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1. 	 Consider a supply chain consisting of two firms: a manufacturer and a carrier. To 
satisfy a known demand, the manufacturer chooses its production amounts for four 
plants that produce the same product but have different requirements of resources and 
different margins, as summarized in Table l(a). The total demand of the market is 
100 units, and overproduction is not allowed. Once the production is finished, the 
manufacturer will deliver products to the market arranged by a carrier. The carrier 
considers each plant as a node and decides its distribution plan after the manufacturer's 
production plan is determined. Table 1 (b) summarizes the information of carrier's unit 
shipping cost of each path and path capacities. Each of the firms makes decisions by 
optimizing the individual profit or cost. (The manufacturer's and carrier's problems 
satisfy the properties required for LP models.) 

(a) What properties are required 	for formulating the firms' problems as LP models? 
If the market demand follows a uniform distribution, what property is violated? 
(10%) 

(b) 	 Find the optimal production quantities of the four plants and profit obtained by 
the manufacturer. (10%) 

(c) 	 From part (2), find the shadow price of each resource, and interpret that increasing 
what resource provides the greatest profit improvement? (10%) 

(d) Solve the carrier's problem 	as a minimum-cost flow problem. Please show the 
optimal decisions and total cost borne by the carrier. (10%) 

(e) 	 If the margin of Plant 3 decreases to $20, does the basis obtained in part' (d) of 
the carrier's problem remain optimal? Explain. (10%) 

Table 1: Information of resources, margins, and shipping costs 

(a) Resource requirements and margins (b) Shipping costs and path capacities 

Plant 4 MarketResources 	 Plant 1 Plaut 2 Plant 3 

Plant 

Plant 1 
Plant 2 
Plant 3 
Plant 4 

A 

2 
3 
2 
2 

B 

4 
2 
3 
3 

C 

2 
3 
4 
3 

Margin 

$40 
$30 
$40 
$20 

Plant 1 
Plant 2 
Plant 3 
Plant 4 

Note: -

$7 (00) $4 (00) $4 
S3 (30) $3 (40) 

$2 (00) 

unavailable path; (-) path capacity 

$5 (50) 
$5 (00) 

Available 
amount 

280 320 300 
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2. 	 Consider the inventory control problem of a product of a store. The inventory of the 
product is checked at the end of each day, if the inventory level is less than s, we place a 
replenishment order to bring the inventory level up to S. The replenishment will arrive 
at the store at the beginning of the next day. Let Dn be random demand at day n 
with probability P(Dn = k) = dk , k = 0,1,2, .... D1 , D2 , •.. be iid random variables. 
Assume that unsatisfied demands are lost with a cost of $b per unit of unsatisfied 
demand. Besides, there is a setup cost $M of placing a replenishment order and a 
holding cost $h per unit charged for each unit of inventory held at the end of the day. 
Let Xn be inventory level of the product at the end of day n. {Xn} is a Markov chain. 

(a) 	 Find the transition probability matrix of {Xn}.(% 15) 

(b) Assume that {Xn} has steady state distribution limn-tooP(Xn = i) = 1ri, express 
the following terms in terms of $M, $b, $h, 1ri, i = 0, 1,2, ... 

o 	 Average inventory leveL (% 5) 

• Average unmet demand per day. (% 5) 

• 	Average replenishment order size.(% 5) 

• 	Average time between placing replenishment orders.(% 5) 

• Average system cost per day.(% 10) 

(c) 	 If the product considered is perishable, say the product are boxes of milk. Assume 
each box of milk has to be sold within three days after it arrives to the store and 
we always sell boxes of milk in the shop longest of time first. If a box of milk has 
been in store for more than 3 days, we need to discard it. The status of each box 
of milk is checked at the end of each day. The inventory system of the product 
considered is still a Markov chain. Define the state of this Markov chain and find 
the transition probabilities. (% 5) 
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1. 	 The term "inverse demand curve" refers to 

(A) the demand for "inverses." 

(8) expressing the demand curve in terms of price as a function of quantity 

(C) the difference between quantity demanded and supplied at each price 

(D) a demand curve that slopes upward 

2. 	 Assume the price of a movie is $10. Jenna demands 2 movies per week, Sam demands 3 movies 

per week, and Jordan demands 8 movies per week. From this information we can conclude that 

(A) Sam is irrational compared to Jenna or Jordan 

(8) Jordan is obviously more wealthy than either Sam or Jeanna 

(C) the movie industry is unprofitable. 

