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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 1(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%)

(¢) 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 capacitics
Resources Plant 1 Plant 2 Plant 3 Plant4 Market

Plant A B C Margin Plant 1 - $7 (00) 84 (c0) 34 (20) -
Plant 1 2 4 2 $40 Plant 2 - - $3 (30) 83 (40) -
Plant 2 3 2 3 $30 Plant 3 - - - - 85 (50)
Plant 3 2 3 4 $40 Plant 4 - - $2 (o0) - %5 (c0)
Plant 4 2 3 3 $20 Note: — unavailable path; (-) path capacity

Available 280 320 300

amount
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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 D, be random demand at day n
with probability P(D, = k) =di, k= 0,1,2,.... Dy, D,,... 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 X,, be inventory level of the product at the end of day n. {X,} is a Markov chain.

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

(b) Assume that {X,} has steady state distribution lim,_,, P(X, = 1) = m;, express
the following terms in terms of $M, $b, $h, m;,i =0,1,2,...

e Average inventory level. (% 5)

o Average unmet demand per day. (% 5)

e Average replenishment order size.(% 5)

e 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 probabilitics. (% 5)
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A-l: (15%) % —TBERABRZRELEA - BREEL - 22 A -BRfgEarmEr
BUAEFRMSANAEOS RO I REERERRIFZERLTA -A-BHMgE
B BMAEERATH A0 A0 —HAERE—FZEMFRRAREASS - LHRHG
GBEZERA S0 I F o FARDMMEAAZBRET  RGEHREFEMA A4 EHT

BARE R -
1 2 3 4
A 300 600 700 400
B 800 800 1000 600

A2(IS%E TR — R IEREBTESRZWIAE BB LR BURFRSZRES

WSS RZIEL  RHLEHPHIEARE S TEMZHRAESY - SHERA LS E

RIEARABHSI000 Bodit | F X —FNARBRAAEZBAO LKA 2 K%
en{;{'x

TRERMAIE  BRATH - FRE D REE S B2FRSR(PU =0 =T
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0.0498 0.1494 0.2240 0.2240 0.1680

A-3:(10%) 41 # F 512 B 4% 542 P83 24 CRcritical ratio)sE | RAZHEA- » B3t H A 4P
Z AR -

T 1k 1 2 3 4

1k ¥ 3 R 5 8 14 6
# # 8 12 25 42 20 18
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1. Part B3R M A FIME M L P4 FEMER  B-12B-4) SHABMFAR ' B-5£B-9) -
2. BsEMEMSH(E209) » MiBMEHEH(3L3049) © Part BE&¥504 -

3. BB ARSI NERES  HBBARSEHAHSY -

B-1. (R&8) XAFFEHEEERERESNEL  ZERSENERERKFIE
2,000 } 2,400 - 4 - NESENENHEERRBENZERL - S EE=ENE
EfEBURF AR ¢ 1.2,0.7, 0.8 o {KIRRIER]  GETEEENSRES -

(A)780  (B)910  (C)2080  (D)3120  (E) 3640

B-2. (Ri8M) 7EREMAURHEAPIRIPEEL - Tl HE T BRR , WESRREEL?

(A) Reverse Engineering (B) Mass Customization
(C) Quality Function Deployment (D) Remanufacturing
(E) Service Blueprint

B-3. (Ri88) FHERIBRE R — A M REGEREE - BB e s - —asE
FEERERE  —HEBREM2RERE > —HERBERER UK ISR
TR o TR B A S B R e R A S R S ALY

(A) Product Layout (B) Fixed-Position Layout  (C) Process Layout

(D) Cellular Layout (E) U-Shaped Layout

B-4. (R&88) FNFIEEERBAMEE TRIOMEE - ARE R ERFSE B AEREMES
BEARER - FRNRREE © (DBGERAE - QEMEAE - QRERL: - (B TEMKE -
)R BEFEESN - IKRATE LERER - RITFIF G EMAEREES?

