

.83 6761 6776 6792 6808 6823 6839 6855 6871   I 6887 6902 235 689 11      13       14

.84 6918 6934 6950 6966 69'82 6998 7015 7031 7047 7063 235 6810 11      13       15

.85 7079 7096 7112 7129 7145 7161 7178 7194 7211 7228 235 7810 12      13       15

.86 7244 7261 7278 7295 7311 7328 7345 7362 7379 7396 235 7810 12      13       15

.87 7413 7430 7447 7464 7482 7499 7516 7534 7551 7568 2'35 7910 12      14      16

.88 7586 7603 7621 7638 7656 7674 7691 7709 7727 7745 245 7911 12      14      16

.89 7762 7780 7798 7816 7834 7852 7870 7889 7907 7925 245 7911 13      14       16

.90 7943 7962 7980 7998 8017 8035 8054 8072 8091 8110 246 7        ,9        11 13      15       17

.91 8128 8147 8166 8185 8204 8222 8241 8260 8279 8299 246 8911 13      15       17

.92 8318 8337 8356 8375 8395 8414 8433 8453 8472 8492 246 8       10      12 14       15H      17

.93 8511 8531 8551 8570 8590 8610 8630 8650 8670 8690 246 8        10       12 14      16       18

.94 8710 8730, 8750 8770 8790 8810 8831 8851 8872 8892 246 8        10      12 14      16       18

.95 8913 8933 8954 8974 8995 9016 9036 9057 9078 9099 246 8        10       12 15      17       19

.96 9120 9141 9162 9183 9204 9226 9247 9268 9290 9311 246 8        11      13, 15      17       19

.97 9333 9354 9376 9397 9419 9441 9462 9484 9506 9528 247 9        11       13 15      17      20

.98 9550 9572 9594 9616 9638 9661 9683 9705 9727 9750 247 9        11       13 16      18      20

.99 9772 9795 9817 9840 9863 9886 9908 9931 9954 9977 257 9        11       14 16      18      20
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CUMULATIVE PRESENT VALUE

This table shows the annuity factor for an amount at the end of each year for n  years at r%.

Interest rates (r}

1%                 2%                 3%                 4%                 5%                 6%                 7%                 8%                 9%                10%

0.990             0.980

1.970,            1.942

2.941            2.884

3.902             3.808

4.853             4.713

5.795             5.601

6.728             6.472

7.652             7.325

8.566             8.162

9.471             8.983

10.368            9.787

11.255          10.575

12.134          11.348

13.004          12.106

13.865          12.849

14.718          13.578

15.562          14.292

16'.398          14.992

17.226          15.679

18.046          16.351

0.971            0.962

1.913             1.886

2;829            2.775

3.717            3.630

4.580            4.452

0.952            0.943             0.935             0.926            0.917            0.909

1,859             1.833             1.808             1.783             1.759             1.736

2.723             2.673             2.624             2.577             2.531             2.487

3.546             3.465             3.387             3.312

4.329            4.212             4.100            3.993

3.240            3.170

3.890             3.791

9.253             8.760

9.954            9.385

10.635             9.986

11.296          10.563

11.938          11.118

12.561          11.652

13.166          12.166

13.754          12.659

14.324          13.134

14.878          13.590

8.306

8.863

9.394

9.899

10.380

10.838          10.106            9.447

11.274          10.477            9.763

11.690          10.828          10.059

12.085          11.158          10.336

12.462          11.470          10.594

Interest rates (r)

11%               12%               13%               14%               15%               16%               17%               18%               19%               20%

0.901             0.893

1.713             1.690

2.444            2.402

3.102             3.037

3.696             3.605

0.885         '   0.877

1.668             1.647

2.361             2.322

2.974            2.914

3.517             3.433

0.870            0.862            0.855            0.847            0.840            0.833

1.626             1.605             1.585             1.566

2.283             2.246            2.210            2.174

2.855             2.798             2.743             2.690

3.352             3.274             3.199             3.127

1.547             1.528

2.140            2.106

2.639             2.589

3.058             2.991

16

17

18

19

20

7.379

7.549

7.702

7.839

7.963

4.836

4.988

5.118

5.229

5.324

3.326

3.605

3.837

4.031

4.192

5.162

5.222
'5.273

5.316

5.353



FUTURE VALUE TABLE

Future value of Re.1  i.e.   (1 + r)n  where r = interest rate; n = number of periods until payment or receipt.

Interest rates (r)

1%                        2%                         3%                        4%                        5%                        6%                        7%                        8%