(D) the market quantity demanded at a price of$1O is at least 13 movies per week 

3. 	 A vertical demand curve for a particular good implies that consumers are 

(A) not interested in that good 

(8) irrational. 

(C) not sensitive to changes in the price of that good 

(D) sensitive to changes in the price of that good 

4. 	 If the demand function for orange juice is expressed as Q = 2000 - SOOp, where Q is quantity in 

gallons and p is price per gallon measured in dollars, then the demand for orange juice has a 

unitary elasticity when price equals 

(A) $0 

(8) $1 

(C) $2 


(0)$4 


5. 	 On a linear demand curve, the lower the price, 

(A) the elasticity equals -I. 

(8) the less elastic is demand. 

(C) the elasticity equals zero. 

(D) the more elastic is demand 

6. 	 Convexity of indifference curves implies that consumers are willing to 

(A) settle for less of both "x" and "y" 

(8) acquire more "x" only if they do not have to give up any "y" 

(C) give up more "y" to get an extra "x" the more "x" they have 

(D) give up more "y" to get an extra "x" the less "x" they have. 

7. 	 If the utility function (U) between food (F) and clothing (C) can be represented as U = .JF" C, 

the marginal rate of substitution of clothing for food equals 

(A) -F/C (8) -C/F (C) - -JCfF (D) _ ,JF/C 
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8. An inferior good exhibits 

(A) a decline in the quantity demanded as income rises 

(8) a downward sloping Engel curve 

(C) a negative income elasticity 

(0) All of the above 

9. What is the primary difference between the substitution and the income effect ofa price change? 

(A) The substitution effect holds income constant and the income effect holds utility constant 

(8) The substitution effect is always negative and the income effect is always positive 

(C) The substitution effect holds utility constant and the income effect holds prices constant 

(0) The substitution effect is always positive and the income effect is always negative 

10. Isoquants that are downward-sloping straight lines exhibit 

(A) a decreasing marginal rate oftechnical substitution 

(8) an increasing marginal rate of technical substitution 

(C) a marginal rate of technical substitution that cannot be determined 

(0) a constant marginal rate of technical substitution 

11. Let the production function be q=ALaKb. Returns to scale are equal to 

(A) a + b (8) La + Kb (C) a * b (0) A * L 

12. Suppose the short-run production function is q 10 * L. If the wage rate is $10 per unit oflabor, 

then Me equals 

(A) q/lO (8) q (e) 1 (0) 10/q 

13. Assuming that wand r are both positive, if the long-run expansion path is horizontal, then 

(A) MRTS is a function of capital only 

(8) w = r 

(C) MPK 0 

(0) All of the above 

14. If all conditions for a perfectly competitive market are met 

(A) firms demand curves are horizontal 

(8) the market demand curve is horizontal 

(C) firms face sunk cost when entering the market 

(0) the firms' demand curves are downward-sloping 

15. Producer surplus equals 

(A) total revenue minus total variable cost 

(8) profit plus fixed cost 

(e) total revenue minus the sum of all marginal cost 

(0) All of the above 

16. Which of the following is not a potential result of a price floor? 

(A) Price greater than free-market equilibrium price 

(8) Excess supp Iy 



3 }i{(;it ? }i{1 

~~ IiI 11: ~ ** f-f. 1X * * 
1iJ",,~ 101 ~iFltm±Ji)f~m±:tE~WJi)f*Et.~~~Jt~ 

(C) Lower quality inputs are used which increases marginal cost 

(D) All of the above 

17. If a society only cares about efficiency and not equity, then 

(A) all points on the contract curve yield the same level of social welfare 

(B) it will not rely on competitive markets to allocate goods 

(C) an equitable outcome is impossible 

(D) it will maximize the utility of its worst-off member 

18. 	If a monopoly discovers that the demand for its output has become more elastic at the original 

output level, then it will respond by 

(A) setting a lower price 

(B) producing more while leaving price unchanged 

(C) producing more and setting a higher price 

(D) setting a higher price 

19. The producer surplus to a monopolist must be 

(A) positive, otherwise why would the monopoly produce? 

(B) at least as great as the producer surplus in a competitive market. 

(C) less than zero or the firm is in violation of anti-trust statutes. 

(D) the same as for a competitive market. 

20. A perfect-price-discriminating monopoly's marginal revenue curve 

(A) varies for each consumer. 

(B) is the demand curve. 