(A) Locational Cost-Profit-Volume Analysis  (B) Center of Gravity Method

(C) Closeness Rating Method (D) Transportation Model

(E) Factor Rating Method

B-5. (Hi&M) T FIfa[REHE HE ] DAR (I HIEA e B (RO BURIfE R L ) ?
(AVERB BTG IREIF =L Av)/n) » BIRTH n B

BYERIMEREN TISETHIF(a Auit B At v A) » HIREEEFTREE © a+B+7=2.00
(CYERBEET R ETRNESF ot a (Au-Fu) - IIFTRFRE RS o HEiE/
DFEREREESEIN(F=a+bt) - BT a R

(EYHIiF MAD fE 5 MSE fER

B-6. (M8 M) FAEGEVUGHRER A 4 ESGEEM B - RAKSGEERIINE © #5285 A 41
TERAFE$20,000 JT/F5 0 EESH B HUBEIRARTS$50 Jo/M: - SUHE TREES 20 /INKE/f4: » BRE8 A
SERRAE TR 2,000 /NEF/£& - BEER AR RERE 20% AN RIS ReEm i -

oo B FEHEER 96 {4 - Tl ErE?

AVERFHEEZ T IS ANERER 24

(BYEAEHERC T » AEA FEREECORES 24,800 7T

OVEREHERC T » BEAESERAE 44,800 7T

DyEREHREZT » HEMESTE 500 70/ > B M4 2,000 7T

(BYSEFHE RS TEZIESTE - QS 383.33 ¢
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B-7. (Hi8M) KB TRERLHEEER B BRI EARERAIE () AL HERE TIE -
HR TR EREA AR - QBRI TIEHNHERE - Q)N ERPIT LIEL - (4)
BAE BT (Task)Y TERFEI AR AT B8 © KR Bl BEDR ZZHE R A R TER R
HEEZT  EERETYIEREARGR -

Task Task Time Immediate

(5385 Followers
0.2
04
0.3
1.3
0.1
0.8
0.3
1.2 -
(AWEZET d FELHNE sk (BYWEZET f FELHENE—E T IEs:
(CYEF—{E TR E R £30.200 88 (D)8 TAERGA(EE FH SR 123%100%
(E)EFRINTRREE46058 - A4 ESSRERSNI80E

B-8. (M8 M) F{f A QT BTHELEE  WEGRBEARNT - T A NEATHRE
antk - T A BISEFRSRESR 30,000 14 HAEESECR B ERFERM A BEMER BRRE -
LA B BB RS 5,000 T/ - FHEFHE A EFERASEEBIFARISER 5% -
TR FHIAME SRS AR R 2,000 T4 - LB ER - B HEEERERS HIRFEER
HI=1% - BHELL 250 fE TAEREH R - RMTEREAERLEASEET - A N IRGRATEIERE?

(A)FEF A GRS EHLE AR 2,000 4

BYFEFEFAAN 70,000 7T - HERRAZ FEERARRIRGS

(C)F A By RHFRAN 1,000 {4

D)y - F A BREERBUSE TIFREAY 33.33%

(EAFRMUEERL 2T - WREBEFER 0

B-9. (L8 M) HFE MRP BB % & | AR 6 HIHFHKEMKFE 1 20, 70, 30, 60, 50,
40 - 4 Fixed-Period Ordering 5%, Fixed-Quantity Ordering ;i EIREEN Lot Size » HI T3l
&5 1 HAEE 6 {2 Planned-Order Receipts {a] & 1EHE?

(A)#R Fixed-Period Ordering HE&=HAFKT : 0,0, 120,0,0, 150

(B)& Fixed-Period Ordering H#&=fAFFKT : 120,0,0, 150,0,0

(C)fR Fixed-Period Ordering H #& “HAFEK™T 0, 90, 0, 90, 0, 90

(D) Fixed-Period Ordering H¥& “HITEK R £ 90,0, 90,0, 90,0

(E)YER Fixed- Quantity Ordering H #RIL &S 150 T  150,0,0, 150,0,0
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1. The term "inverse demand curve" refers to
(A) the demand for "inverses.”
(B) 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
(B) 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 $10 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
(B) 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 - 500p, 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
(B) $1
(C) $2
(D) %4
5. On a linear demand curve, the lower the price,
(A) the elasticity equals -1.
(B) 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"
(B) acquire more "x" only if they do not have to give up any "y"