1.01000               1.02000               1.03000

1.02010               1.04040               1.06090

1.03030                1.06121               '1.09273

1.04060               1.08243               1.12551

1.05101               1.10408               1.15927

1.06152               1.12616                1.19405

1.07214               1.14869               1.22987

1.08286               1.17166               1.26677

1.09369               1.19509               1.30477

1.10462               1.21899                1.34392

1.11567               1.24337               1.38423

1.12683               1.26824               1.42576

1.13809                1.29361                1.46853

1.14947               1.31948               1.51259

1.16097               1.34587               1.55797

1.17258               1.37279               1.60471

1.18430               1.40024               1.65285

1.19615               1.42825               1.70243

1.20811               1.45681               1.75351

1.22019               1.48595-              1.80611

1.23239               1.51567               1.86029

1.24472               1.54598               1.9il610

1.25716               1.57690               1.97359

1.26973               1.60844               2.03279

1.28243               1.64061               2.09378

1.29526               1.67342               2.15659

1.30821               1.70689                2.22129

1.32129               1.74102               2.28793

1.3345`0               1.77584               2.35657

1.34785               1.81136               2.42726

1.36133               1.84759               2.50008

1.37494               1.88454               2.57508

1.38869               1.92223               2.65234

1.40258,               1.96068               2.73191

1.41660               1.99989               2.81386

1.430`77               2.03989               2.89828

1.44508               2.08069               2.98523

1.45953               2.12230               3.07478

1.47412,              2.16474              3.16703

1.48886               2.20804               i3.26204

1.04000               1.05000               1.06000

1.08160               1.10250               1.12360

1.12486                1..15763                1.19102

1.16986               1.21551               1.26248

1.21665               1.27628                1.33823

1.26532               1.34010               1.41852

1.31593               1.40710               1.50363

1.36857               1.47746               1.59385

1.42331               1.55133               1.68948

1.48024               1.62889               1.79085

1.53945               1.71034               1.89830

1.60103               1.79586               2.01220

1.66507               1.88565               2.13293

1.73168               1.97993               2.26090

1.80094               2.07893               2.39656

1.87298               2.18287               2.54035

1.94790               2.29202               2.69277

2.02582               2.40662               2.85434

2.10685               2.52695               3.02560

2.19112.               2.65330               3.'20714

2.27877               2.78596               3.39956

2.36992               2.92526               3.60354

2.46472               3.07152               3.81975

2.56330              ,3.22510               4.04893

2.66584               3.38635               4.29187

2.77247              3.55567              4.54938

2.88337               3.73346               4.82235

2.99870               3.92013               5.11169

3.11865               4.11614               5.41839

3.24340              4.32194              5.74349

3.37313               4.'53804               6.08810

3.50806              4.76494               6.45339

3.64838               `5.00319               6.84059

3.794`32               5.25335               7.25103

3.94609               5.51602               7.68609

4.10393               5.79182               8.14725

4.26809               6.08141               8.63609

4.43881               6.38548               9.15425

4.61637               6.70475               9.70351

4.80102               7.03999            10.28572

1.07000               1.08000

1.14490               1.16640

1.22504               1.25971

1.31080               1.36049

1.40255               1.46933

1.50073               1.58687

1.60578               1.71382

1.71819               1.85093

1.83846               1.99900

1.96715               2.15892

2.10485               2.33164

2.25219               2.51817

2.40985               2.71962

2.57853               2.93719

2.75903               3.17217

2.95216               3.42594

3.15882               3.70002

3.37993               3.99602

3.61653               4.31570

3.86968               4.66096

4.14056              5.03383

4.43040              5.43654

4.74053              5.87146

5.07237               6.34118

5.42743              6.84848

5.80735               7.39635

6.21387               7.98806

6.64884               8.62711

7.11426               9.31727

7.61226            10.06266

8.14511            10.86767

8'.71527             11.73708

9.32534            12.67605

9.97811             13.69013

10.67658            14.78534

11.42394             15.96817

12.22362            17.24563

13.07927             18.62528

13.99482            20.11530

14.97446            21.72452
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FUTURE VALUE OF RE.1 PER PERIOD PAYMENT

Future value of Re.1  i.e.   I(1 + r)n-||/r where r = interest rate; n = number of periods until payment or re.ceipt.

Interest rates (r)

1%                         2%                         3%                        4%                         5%                         6%                         7%                         8%

1.00000               1.00000

2.01000               2.02000

3.03010'              3.06040

4.06040               4.12161

5.10101               5.20404

6.15202               6.30812

7.21354               7.43428

8.28567               8.58297

9.36853               9.75463

10.46221            10.94972

11.56683             12.16872

12.68250             13.41209

13.80933             14.68033

14.94742            15.97394

16.09690             17.29342

17.25786             18.63929

18.43044            20.01207

19.61475             21.41231

20.81090            22.84056

22.01900            24.29737

23.23919             25.78332

24.47159            ,27.29898

25.71630            28.84496

26.97346            30.42186

28.24320            32.03030

29.52563             33.67091

30.82089            35.34432

32.12910             37.05121

33.45039             38.79223

34.78489            40.56808

36.13274            42.37944

37.49407            44.22703

38.86901            46.11157

40.25770            48.03380

41.66028            49.99448

43.07688            51.99437

44.50765            54.03425

45.95272            56.11494

47.41225            58.23724

48.88637            60.40198

1.00000               1.00000

2.03000               2.04000

3.09090               3.12160

4.18363               4.24646

5.30914               5.41632

6.46841               6.63298

7.66`246                7.89829

8.89234               9.21423

10.15911             10.58280

11.46388             12.00611

12.80780             13.48635

14.19203             15.02581

15.61779             16.62684

17.08632             18.29191

18.59891             20.02359

20.15688            21.82453

21.76159             23.69751

23.41444            25.64541

25.11687             27.67123

26.87037            29.77808

28.67649             31.96920

30.53678            34.24797

32.45288            36.61789

34.42647            39.08260

36.45926            41.64591

38.55304            44.31174

40.70963            47.08421

42.93092            49.96758

45.21885             52.96629

47.57542            56.08494

50.00268            59.32834

52.50276            62.70147

55.07784             66.20953

57.73018            69.85791

60.46208             73.65222

63.27594            77.59831

66.17422            81.70225

69.15945             85.97034

72.23423             90.40915

75.40126            95.02552

1.00000               1.00000               1.00000               1.00000

2.05000               2.06000               2.07000               2.08000

3.15250               3.18360               3.21490               3.24640

4.31013               4.37462               4.43994               4.50611

5.52563               5.63709               5.75074               5.86660

6.80191               6.97532               7.15329               7.33593

8.14201               8.39384               8.65402               8.92280

9.54911               9.89747             10.25980             10.63663

11.02656             11.49132             11.97799             12.48756

12.57789             13.18079             13.81645             14.48656

14.20679             14.97164            15.78360            16.64549

15.91713             16.86994             17.88845             18.97713

17.71298             18.88214            20.14064            21.49530

19.59863            21.01507            22.55049             24.21492

21.57856            23.27597            25.12902            27.15211

23.65749            25.67253             27.88805            30.32428

25.84037             28.21288             30.84022             33.75023

28.13238            30.90565             33.99903             37.45024

30.53900            33.75999            37.37896            41.44626

33.06595            36.78559            40.99549            45.76196

35.71925            39.99273            44.86518            50.42292

38.50521            43.39229            49.00574            55.45676

41.43048            46.99583            53.43614            60.89330

44.50200            50.81558            58.17667            66.76476

47.72710             54.8645`1             63.24904            73.10594

51.11345             59.15638             68.67647            79.95442

54.66913            63.70577            74.48382            87.35077

58.40258             68.52811            80.69769             95.33883

62.32271            73.63980            87.34653          103.96594

66.43885            79.05819            94.46079          113.28321

70.76079            84.80168          102.07304          123.34587

75.29883             90.88978          110.21815          134.21354

80.06377            97.34316          118.93343          145.95062

85.06696          104.18375          128.25876          158.62667

90.32031          111.43478          138.23688          172.31680

95.83632          119.12087          148.91346          187.10215

101.62814          127.26812          160.33740          203.07032

107.70955          135.90421          172.56102          220.31595

114.09502          145.05846          185.64029          238.94122

120.79977          154.76197          199.63511          259.05652



POISSON DISTRIBUTION

P(x) =
g-^^#

x!