(C) lies below the demand curve. 

(D) is the same as the monopolist's marginal revenue curve. 

21. Airlines offer lower prices to vacationers than to business travelers because 

(A) of government regulations requiring them to do so. 

(B) business travelers are less flexible in their travel plans than vacationers are. 

(C) airlines know that business travelers enjoy flying more than vacationers do. 

(D) busine~s travelers do not care at all about costs. 

22. A typical firm in a cartel will hold which of the following attitudes? 

(A) If everyone cheats, I'm better off, and so is everyone in the cartel. 

(B) Ifl suspect others are planning to cheat, I'll do best for myself by deciding not to cheat. 

(C) I can never do better for myself than following agreed-upon cartel rules. 

(D) Ifl alone cheat, I'm better off; if everyone cheats, I'm worse off. 

23. Suppose a market with a Cournot structure has five firms and a market price elasticity of demand 

equal to -2. What is a Cournot firm's Lerner Index? 

(A) 1 (B) 0.2 (C) 0.1 (D) 0.5 

24. A strategy is dominant if 

(A) the player cannot gain by changing strategy, assuming that no other player changes strategy 
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(8) it yields a greater payoff than any other player receives. 

(C) it is part of a Nash equilibrium. 

(D) 	it yields a payoff at least as large as that from any other strategy. regardless of the actions of 

other players. 

25. If a Cournot duopolist announced that it will double its output 

(A) the other firm does not view the announcement as credible. 

(B) it becomes the leader. 

(C) the other firm will double output also. 

(D) the other firm will shut down. 
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*JlJT : ' imiJJlJT 
f4 El : WXf.lltjJ-(2) 

tJiJE1m~ 201m' 5 :7t 

1. Please solve the inequality Ix -II-Ix - 312! 5 

. 3X2 + ax + a + 3 
2. 	 Find the value of a such that the I1m exists. 

x..... -2 +x-2 

23. 	 For a function f(x) = x - X - 4, please find a number 8 such that if Ix - 21 < 8 then 

If(x) + 21 <1. 

4. 	 Find the limit lim(_l_ - 2 1 ) 
H2 x-2 x -3x+2 


2
5. 	 Please find the normal line of the tangent for equation x + xy + y2 = 3 at point (1, 2), 

F' 	d th I" 1 f I' sin(x + 1)6, In e 1mIt va ue 0 1m 2 • 
x.....-l x -2x-3 

7. 	 A boat is pulled into a dock by a rope attached to the bow of the boat and pass through a pulley 

on the dock that is 1 m higher than the bow of the boat. If the rope is pulled in at the rate of 1 

mis, how fast is the boat approaching the dock when it is 8 m from the dock? 

8. 	 Ifj(2)=8 and / (x) 2! 5 for 2:S; x :s; 6, how small can the f(6) possible be? 

9. 	 Using Newton's method to find a root of the equation X
S =5x - 2. Calculate two iterations. 

10, Find the limit value of lim(xe1/x 
- x) . 

x-+ao 

ao [ en)11. Find the sum of the series 1 + ~ (-1t --;;! 

12. Find the radius of convergence of the series f (2n)! xn 
n=l (n!)2 

13. Find ril'l 2 sin x dx 
Jo 1 + cosx2 

14. If f(x)=x+x 2 +ex and g(x)=f-1(x),findg'(I). 

Jlnl0eX~ 15. Find 	 dx 
o eX +8 

16.Find JI ~ 
o~ 

17. 	y'+y =~e-x ,yeO) =3, findy(x) 



~pff :mJJ:~~f-t1X*~ 
101 ~4N~±F)lJl~±1£IMWF)lm~~~Jt~Jt~ 

18. Find JL (x2 + y2 )3/2 dA ,where D is the region in the first quadrant bounded by the lines y = 0 

and y =J3x and the circle x2+ y2 =9 

19. Find the maximum rate of change ofJat the given point and the direction in which it occur. 

J(x,y,z) = In(xy2 z3), (1-2,-3) 

az az
20. yz =In(x+ z), find- and-. ax ay 



~f5fT : I'iff5fT ' ji'if~ 
flj. § : !FfC~t¥(1 ) 

1. 	 The probability of a customer arrival at a grocery service counter in any 1 second is equal to 

0.15. Assume that customers arrive in a random stream and hence that the arrival any I second 

is independent of any other. 

(a) Find the probability that the first arrival will occur during the third I-second interval. (5%) 

(b) Find the probability that the first arrival will not occur until at least the third I-second 

interval. (5%) 

2. 	 Let the moment-generating function for Y be met) =!e l + ~e21 + 3 e31 . Find the distribution 
6 6 6 


of Yand its expected value and variance. (l 0%) 


3. 	 As a measure of intelligence, mice are timed when going through a maze to reach a reward of 

food. The time(in seconds) required for any mouse is a random variable Y with density 

function given by 

bl y>b
f(y)= ly2 ­

{ o 	 elsewhere 

where b is the minimum possible time needed to traverse the maze. 

(a) Show thatf(y) has the properties of a density function. (5%) 

(b) Find F(y). (3%) 

(c) Find P(Y> b + c) for a positive constant c. (2%) 

4. 	 A soft drink machine can be regulated so that it discharges an average of f.l ounces per cup. If 

the ounces offill are normally distributed with standard deviation of 0.3 ounce, give the setting 

for f.l so that 8-ounce cups will overflow 1 % of the time. (10%) 

5. 	 The length oflife(measured in hundreds of hours) Yfor fuses ofa certain type is modeled by 

the exponential distribution, with 

y>O 

elsewhere 

(a) If two such fuses have independent lengths of life, Y1 and Y2, find the joint probability 

density function for Yl and Y2 . (5%) 

(b) One fuse in (a) is in a primary system and the other is in a backup system that comes into 

use only if the primary system fails. The total effective length of life of the two fuses is then Y, 

+ Y2. Find P(YI + Y2 ::: 1). (5%) 



*pfT : I~pfT ' j(~* 
~13 : *1t~~(I) 

6. 	 (a) 1.;y 7~~fjr:p;!ft-£~¥.Hi ' fj£~fjr:ptH3mz7 25 ~t~~ , 4ij~mzff 5@t~* ' f~¥O 
25 ~f~~B'j¥~m1.;y 31.0 ' ~~~1.;y 2.0 f~~jtllt£jI!f~ti{1ir1~m~5t~c ' EtiKf9)5E0 

l!t¥~m~B~m- § 30.0 ' ~jif*tB.ftgf 0.27%~~~~( type I error)B'j~Wm(critical 
valure) (10%)0 

(b) EJ.!t~~C1j1!f¥.itEmz~~~£J, 1.0 ' 4'¥J::xmzff 5f~f~* ' 1~¥U-¥~m£J, 31.0 ' ~rp5 
:(f 1%B'j~~~~( type I errorff ' f9)5E~1jJ.!t~(tH3mzJ.!t 5f~tf*~)B'j~C1jt¥.itimz~ 

~m~:a~m-§~m 30.0? (15%) 

7. 	 1.;y 7~mHRM{JtJj~C1~~tiB'j~. ' Ifjgffi~tt1~*4r:pB'g-1~M1Jt ' llJf%=f1~~ctt19tl 
A ' B ' C ' ~~ .~1i::XB'j~6*3tDT*' ~jifrp~::f~B'j~~ctt19JJ~:aWt~.J.!t£jt~'ti 

mZ311~m? ~~gjtWHIIt~*4r~~~~~5t;ffrB'j~JjlH~~jt , a=0.01 (15%)0 

8. 	 1[~m'HIT~F~B'j~ ~~C1B'g~?iJi!!' ;!ft~~§fP}&Jj~J!~D¥Jjf$B'jtt$~~WMB'j , [ZSJ 

1.;yf~~J'tgJj~ 1000 A=XB'g~6* ' 382 AWM~J!~DB'jfjJf$ , 416 A::fWM ' J'tijtB'j 
5~1[~~ ~J;,Z~~t~B'jW~ , f~11fl1t¥&~B'jJ1.§$~:a~1i ' a=0.05 (10%)0 	 0 

http:7~~fjr:p;!ft-�~�.Hi


TABLE 3 NomIaJ. CW'IIe Areas 
TABLE ... Critical Values of r 

~ 
t. 

z .()(J .oj .02 .03 	 .04 .OJ .D6 .07 .Q8 . .09 

r. 100 	 r.•,o · t.OlS '.OIG '.001 d.f. 

This table isabridged rrom Table 1 or Slalis/ical T(J"'~s QlId Formula", by A. Hald (New York: John From "Table of Percentage Points of the ,.Distribulion." 