For a given value of ^ an entry indicates the probability of a specific value of x.

A

1                   2                   3                  4                   5                  6                   7                   8                  9                  10

0.3679         0.1353

0.3679         0.2707

0.1839         0.2707

0.0613         0.1804

0.0153         0.0902

0.0031         0.0361

0.0005         0.0120

0.0001         0.0034

0.0000        0.0009

0.0498         0.0183

0`.1494         0.0733

0.2240         0.1465

0.2240         0.1954

0.1680         0.1954

0.1008         0.1563

0.0504        0.1042

0.0216         0.0595

0.0081         0.0298

0.0067         0.0025

0.0337         0.0149

0.0842        0.0446

0.1404        0.0892

0.1755         0.1339

0.1755         0.1606

0.1462         0.1606

0.1044        0.1377

0.0653         0.1033

0.0002         0.0027         0.0132         0.0363         0.0688

0.0000         0.0008         0.0053         0.0181         0.0413

0.0002         0.0019         0.0082         0.0225

0.0001         0.0006         0.0034         0.0113

0.0000         0.0002         0.0013         0.0052

0.0001         0.0005         0.0022

0.0000         0.0002        0.0009

0.0000        0.0003

0.0001

0.0000

0.0009         0.0003

0.0064         0.0027

0.0223         0.0107

0.0521         0.0286

0.0912         0.0573

0.1277         0.0916

0.1490         0.1221

0.1490         0.1396

0.1304         0.1396

0.1014         0.1241

0.0710         0.0993

0.0452         0.0722

0.0263         0.0481

0.0142         0.0296

0.0071         0.0169

0.0033         0.0090

0.0014         0.0045

0.0006         0.0021

0.0002         0.0009

0.0001         0.0004

.0.0000        0.0002

0.0001         0.0000

0.0011          0.0005

0.0050         0.0023

0.0150         0.0076

0.0337         0.0189

0.0607         0.0378

0.0911          0.0631

0.1171          0.0901

0.1318          0.1126

0.1318          0.1251

0.1186          0.1251

0.0970         0.1137

0.0728         0.0948

0.0504         0.0729

0.0324          0.0521

0.0194         0.0347

0.0109          0.0217

0.0058         0.0128

0.0029         0.0071

0.0014         0.0037

0.0006         0.0019

0.0001         0.0003         0.0009

0.0000        0.0001         0.0004

0.0000         0.0002

0.0`001

0.0000

v)



POISSON DISTRIBUTION

A

x                    11                 12                 13                 14                15                 16                  17                 18                 19                 20

0               0.0000         0.0000

1                0.0002         0.0001

2                0.0010         0.0004

3                0.0037        0.0018

4               0.0102        0.0053

5                0.0224        0.0127

6                0.0411        0.0255

7                0.0646        0.0437

8                0.0888         0.0655

9               0.1085         0.0874

10              0.1194        0.1048

11              0.1194        0.1144

12              0.1094        0.1144

13               0.0926         0.1056

14              0.0728        0.0905

15              0.0534        0.0724

16              0.0367         0.0543

17              0.0237         0.0383

18               0.0145         0.0255

19               0.0084         0.0161

20              0.0046        0.0097

21              0.0024        0.0055

22              0.0012        0.0030

23               0.0006         0.0016

24              0.0003         0.0008

25              0.0001         0.0004

0.0000         0.0000       0.0000

0.0000         0.0000       ,0.0000

0.0002         0.0001        0.0000

0.0008         0.0004       0.0002

0.0027         0.0013       0.0006

0.0070         0.0037        0.0019

0.0152         0.0087       0.0048

0.0281        0.0174       0.0104

0.0457        0.0304       0.0194

0.0661         0.0473       0.0324

0.0859         0.0663       0.0486

0.1015         0.0844       0.0663

0.1099         0.0984       0.0829

0.1099         0.1060        0.0956

0.1021         0.1060        0.1024

0.0885         0.0989       0.1024

0.0719         0.0866       0.0960

0.0550         0.0713       0.0847

0.0397         0.0554       0.0706

0.0272        0.0409       0.0557

0.0177         0.0286       0.0418

0.0109         0.0191        0.0299

0.0065         0.0121       0.0204

0.0037         0.0074       0.0133

0.0020         0.0043        0.0083

0.0010         0.0024       0.0050

10

0.0000          0.0000

0.0000          0.0000

0.0000          0.0000

0.0001          0.0000

0.0003          0.0001

0.0010          0.0005

0.0026          0.0014

0.0060          0.0034

0.0120          0.0072

0.0213          0.0135

0.0341          0.0230

0.0496          0.0355

0.0661          0.0504

0.0814          0.0658

0.0930          0.0800

0.0992          0.0906

0.0992          0.0963

0.0934          0.0963

0.0830          0.0909

0.0699          0.0814

0.0559          0.0692

0.0426          0.0560

0.0310          `0.0433

0.0216          0.0320

0.0144          0.0226

0.0092          0.0154

0.0000         0.0000         0.0000

0.0000         0.0000         0.0000

0.0000         0.0000         0.0000

0.0000         0.0000         0.0000

0.0001         0.0000         0.0000

0.0002         0.0001         0.0001

0.0007         0.0004         0.0002

0.0019         0.0010         0.0005

0.0042         0.0024         0.0013

0.0083         0.0050         0.0029

0.0150         0.0095         0.0058

0.0245         0.0164         0.0106

0.0368         0.0259         0.0176

0.0509         0.0378         0.0271

0.0655         0.0514         0.0387

0.0786         0.0650         0.0516

0.0884        0.0772         0.0646

0.0936         0.0863         0.0760

0.0936         0.0911         0.0844

0.0887         0.0911         0.0888

0.0798         0.0866         0.0888

0.0684         0.0783         0.0846

0.0560         0.0676         0.0769

0.0438         0.0559         0.0669

0.0328         0.0442         0.0557

0.0237         0.0336         0.0446



CUMULATIVE P0lssoN DISTRIBUTION

For a given value of ^ an entry indicates the probability of a equal to or less than the specific value of x

Foriexample if ^i= 5, the probability of x being equal to or less than 6 is 0.7622 (in bold below).

A

1                   2                   3                  4                  5                   6                   7                   8                   9                  10

0.3679         0.1353

0.7358         0.4060

0.9197         0.6767

0.9810         0.8571

0.9963         0.9473

0.9994         0.9834

0.9999         0.9955

1.0000         0.9989

0.0498         0.0183

0.1991         0.0916

0.4232         0.2381

0.6472         0.4335

0.8153         0.6288

0.9161         0.7851

0.9665         0.8893

0.9881         0.9489

0.9998         0.9962         0.9786

1.0000         0.9989         0.9919

0.9997         0.9972

0.9999         0.9991

1.0000         0.9997

0.0067         0.0025

0.0404         0.0174

0.1247         0.0620

0.2650         0.1512

0.4405         0.2851

0.6160         0.4457

0.7622         0.6063

0.8666         0.7440

0.9319         0.8472

0.9682         0.9161

0.9863         0.9574

0.9945         0.9799

0.9980         0.9912

0.9999         0.9993         0.9964

1.0000         0.9998         0.9986

0.9999         0.9995

1.0000         0.9998
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0.0009         0.0003         0.0001         0.0000

0.0073         0.0030         0.0012         0.0005

0.0296         0.0138         0.0062         0.0028

0.0818         0.0424         0.0212         0.0103

0.1730         0.0996         0.0550         0.0293

0.3007         0.1912         0.1157         0.0671

0.4497         0.3134         0.2068         0.1301

0.5987         0.4530         0.3239         0.2202

0.7291         0.5925         0.4557         0.3328

0.8305         0.7166         0.5874         0.4579

0.9015         0.8159         0.7060         0.5830

0.9467         0.8881         0.8030         0.6968

0.9730         0.9362         0.8758         0.7916

0.9872         0.9658         0.9261         0.8645

0.9943         0.9827         0.9585         0.9165

0.9976         0.9918         0.9780         0.9513

0.9990         0.9963         0.9889         0.9730

0.9999         0.9996         0.9984         0.9947         0.9857

1.0000         0.9999         0.9993         0.9976         0.9928

1.0000         0.9997         0.9989         0.9965

0.9999         0.9996         0.9984

1.0000         0.9998         0.9993

0.9999         0.9997

1.0000         0.9999

1.0000



CUMULATIVE POISSON DISTRIBUTION

A

11                 12                 13                 14                15                 16                  17                 18                 19                  20

0.0000         0.0000        0.0000

0.0002         0.0001         0.0000

0.0012         0.0005         0.0002.

0.004.9         0.0023         `0.0011

0.0151         0.0076         0.0037

0.0375         0.0203         0.0107

0.0786         0.0458         0.0259

0.1432         0.0895         0.0540

0.2320         0.1550         0io998

0.3405         0.2424         0.1658

0.4599         0.3472         0.2517

0.5793         0.4616         0.3532

0.6887         0.5760         `0.4631

0.7813         0.6815         0.5730

0.8540         0.7720         0.6751

0.9074        0.8444        0.7636

0.9441         0.8987         0.8355

0.9678         0.9370         0.8905

0.9823         0.9626         0.9302

0.9907         0.9787         0.9573

0.9953         0.9884         0.9750

0.9977         0.9939         0.9859

0.9990         0.9970         0.9924

0.9995         0.9985         0.9960

0.9998         0.9993         0.9980

0.9999         0.9997         0.9990

0.0000       0.0000

0.0000       0.0000

0.0001       0.0000

0.0005       0.0002

0.0018       0.0009

0.0055       0.0028

0.0142       0.0076

0.0316       0.0180

0.0621       0.0374

0.1094       0.0699

0.1757        0.1185

0.2600       0.1848

0.3585        0.2676

0.4644       0.3632

0.5704       0.4657

0.6694        0.5681

0.7559        0.6641

0.8272       0.7489

0.8826        0.8195

0.9235        0.8752

0.9521        0.9170

0.9712       0.9469

0.9833        0.9673

0.9907       0.9805

0.9950       0.9888

0.9974       0.9938
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0.0000          0.0000

0.0000          0.0000

0.0000          0.0000

0.0001          0.0000

0.0004          0.0002

0.0014          0.0007

0.0040          0.0021

0.0100          0.0054

0.0220          0.0126

0.0433          0.0261

0.0774          0.0491

0.1270          0.0847

0.1931          0.1350

0.2745          0.2009

0.3675          0.2808

0.4667          0.3715

0.5660          0.4677

0.6593          0.5640

0.7423          0.6550

0.8122          0.7363

0.8682          0.8055

0.9108          0.8615

0.9418          0.9047

0.9633          0.9367

0.9777          0.9594

0.9869          0.9748

0.0000        0.0000         0.0000

0.0000         0.0000         0.0000

0.0000        0.0000         0.0000

0.0000        0.0000         0.0000

0.0001         0.0000         0.0000

0.0003         0.0002         0.0001

0.0010         0.0005         0.0003

0.0029         0.0015         0.0008

0.0071         0.0039         0.0021

0.0154        0.0089        0.0050

0.0304        0.0183         0.0108

0.0549         0.0347         0.0214

0.0917         0.0606         0.0390

0.1426         0.0984         0.0661

0.2081         0.1497         0.1049

0.2867         0.2148         0.1565

0.3751         0.2920         0.2211

0.4686         0.3784         0.2970

0.5622         0.4695         0.3814

0.6509         0.5606         0.4703

0.7307         0.6472         0.5591

0.7991         0.7255         0.6437

0.8551         0.7931         0.7206

0.8989         0.8490         0.7875

0.9317         0.8933         0.8432

0.9554        0.9269         0.8878



NORMAL DISTRIBUTION

This table gives the area under the normal curve between the mean and a point Z standard deviations above the mean.
The corresponding area for deviations below the mean can be found by symmetry.



T DISTRIBUTloN TABLE
The critical values of t distribution are calculated according to the probabilities of two alpha values and the degrees

of freedom. The Alpha(ci) values 0.05 one tailed and 0.1 two tailed are the two columns to be compared with the
degrees of freedom in the row of the table.