Wiley & Sons. Inc.• 1952). Reproduced by permission Or A. Hald and the publishers, John Wiley & Computed by Muine Mcrrington,B/ometrjlca, Vol. 32 (1941).
Sons,lnc. . · p. 300. Reproduced by permission of Professor E. S. Pearson. 
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1.363 
1.356 
1;350 
1.345 
1.341 

· 1.331 
· 1.333 

1.330 
1.328 

·1.315 

1.323 
1.321 
1.319 
1.3,8 
1.316 

1.315 
1.314 
1.313 
1.311 
1.282 

6.314 

2920 

2353 

2132 


2015 ' 
1.943 
1.895 
1.860 
1.833 

1.812 
1.'796 . 
1.182 
1.1'11 
1.161 
1.753 

1.746 
1.140 
1.734 
1,729 
1.115 

1.721 
1.711 
1.714 
1.711 
1.108 

1.106 
1.103 
1.701 
1.~99 
1.645 

12106 

4.303 
3.182 
2n6 

2571 

2.447 

2365 

2306 

2262 


2228 

2201 

2179 . 

2160 ' 

2145 

loBI 


2120 

2110 

2101 

2093 

2086, 


·2080 

2074 

2069 

2064 

2060 


2056 

2052 

2048 

2045 

1.960 

31.821 
6.965 
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TABLE 6 

¥. (d.f.) 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
,11 

12 
·13 
14 

f5 
16 
17 
18 
19 

20 
21 
22 
23' 
24 

25 
26 
27 
28 
29 

30 
40 
60 

120 
00 

Percentage Points ofthe F Distribution: GI = .05 

~ 
0 Fa 

., (df.J 

2 1 ,4 'S 6 

161.4 199.5 215.7 224.6 230.2 234.0 
18.51 19.00 19.16 19.2S 19.30 19.33 
10.13 . 9.55 9.28 9.12 9.01 8.94 
7.71 6.94 6.59 6.39 6.26 6.16. 

,6.61 5.79 -5.41 5.19 5.OS 4.95 
5.99, 5.14 4.76 4:53 4.39 ,4.28 
5.59 4.74 4.35 4.12 3.97 3.87 
5.32 4.46 4.07 3.84 3.69 ' 3.58 ' 

,5.12 .4.26 3.86 3.63 3.48 3.37 

4.96' 4.10 '~".71 3.48 ' 3.33 3.22 ' 
·4.84 3.98 3.59 l36 3.20 • 3.09 
4.75 3.89 3.49 ' 3.26 ' ,3.11 3.00 
4.67 3.81 ,3.41 3.18 3.03 2.92 
4.6Q 3.74 3.3:4 3.11 2.96 2.85 

4.54 3.68 3.29 3.06 2.90 2.79 
4.49 3.63 3.24 3.01 2.85 2.74 
4.45 3.59 3.20 2.96 . 2.81 2.70 
4.41 3.55 3.16 2.93 2.77 2.~ 
4.38 3.52 3.13 2.90 2.74' 2.63 

4.35 3.49 3.tO 2.87 2.71 2.60 " 
4.32 3.47 . 3.in 2.84 2.68 2.5~ 
4.30 3.44 3.05. 2.82, 2.66 2.55 
4.28 3.42 3.03 2.80 2.64 2.S3 
4.26 3.40 3.01 2.78 2.62 2.51 

. ,424 ,-3.39 2.99 2.76 , 2.60 2.49 
4.23 3.37 2.98 ' 2.74 2.59 2.,47 
4.21 3.35 2.96 2.73 2.57 2.40 
4.20 3.34 2.95 271 • 2.S6 2.45 
4.18 3.33 2.93 2.70 2.S5 i43 

4.17 3.32 2.92 269 2.53 2.42 
4.08 3.23 2.84 2.61 ' 2.45 2.34 
4.00 3. IS 2.76 2.S3 2.37 2.25 
3.92 3.07 2.68 2.45 2.29 . 2.17 
3.84 3.00 2.60 2.37 221 . 2.JO ' 