0€

0.025                 0.01
0.05                   0.02

0.005                  0.0025
0.01                    0.005

0.001                  0.0005
0.002                  0.001

6.3138              12.7065              31.8193

2.9200                4.3026                6.9646

2.3534                3.1824                4.5407

2.1319                2.7764                3.7470

2.0150                2.5706                3.3650

1.9432                2.4469                3.1426

1.8946                2.3646                2.9980

1.8595                2.3060                2.8965

1.8331                2.2621                2.8214

1.8124                2.2282                2.7638

1.7959                2.2010                2.7181

1.7823                 2.1788                2.6810

1.7709                2.1604                2.6503

1.7613                2.1448                2.6245

1.7530                2.1314                2.6025

1.7459           .    2.1199                2.5835

1.7396                2.1098                2.5669

1.7341                2.1009                2.5524

1.7291                 2.0930                 2'.5395

1.7247                2.0860                2.5280

1.7207                2.0796                2.5176

1.7172                2.0739                2.5083

63.6551           127.3447

9.9247             14.0887

5.8408               7.4534

4.6041                5.5976

4.0322               4.7734

3.7074               4.3168

3.4995               4.0294

3.3554                3.8325

3.2498                3.6896

3.1693                 3.5814

3.1058                3.4966

3.0545                3.4284

3.0123.                 3.3725

2.9768                3.3257

2.9467                3.2860

2.9208                3.2520

2.8983                3.2224

2.8784                3.1966

2.8609                3.1737

2.8454                3.1534

2.8314                3.1352

2.8188                3.1188

1.7139                2.0686                2.4998                2.8073                3.1040

1.7109                2.0639                2.4922                2.7970                3.09.05

1.7081

1.7056

1.7033

1.7011

1.6991

1.6973

1.6955

1.6939

1.6924

1.6909

1.6896

1.6883

1.6871

1.6859

1.6849

1.6839

2.0596                2.4851

2.0555                2.4786

2.0518                2.4727

2.0484               2.4671

2.0452                2.4620

2.0423                2.4572

2.0395                2.4528

2.0369                2.4487

2.0345                2.4448

2.0322                2.4411

2.0301                2.4377

2.0281                2.4345

2.0262                2.4315

2.0244               2.4286

2.0227                2.4258

2.0211                2.4233

2.7874               3.0782

2.7787                3.0669

2.7707                3.0565

2.7633                3.0469

2.7564                3.0380

2.7500                3.0298

2.7440                3.0221

2.7385                3.0150

2.7333                3.0082

2.7284                3.0019

2.7238                2.9961

2.7195                2.9905

2.7154                2.9853

2.7115                 2.9803

2.7079                2.9756

2.7045                2.9712

318.4930           636.0450

22.3276             31.5989

10.2145              12.9242

7.1732                 8.6103

5.8934                6.8688

5.2076                5.9589

4.7852                5.4079

4.5008                5.0414

4.2969               4.7809

4.1437                4.5869

4.0247               4.4369

3.9296                4.3178

3.8520                4.2208

3.7874                4.1404

3.7328                4.0728

3.6861                4.0150

3.6458                3.9651

3.6105                 3.9216

3.5794                3.8834

3.5518                3.8495

3.5272                 3.8193

3.5050                 3.7921

3.4850                3.7676

3.4668               3.7454

3.4502                3.7251

3.4350                3.7067

3.4211                3.6896

3.4082                 3.6739

3.3962                 3.6594

3.3852                3.6459

3.3749                3.6334

3.3653                3.6218

3.3563                3.6109

3.3479                3.6008

3.3400                3.5912

3.3326                3.5822

3.3256                3.5737

3.3190                3.5657

3.3128                 3.5581

3.3069                 3.5510
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CHI-SQUARE PROBABILITIES

The areas given across the top are the areas to the right of the critical value. To look up an area on the left, subtract it from
one, and then look it up (i.e.: 0.05 on the left is 0.95 on the right)

z---------,/`----------
Th,e shaded area is equal to a f or %2 = # a

0.995              0.99            0.975              0.95              0.90 0.10             0.050             0.025                 0.01              0.005

8.034            i8.897

8.643            9.542

9.260          10.196

9.886          10.856

10.520          11.524

11.160          12.198

11.808          12.879

12.461          13.565

13.121          14.256

13.787          14.953

20.707         22.164

27.991          29.707

35.534          37.485

43.275         45.442

51.172          53.540

59.196          61.754

67.'328          70.065

0.001            0.004

0.051

0.216

0.484

0.831

3.816

4.404

5.009

5.629

6.262

0.103

0.352

0.711

1.145

0.016              2.706

0.211              4.605

0.584              6.251

1.064             7.779

1.610              9.236

2.204           10.645

2.833            12.017

3.490           13.362

4.168           14.684

4.865           15.987

3.841             5.024

5.991              7.378

7.815              9.348

9.488           11.143

11.070           12.833

12.592           14.449

14.067            16.013

15.507            17.535

16.919            19.023

18.307           20.483

6.635                7.879

9.210             10.597

11.345             12.838

13.277             14.860

15.086             16.750

16.812             18.548

18.475             20.278

20.090             21.955

21.666             23.589

23.209             25.188

17.275           19.675           21.920             24.725             26.757

18.549           21.026           23.337             26.217             28.300

19.812           22.362           24.736             27.688             29.819

21.064           23.685            26.119             29.141             31.319

22.307           24.996           27.488             30.578             32.801

7.962            9.312           23.542

8.672          10.085           24.769

9.390          10.865           25.989

10.117          11.651            27.204

10.851          12.443           28.412

10.283          11.591          13.240           29.615

10.982          12.338          14.041           30.813

11.689          13.091          14.848           32.007

12.401          13.848          15.659            33.196

13.120          14.611          16.473           34.382

13.844          15.379          17.292           35.563

14.573          16.151          18.114           36.741

15.308          16.928          18.939           37.916

16.047          17.708          19.768           39.087

16.791          18.493          20.599           40.256

24.433          26.509          29.051           51.805

32.357          34.764          37.689           63.167

40.482         43.188         46.459           74.397

48.758          51.739          55.329           85.527

57.153          60.391          64.278           96.578

65.647          69.126          73.291         107.565

74.222          77.929          82.358         118.498

26.296           28.845

27.587           30.191

28.869            31.526

30.144           32.852

31.410           34.170

32.671           35.479

33.924           36.781

35.172           38.076

36.415           39.364

37.652           40.646

38.885           41.923

40.113           43.195

41.337`           44.461

42.557           45.722

43.773           46.979

55.758           59.342

67.505           71.420

79.082           83.298

90.531           95.023

101.879         106.629

113.145         118.136

124.342        129.561

32.000             34.267

33.409             35.718

34.805             37.156

36.191             38.582

37.566             39.997

38.932            41.401

40.289            42.796

41.638            44.181

42.980            4.5.559

44.314            46.928

45.642            48.290

46.963             49.645

48.278            50.993

49.588             52.336

50.892             53.672

63.691             66.766

76.154            79.490

88.379             91.952.