7 

236.8 
19.35 
8.89 
6.09 

'4.88 
4.21 
3.79 
3.50 
3.29 

3.14 
3.01 


, 2.91 

2.83 
2.76­

2.71 
2.66 
2.61 


. 2.58 

2.54 

2.51 
2.49 

' 2.46 
2.44 
2.42 

2.40 
2.39 
2.37 
2.36 
2.35 

2.33 
2.25 
2.17 
2.09 
2.01 

'8 

238.9 
19.37 
US 


. 6.04 


4.82 

4. IS 

3.73 

3.44 

3.23 


3.07 
2.95 
2.85 
2.77 
2.,70 

2.64 
2.S9 
2.55 
2.51 
2.48 
2.45 
2.42 
2.40 
2.37 
2.36 

2.34 
2.32 
i31 
2.29 
2.28 

2.27 
2.18 
2.10 
2.02 
1.94 

9 

240.5 
19.38 
8.81 
6.00 

4.77 
4.10 
3.68 
3.39 
3.18 

3.02 
2.90 
2.80 
2.71 
2.65 

2.59 
2.54 
2.49 
2.46 
2.42 

' 2.39 
2.37 
2.34 
2.32 
2.30 

2.28 
- 2.27 

2.25 
2.24 
2.22 

i21 
2.12 
2.04. 
1.96 
1.88 

TABLE,S (Continued) 

", (d.f.) 

/2010 12 IS 20 24 .w 4() 6(J • 00 ' ". (d. 

. 241.9 243.9 245.9 248.0 249.1 2SO.1 251.1 252.2 253.3 254.3 I 
19.40 . 19.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49 19.5O 2 
8.79 8.74 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.53 3 
5.96 5.91 5.86 S.80 5.77 5.75 .. 5.72 ' 5.69 5.66 5.63 4 

4.74 4.68 4.62' 4.56 4.53 4.SO 4.46 4.43 4.40 4.36 
4.06 
3.64 

4.00 
3.57 

3.94 
3.51 

3.87 
3.44 

3.114 
3.41 

. , 3.81 
:U8 

3.77 
3.34 

3;74 
3.30 

3.70 
3.27 

3.67 
3.23 I 

3.35 
3.14 

3.28 
3.07 

3.22 
3.01 

3.15 
2.94' 

3.12 
2.90 

3.08 
2.86 

3.04 
2.83 

3.01' 
2.79 

2.97 
2.75 

2.93 
2.71 

S 
S 

2.98 2.91 2.85 ~77 2.'14 2.70 2.66 2.62 2.58 2.54 1( 
2.85 2.79 2.72­ 2.65 2.61 2.57 2.S3 2.49 2.45 2.40 11 
2.75 2.69 2.62 2.54 2.51 2.47 2.43 2.38' 2.34 2.30 1. 
2.67 2.60 2.53 2.46 2.42 2.38 2.34 2.30 2.2S ,2.21 1: 
2.60 ' 2.53 2.46 2.39 2.35 2.31 2.27 2.22 2.18 2.13 14 

2.54 2.48 2.40 2.33 2.29 2.25 c 2.20.. 2.16 ' 2.11 2.07 1~ 

2.49 2.42 2:35 , 2.28 2.24 2.19 .' 2.15 2.11 2.06. 2.01 ' If 
2.45 2.38 2.31 2.23 .2.i9 2.15 ' 2.10 2.06. 2.01 1.96 Ii 
2.41 2.34 2..27 2.19 2.15 2.11 2.06 2.02, 1.97 1.92 IE 
2.38 2.31 2.23 2.16 2.11 2.07, 2.03 1.98 1.93 1.88 IS 

2.35 
2.32 

' 2.28 . 
2.2S, 

2.20 
,2.18 

2.12 
2.10 

2.08 
iM 

2.04 
2.01 

1.99 
1.96 

.
1.95 
1.92 

. 1.90 
1.87 

1'.84 
1.81 

2( 

21 
2.30 2.23 2.15 2.07 ' 2.03 1.98 1.94 1.89 1.84 1.78 :z: 
2.27 2.20 2.13 2.OS 2.01 1.96 1.91 1.86 1.81 1.76 2, 
2.25 2.18 2.11 2.03 1.98 U4 1.89 1.84 1.79 1.73 2l 

2.24 2.16 2.09 2.01 1.96 1.92 i.87 1.82 1.77 1.71 2! 
2.22 2.15 2.07 1.99 .1.95 1.90 1.85 1.80 1.75 '1.69 :u 
2.20 2.13 2.06 1.97 1.93 1.88 1.84 1.79 h73 1.67 To 
2.19 2.12 2.04 t96 1.91 1.87 1.82 1.77 1.71 1.65 21 
2.18 2.10 2.03 1.94 1.90 1.85 1.81 1.75 1.70 '1.64 ~ 

2.16 2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.68 1.62 J( 

2.08 2.00 1.92 1.84 1.79 1.74 1.69 1.64 !.S8 1.51 4( 

1.99 1.92 1.84 1.75 1.70 1.65 1.59 IS), 1.47 1.39 61 
1.91 1.83 1.75 1.66 1:61' 1.55 ISO 1.43 1.35 1.25 12( 
1.83' 1.75 1.67 1.57 1.52 1.46 1.39 1.32 1.22 1.00 00 

From -rabIes of Percentage PoinlS of the Inverted Beta IF) Distribution, ~ BWIIlerrikn, Vol. 33 (194 
pp. 73-88, by M8lIinc !l«mington and catherine M. Thompson. Reproduced by pcnnission of Prof_ 
E. S. Pearson., . 
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TABLE 7 Percenlage POinl3o/the F DislribuJkm;a. = .01 _ 

~ 
OF.'

Ill. 

" (dr.) 

v. (dr.) _. 2 3 4 S 6 

. 1 4052 4999,5 5403 5615 5764 SS59 
2 98.50 99.00 99.17 99.25 , 99.30 99.33 
3 34.12 30.82 29.4(; 28.71 28.24 27.91 

,4 . 21.20 18.00 16.69 15.98 15,52 15.21 
·5 16.26 13.27 12.06 11.39 . 10.97 10.67 
6 .l3.7S 10.92 9.78 9.15 8.75 8,47 
7 12.25 955 8.45 7.85. 7.46 7.19 
8 11.26 8.65 7.59 7.01 6.63 (j.37
9 10.56 8.02 6.99 6.42 6.06 . 5.80 

10 10.04 7.56 .• 6,55 5.645.99 5.39 
11 9.65 7.21 6.22 5.67 5.32 5.C17 
12 9.33 693 595 5.41 5.06' '4.82 
13 ·9.07 6.10": . 5.74. 5.21 4:86: 4.62 
14 8.86 6.51 5.56 5.04 4.69 . 4.46 

. 15 8.68 6.36· 5.42 4.89 4.56 4.32 
16 8,53 6.23 5.29 4.77 4.4<J 4.20 
17 8.40 6.11 5.18 4.67 4;):oi . 4.10 

8.29 .18 6.01 5.09 4,58 4.25 4.01 
19 8.18 5.93 5.01 4.50 4.17 3.94 
20 8.l0 5.85. 4.94 4.43 . 4.10 3.87 

·21 8.02 5.78 4.87 4.37 4.0:$ 3.81 
.22 7.95 5.72 4.82, 4.31 3.99 3.76 

23 7.88 5.66 4.76 4.26 3.94 3.71 
.24 7.82 5.61 . " 4.72 4.22 3,90 3.67 

25 7.77 557 4.68 . 4.1S 3.85 3.63 
26- 7.72 5.53 4.64 4.14 . 3.82 l59 
27 7.68 5.49 4.60 4.11 3.78 3,56 
28 7.64 ·5.45. . 4.57 4.07 3.75 3,53 
29 7.60 5.42 4,54 4,04 3.73 3.50 
30 7.56 5.39 4,51 4.02 3.70 3.47 
40 7.31· 5.1S 4.31 3.83 3.51 3.29 
60 '7.08 4.98 4.13. 3.65 3:34 3.12 

120 6.85 4.79 3.95 3.48 3.17 296­
00 6.63 4.61 3.78 3.32 3.02 280 

7 

5928 
99·36 
27.67 
1498 

10.46 
8.26 
6.99 
6.18 
5.61 

5.20 
4.89 
.4.64 
4.44 
4.28 

4.14 
4.03 
3.93 
3.84 
3.77 

,3.70 
3.64 
3.59 
3.54 
3:50 

3.46 
3.42 
3.39 
3.36 
3.33 

3.30 
3.12 
295 
2.79 
264 

8 

'5982­
. 99.37 

27.49 
14.80 

10.29 
• 8~10 

. ~g.. 
.6.03 
. S.!,7 

5.06 
4.74 

·.4.50 
4.30 
4.14 

4.00 
3.89 
3.79 
3.71 
3.63 

l56 
3,51 

"3.45 
3.41 
3,36 

3.32 
3.29 
3.26 
3.23 
3.20 

3.17 
299 
2.82 
2.66' 
2.51 

Ii 

6022 
" 

99.39' 
27.35 
14.66 

10.16 
7.98 

.··6·77 
5.91 

• 5.35 

4.94 
4.63 
4.39 
4.19 
4.03 .. 