100.425          104.215

112.329           116.321

124.116          128.299
135.807          140.169
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Instructions for Candidates  / 3T8:ffi a fat faifeT:
1.            Write  your  Roll  No.   on  the  top  immediately  on  receipt  of  this  question   paper  /  qF  mar  qT

fan a ed 5tlT 3T"T rfe faai
2.            Answers    may    be   written    in    English    or   Hindi    but   the   same    medium    should    be    used

throughout the  paper  ; 3Ea{ 3jan qT ca H fan en qi5a a,  Ting ap FQa qT H FF a
HT€H ffl 3qdr E¥i
The  question  paper  consists  of six  questions  / gQaT qT a 5a I?I €1

Ql   is  compulsory.  It  carries  10  marks  /  5r3aT  1   3Tfand  €1  Eti¥  10  3jEF €|

Do  any  four  out  of five  questions  from  Q2  to  Q6.  Each  question  carries  20  marks  /  mar  2

a 9:QH  6  E[qT rfu F3al fi a q# qT{ FQFT ffi{i  HEatF qRF a  20  3jiF ¥i

Use  of  simple  non  programmable  calculator  is  allowed  /  HIHT=q  affF  5fiHTha  qu  i;I
3qrfu fin en Hffl g]
Statistical tables  are  attached  for your  reference / 3TrqaT fat te tlif}sqc^h^iq- UTth rfu €1

Q-1  Consider  the  multiple  regression  model:

Yi   =  PO   +  PIxli   +  P2X2i  +  P3X3i'  +  ui

where    the    CLRM    assumptions    MLFH     through    MLR.4    hold    (lin.earity,    random    sampling,    no

perfect  collinearity,  and  zero  conditional  mean).  Suppose  the  data  are  given  as:
Y  =  (5,7,9,6,8),  X|   =  (1,0,2,1,3),  X2   =  (2,1,0,3,2),  X3   =  (4,5,3,2,1)

a) Write  the  regression  model  in  matrix  notation,  clearly  defining  all  matrices.

b)  Using  matrix  algebra,  calculate  the  OLS  estimator  4  =  /X'JX/-'X7y ,

c)   Suppose  we  are  interested  in  the  linear  combination  0  =¢7  + 42 :

(i) Show  that   G= P7   +P2   is  an  unbiased  estimator  of  0.

(fi)  Derive  Var(a)  in  terms  of  Var(47),  Var(P2),  and  Cov(P7,  42).

d)  Compute  the  Total  Sum  of  Squares   (TSS),   Explained   Sum  of  Squares  (ESS),   and   Residual

Sum  of  Squares  (RSS)  using  matrix  notation.



e)  Find  the  coefficient  of  determination  R2  and  interpret  it. 5*2=10

FQaT -1  an fan Fra. ag HHT€IapT gfaFT qT faiTR Efrfaa:

Yi   =  PO   +  PIxli  +  P2X2i  +  P3X3i  +  ui

art  cLF"  enwi  MLR.1  a  MLR.4  atF aFT` an a  RE,  qTEiis TfaasiuT,  F
tfirm a5T aT dr,  Qpr giaitITHF HTCF) I  Hiar dtiir far 3Ti# fa]EH fan 7Ta. a:

Y = (5,7,9,6,8), Xi = (1,0,2,1,3), X2 = (2,1,0,3,2), X3 = (4,5,3,2,1)

a)   eefr HRI * EqcEa: qiisrfu ed gTT,  HHTeTquT HfaiFT al afgiv ife H
fma[

b)  tiro 3irfu H 3rfu rd gtr, chEiRE "EH5 p = rx'jxp-Jjr'y Efr 7TUTaT
afaal

c)   aFT tfifaTr fat tfaF 5=ha G = ¢j + ¢2 # gil rfu a:
(i)          aQfiqu f* G= Pj +P2,  0 qFT 3T©  i+icrqun  €|

(ii)         Var(Pj), Var(P2), 3fl{ Cov¢f, P2) aT fa* a Var(a)  iTrEr EREl
(iii)       reH ch a;T 3qdr ed gTr gF al 5T7TtFT (Tss),  cqits9qlrqd ri

±,  (Ess), 3ir 3Tafife al dt]TtFT (Rss) Efr 7Tum Emai
(iv)      iaiatin giv R2 ira Era 3ife 3HET ed tlHfflEai 5*2=10

Q-2

a)  Suppose  a  linear  probability  model  (LPM)  yields  a  predicted  valije  of  Y  that  is  equal  to  -0.4.

Explain  why  this  is  problematic.

b) Why  are  the  coefficients  of  probit  and  logit  models  estimated  using  the  method  of  maximum

likelihood  (MLE),  rather  than  using  the  instrumental  variables  (lv)  method?

c)  Your  friend   is   analyzing   survey   data   on   individuals'   exercise   habits   to   study  what   predicts

regular   physical   activity   in   your   city.   She   asks   if   she   should   use   a   logit,   probit,   or   linear

probability  model.  What  are  the  advantages  and  disadvantages  of  each   model  in  this  context?
Which  would  you  recommend,  and  why?

d)  Now   suppose   the   dependent   variable   Yi    represents   the   number   of   hours   per   week   an

individual  exercises,  but  many  individuals  report  zero  hours.  Explain  why  a  Tobit  model  may  be

more   appropriate   in   this   case.   Discuss   how   the   Tobit   model   differs   from  the   logit   and   probit

models  in  both  purpose  and  interpretation.

e)  You  are  analyzing  household  spending  on  luxury  goods,  where  some  households  report  zero

expenditure  because  they  choose  not  to  buy  such  goods.  Describe  how  you  could  use  a  two-

part  model  that  combines  a  logit/probit  model  with  an  OLS  or  Tobit  model  to  analyze  this  data.
What  does  each  stage  of the  model  capture?                                                                         5*4  =20

q3I-2
a)         HIT fliaTrffi TTfin HiaFT  (LPM)  y 5T 3Tap HIT 5]ap a5<aT a al -o.4  aT qHTa g]