3.89 
3.78 
3.68 
3.60 
3.52 

3.46 
3.40 

.3.35 
3.30 
3.26 

3.22 
3.18 
l15 
.~..!J 

. 3.09 

3.07 
2.89 

. 2.72 
256 
2.41 

TABLE 7 (Continlled) 

99.40 99.42 99.43 99.45 99.46 
27.23 ·27.05 26.87 . 26.69 26.60 
14,55 14.3.7 14.20 14.02 13.93 

" (d.r.i 

60 . 

6OS6 6106 6157 6209 6235 6261 6287 6313 6339 6366 1 

10 12 IS 20 24 30 40 120 <0 'l(d 

99.47 99.47 99.48 99.49 99.50 '. 2 
26.50 26.41, 26.32 ' 26.22 26.13 3 
13.84 ' 13.75 13.65 13.56" 13.46' 4 

9.38 9.29 9.20 9.11 9.02 ~ 
7.23 7.14 7.06 697 6.88 E 
5,99 591 " 5.82 5.74 5.6S i 
5.20 5.12 5.03 4.95 . 4.86 ~ 
4.65 4,57 4.48· 4.40 4.31 <; 

4.25 4.17 4.08 4.00 3.91 IC 
3.94 '3.86 3.78 3.69 3.60 11 


: 3.70 . 3.62 3.54 . 3.45 3.36 1:; 

3.51' 3.43 3.34 3.15. . 3.17 13 

3.35 3.27 3.18 3.09 3.00 14 

3.21 3.13 3.05 2.96 2.87 1~ 
3.10 3.02 2.93 2.84 2.75 f{ 
3.00 2.92- 2.83 275 2.65 Ii 
2.92- 2.84 2.75 2.66 2.57 U 
2.84 2.76 2.67 2S8 2.49 IS 
2.78 2.69 2.61 2.52 2.42 2( 
2.72 2.64 2.55 246 2.36 21 
267 2.SS 2.50 2.40 2.31 2:i 
2.62 2S4 245 235 2.26 2.:' 
25S 2.49 ·240 231 2.21 2A 

254 245 236 227 2.17 ~ 
·2.50 2.42 2.33 2.23 2.13 2f 
2.47 2.38 229 2.20 2.10 2i 
2.44 235' 2.26 217 .2.06 ~ 
241 233 . 2.23' 2.14 2.03 2S 
239 230 221 . 211 2.01. 3( 

220 2.11 2.02 1.92 1.80 4( 

2.03 1.94' 1.84 1.73 1.60 6( 

1.86 1.76 1.66 1.53 1.38 12( 
1.70' 1.59 1.47 1.32 1.00 00 

10.05 9.89 '9.72 
7.87 7.72 7.56 
6.62­ 6.47 6.31 
5.81 5.67 '5,52 
5.26 5.11 4.96 

4.85 4.71 4.56 
4.54 4.40 4.25 
4.30 4.16 4.01 
4.10 3.96 3.82 
3.94 3.80. 3.66 

3,80 3.67 3.52 
3.69 3,55 .3.41 
3.59 3.'\6 . 3.31 
3.51 3.37 3.23 
3.43 3.30 3.15 

3.37 3.23 3.09 . 
3.31 3.17 3.0J' 
3.26 3.12 2.98 
3.21 3.07 2.93 
3.17 3.03 289 

'3.13 2.99 285. 
3.09 2.96 2.81 
3.06 2.93 .278 
3.03' 290 275 
3.00 2.S7 2.13 

298 2.84 270 
2S0 2.66 2.52 
263 2.50 2.35 
2.47 234 219 
232 2.18 204 

9,55 9·'F 
7.40 7.-31 
6.16 6.07 
5.36 5.28 
4.81 4.73 

4.41 4.33 
4.10 4.02 
3:86 3.78 
3.66 3.59 
3,51 3.43 

3.37 3.29 
3.U 3.18 
3.16 3.08 . 
3.08 ...... '··3.00 
3.00- " . 2.92­

2.94 2.86 
2.88 . 2.80 
2.83 . 275 
2.78' . 2.70', 
274 ' 2.66 

270 262.. 
2.66 2S8 
263 2.55 
260 252 
257 . 249 

255 2.47 
2.37 2.29 
2.20 2.12 
2.03 195 
1.88 1.79 
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