<idisiisi!  f¥  qF  <idi+¢ilcdiq,  Fat gi

b)        5ife 3it  ffi TfaiFT  aT giv ffl qu trTtTaT ar  (Iv)  qrfu aT aTH  3Tfaqffl ti3TTan



(MLE) qrfu a5T 3qdr 55ds ffi amaT araT ap
c)          3TTqtPr  fir  3;rna;  3TIr  *  farfu  3TT3i5  7rfaiaiaEfr  qFT  3T=HFT  wh  aT  far  an  rfu  EqTqFT

tiaefi: 3nan al givr fi tia]uT 3Ti5a FT ia¥aFT a5T ca €i aF tgiv a fE ¥qT 3a ffi, ife,
qT {iaq; gTfaffl qiaRT qIT 3qdr q5{aT Frtri  gg HTri H rfe fu * aqT rfe 3fiT
gi5ena ap 37Ttr 3dr ffu fu EPr farfuT RE 3ife Ear
3]F qia @riaT 3Trfin Ir yi ian Eqifa api{T rfe qqTF # fa5a 7Ta apraFT a; ca EPr rfu
qfr apin a,  q{=g * dr QF ft EqTqFT i;{aT giv ed ¥i  FaTEri f* EF nd H afaE
riaqu 3Tfie giv an a tiiFaT gi rfu rna i¥ ae HfaiFT, 3tiq 3fi{ €qicaT an H ffi
3ft{ riiaE HfaRI a ifu 5ffll: 3Tai]T gi
3]Tcr giv tiTrm qT qtF` ed FT fa3in air ¢ i, ri gt* TIT 3`H ed giv gr rd €
anf¥ a ca 5T]TFT aft qth qdr q5wl ¥i  HTEri fat 3iiq EH 3ri5± ffl ia3in ed * fat
a-8]FT Fin FT 3qrfu fa5H HtFTr air ed € ch ffiyife HfaFT al chQiRE IT afar
fu a; FTeT giv Fi  qiaFT ffl HEaE a<ur FqT 9ita 5{aT ap                                             5*4
=20

Q-3 Suppose  the  market  for milk  can  be  described  by  the  following  system:
Os  = al   +  Pip  + ylzs  +

ul     Qd    =   a2    +   P2P   +

y2Zd  +  u2

where    Os   and    Od  are   quantity   supplied    and    demanded,    P    is   price,    and   Zs    and   Zd    are

exogenous  supply  and  demand  shifters  respectively.  In  equilibrium,  Qs   =  Qd   =  Q.

a)   Define  what  is  meant  by  a  structural  equation  and  a  reduced  form  equation  in  this  context.

b)   Explain  why  OLS  estimation  of the  supply  curve  generally  produces  biased  estimates  of  P|.

c)   Under  what   condition   is   the   demand   equation   identified?   What   role   does   the   variable   Z's

play  in  this  identification?

d) Describe  how  the  two-stage  least  squares  (2SLS)  method  would  be  used  to  estimate  the

demand  equation  in  this  system.                                                                                                       4#5=20

Q-3  qi] dtfaT fS q€T a; aiqi{ al gH rfu 5 cqitstlifad  faFT FT HEaT a:-
Qs = ai + Pip + yizs + ui
Qd--a2+P2P+y2Zd+u2

agTv  gs  3flT gd 3ITgiv 3flT Efr Th rfu Efr HiiT a,  p  Eire a,  3it zg  3fi{ zd 5FTQT:  ffi

3ngF 3it rfu qRed a5TFT gi  HHgEqaT #,  Qs = Qd = Q  F[
a)         =H  drat  H  -ti-`tiaiic-diqi  tiflFT  3fl¥  Hrfu 5T  tl]ftFT  fr a=qT  at  a,  qR8rfu

Effil
b)         3THF aiF ffl 3fiFiTFH 9THt]a 3m fife q{  pl  H 3iiin 5TEEffl Fat FT qi{aT a,

tldlSIS¢ I

c)         ia5u  QT*  aT  aEa  rfu  5flFT  Efr  tT5i]FT  ft  5ith  g7  gg  t]apa  #  aT  z's  fl  FqT
gen ap

d)        EH rm H in tlEfu aT qiHffl * fat ap-atoT apaH al (2sLs)  q5fa aFT
3qdr ffa 9tFTT fin aT tiEaT €i                                                                     4*5=20



Q-4 Consider  a   school-level  analysis   examining   the   impact  of  health   insurance   coverage
on  healthcare  utilization  among  high  school  students,  modelled  as  follows:



Hs=  PO   +  Pllc:  +  P2   FP  +  P3Av  +  P4urban  +  ul Equation    (1)

where:

#5=  percentage  of  students  who  visited  a  hospital  in  the  past  year,

/c=  percentage  of  students  with  health  insurance  coverage,.

fip=  percentage  of  female  students  in  the  school  population.

AL7  =  average  family  income  at  the  school,

urban  =  dummy  variable  indicating  whether  a  school  is   in  an  urban  area.

The  model  is  estimated  at  the  school  level.

a)  Interpreting  the  preceding   Equation   1   in  a  causal,   ceteris  paribus  fashion,   what  is

the   expected   sign   of   P|?    Explain   the   intuition   behind   this   expected   sign   in   the

context  of  healthcare  access  and  insurance  coverage.

b)  Why   might   #s   and   /c   be  jointly   determined?   Describe  the   potential  feedback   mechanisms

that   could   create   reverse   causality   between   these   two   variables.   In   particular,   discuss   how

healthcare   utilization   could   influence   the   decision   or   likelihood   of   insurance   enrolment,   rather

than  operating  only  in  the  forward  causal  direction.

c)  Suppose  the  true  relationship  determining  insurance  coverage  is:

lc  =  yo  + ylHs  +  other  factors,                                                                         EquatroT\  (2:)

and  assume  y|   >  0,  meaning  that  higher  hospital  utilization  rates  increase  the  likelihood

of  insurance  enrolment.  What  is  the  likely  bias  in  estimating   47  by  OLS?

d)   Suppose   there   exists   a   binary  variable,   Gp,   which   equals   1   if  a   school   participates   in   a

government  or  private  health  insurance  assistance  program,   and  0   otherwise.   Explain   how   Gp

can  be  used  as  an  instrumental  variable  (lv)  to  estimate  4/  (and  the  other  parameters)   in  the

Equation

(1).  What  conditions  must  Gp  satisfy  to  serve  as  a  valid  instrument  in  this  context?  Specifically,

discuss  its  relevance  and  exogeneity  with  respect  to  both  the  hospital  visits  and  insurance  rate

equations.                                                                                                                                                                        4*5=20

q3a 4 * faiFTFT a; faFrfar aT an FaiEeFT drTTa a; 3qdr * diT # Fai¥aF an EqTfEa
a; qanF ft rfu rd nd               -Eat aT faQin qT iaFT flfaa, fad lad-aiaci  tifti¢itici  fin
JFT a:

Hs= Po + Pilc +  P2 Fp +  P3Av + P4urban + ui

ri:
Hs= faird al 3i¥qaiiT rd rd faEqiiar a5T HfaQH a,

/c= EaiFeF in EqTfea ffli} faEqiian aft HfaQTa,
Fp= faFTan fl 3iira * Frfin fagiv 5T HiaeFT,
4v =  rciciqitlq  * qitr Efr 3ftFT 3iTqi

urban = `qF 5F Er a 5fr aaTar a f¥ faEFffl 3TFfr dr * a anaT aFI
EH HfaRI 5T "EF5aa rqquiciq`  Far TIT faFT 5TzlT *i

Equation  (1)



fRI HTftFT 1  al fry * 5F fi EqT5qrfaa ed gF, rfe 3]F ri Tgiv wl qT, pi
H 3Tqfha T5tF a=qT ap  5TE€:a drma q* 3fiT an Eqfia aT fat # Eg  3Tffi
RE aT tPr5: # UHF EPr EqicaT tfirfiri

b)        zJs 3fl{ /c al t!F tiTer ffi fatife fin SIT HEaT ap  3a thTTfaa the jT ffl rfu
Ema ch Ea a rd aT rfu EgF5FT try air fth a5T nd ¥i  fa€tFT:, EH aia TIT ed
Ema fir EaiFe;a dam a;I 3qdr ajFa 3FT dy faRIT H ed ed * a5FT,  an
airfu aT farfu FT Efr 5ETTEFT ifr ffu giF7T FBFTfaa a;I 5a5aT Fi

c)       rm an fat in Eqfia ch iatife rd araT 3Tth 5deT faHH a:
Ic=  yo + yiHs + otherf actors,                          Equalron(2:)
3fl{ aFT an fat yi > o,  iaffl at a fat 3i€qaiF * 3qdr Efr 3TfatF a{ an
aHiH  rfu  chTTan  ifr  a5T  an  F[  alQETTH  apFT  pi   5T  rmEaa  ed  5Fq  riTrfaa
3Tfan ffl tr

d)        HIT  thfaTr  fa7 5ng gr  Gp,  a,  5fr  fan faEFTFT  aT  tidi  FT  fan EaTca  an
5ETqtIT 5Ttr H arm aa qT  1  a 3i=q€]T 0  ¥i  HHFF€ fir ti]ft55FT  (1)  H  pi  (3flT EFt
nd)  ffl enFi5aF rd aT iaF Gp aFT 3qdr 5TeH EIT (iv)  * at q{ faFT HETT faFT en
55aT Fi EFT fat H fan art 5TtH a at TIT ed ed te Gp al EL a qiai€T al iF
ailaT giv ia€tFT:,  3THa]a ri 3flT an aT <idi\ch<uii,  an a; thT # gil wi<iliiq,cii
3fl{  G]r6wlticicii  q{ ed Emai                                                                                             4*5=20

Q-5

(a)  Explain  the  consistency  and  efficiency  properties  of  the  Fixed  Effects  (FE)  estimator  in  panel
data  models.  Under  what  conditions  is  the  FE  estimator  unbiased  and  consistent?

(b)What  is  the  "within  transformation"  used  in  the  Fixed  Effects  model?  Explain  how  it  helps  in
eliminating  unobserved  individual-specific  effects.

(c) What  is  a  "balanced  panel"  vs.  an  "unbalanced  panel"?  How  does  it  affect  estimation?

(d)  What  are  the  limitations  of  using  panel  data  models  with  short  time  periods  (small  T,  large
N)?                                                                                                                                                                               4*5=20

qQ6T  5     ,-

(a)         qaFT 3FT Hfan H faftr rmF(FE)  5ITFi5tFT Efu faitTFT 3fl{ aa]aT giv ch HaFTErii  fa5FT
ffifi * aEa faifro gama uiq-hoich 3Taffro 3ir fawn dr ap

(b)        faith F8iitr HiaFT H 3Tdr iit ri nd "8flH 5qiFT" aTT ap qF 3ffl3iqoj\f*ci  aqlEciq.-
fafha rmFT q} 5HTca rd H ffu 5fflT qETHT a5=aT Fi

(c)         "55faa qffl"  aaFT "3T55faa qH" a=qT ap  qF 5rTHffl 5} fa5H 5fflT ceTrfaiT 55IaT ap
(d)       ELfaqianifragHfflTrfu (T a¥, N ar) H3qdrrdHaETthap     4*5=20



Q-6 Consider  the  following  infinite  distributed  lag  model:
Yt  =  a  +  Poxt  +  PIxt-1   +  P2Xt-2  +  P3Xt-3  +  ...  +  Pt

a)Show   how   the   Koyck   transformation   can   be   used   to   transform   the   distributed   lag

model  given  above  into  an  estimable  form  of  an  AR  model.

b)What  restrictions  does  Koyck  impose  on  the  },  where  ^  is  the  rate  of  decline  of

the  distributed  lag   :  Pk   =  Po^k,     k=0,   1,  2,  3„.

c) Write  the  three  features  of the  Koyck  scheme.

d) Prove that for the  Koyck  model,  the  mean  lag  isi
il=di

"a 6 an iir 5itr 3iri farfu th FfaiFT q{ iaiIT Era:
rt --a + poxt + pixri + p2xt-2 + pixt~3+  ... + pt

a)         aQfiETr i¥ 5in 5qiFT aft 3qdr 3FT itr 7TF iaaRa ar 9faFT qfr tr3iir HfaFT a Hlq-i,tl4^Iq
5q- H `iiidr`ci- ed a fa5H 5fflT faFT G]T HiFaT *i

b)          qha A q{ aqT 3fiittTa7TTaT€,  5Ef A farfuar  pk=pO^k,k=o,1,2,3...  *HEa Efr H gi
c)       aha giv aTan fa€twi fafaTri
d)        fair fliaa fat qhaff qiaFT te, fflt:F th Ai_A gi