ne,

(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 = NFxC

the marginal rate of substitution of clothing for food equals

(A)-FIC  (B)-CF  (C)-NCF  (p)-~JFC
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8. An inferior good exhibits
(A) a decline in the quantity demanded as income rises
(B) a downward sloping Engel curve
(C) a negative income elasticity
(D) All of the above
9. What is the primary difference between the substitution and the income effect of a price change?
(A) The substitution effect holds income constant and the income effect holds utility constant
(B) 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
(D) 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 of technical substitution
(B) an increasing marginal rate of technical substitution
(C) a marginal rate of technical substitution that cannot be determined
(D) a constant marginal rate of technical substitution
11. Let the production function be g=ALaKDb. Returns to scale are equal to
(A)a+b @®B)La+Kb (©a*b ((D)A*L
12. Suppose the short-run production function is q = 10 * L. If the wage rate is $10 per unit of labor,
then MC equals
(A)g/10 B)g (O (D) 10/q
13. Assuming that w and r are both positive, if the long-run expansion path is horizontal, then
(A) MRTS is a function of capital only
B)w=r
(C)MP=0
(D) All of the above
14. If all conditions for a perfectly competitive market are met
(A) firms demand curves are horizontal
(B) the market demand curve is horizontal
(C) firms face sunk cost when entering the market
(D) the firms' demand curves are downward-sloping
15. Producer surplus equals
(A) total revenue minus total variable cost
(B) profit plus fixed cost
(C) total revenue minus the sum of all marginal cost
(D) 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

(B) Excess supply
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(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) business 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) If I 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) If I 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?
(A1 (B)Y02 (G0l (D)yo.s
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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(B) 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, regardiess 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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G2 TTRE RS BT -

8. FHBHFELAT thERFR 2012.1.27 HOUHREREIZ RRE:


mailto:1:E~ml1z�~t)&ft~~::tJZfS{I@~8f.J@~Z'"f

% 7*&‘(:,&; 7 "

NI EMRBEKE R T -
TN 101 BEEECSELEREIREERRAE se ses)

LEBHEHBEF YL AMBTHSARFNARLERRBERD FFREH
ME@E "THRETRAR, Ad ST TERATELEHBBRMNELRE—0—m
R EERAEEEEES R TRIEBEVHTREFLR  THRABREARZ
HEREHE (QE3) 2o aitth - HHMEGRA T TITRELAA ERL K+ N\E
A'AZ-o—w4 k& - 254847 "RBC Capital Markets ;| £ B & /F & B LRk
(Tom Porcelli) #5th > BRABES "R T, » HAHEZRLERKERE A&
e

(a) SHRIRFRUERESRIT IR L AT T R AL BIRRBCR? (21) CEER 10 FLIR)
(b) FfEIRR T B BRSO SHERLE LA 2 (E LT S UM TT LAB BT AIR TG 7 1:7422),
() SRR T RBCR BRI E R B RN B 24) -

9. LUT{E/#8E 2011 455 BRI 21515 = T. Sargent BRFSET R BRFC R B THERE: (253 (G
B A, i, il 3 iv)

i) DU TREIRIEL SR AR AR R Al

ii) {5 A1 £ B FGERR(vector auto-regression) Rt THRES AR FHEAY FHTZ 8

iii) MTHHIE BT B SR

iv) FEFIHhAR R —REERR



http:1--t~ljn.it

2 | HEt > B

N &I E MR KE RFR TR - SEEAT
N 101 BEEECTEECAREIBESAGE e #Hs

SHAERRSE 20 )8 B 5 57

1. Please solve the inequality lx - Il - ]x - 3] 25

3xl+ax+a+3

2. Find the value of a such that the lim > exists.

=2 xT4x-2

3. Forafunction f(x)=x?-x-4,please find anumber § such thatif Ix - 2] < ¢ then

|fx)+2| <.

4. Find the limit lim( L _ 3 1 J
X2 x—2 X —3X+2

5. Please find the normal line of the tangent for equation x> +xy+ y* =3 at point (1, 2).
6. Find the limit value of lim S *1)_
=>-1x® -2x-3

7. Aboat 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
m/s, how fast is the boat approaching the dock when it is 8 m from the dock?

8. Iff2)=8and f (x)>5 for 2<x<6,how small can the f{6) possible be?

9. Using Newton’s method to find a root of the equation x° = 5x — 2. Calculate two iterations.

10. Find the limit value of lim(xe"* - x).

XD

11. Find the sum of the series 1+ Z(—l)"( ¢ J
n=|

n!
) . . - (2n)!
12. Find the radius of convergence of the series Z )’ X
n=1 n:
13.Find |7 05 gy
% 1+cosx

14.If f(x)=x+x"+e* and g(x)= f"'(x), find g’(1).
15. Find j‘“m—dx‘? ve 1
0 e"+8

16. Find j"ol?j—f-dx
X

17. y'+y =/xe ™, y(0) = 3, find y(x)
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18. Find ﬂ;} (x* + y*)**dA , where D is the region in the first quadrant bounded by the lines y = 0

and y = +3x and the circle x? + y? =9

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

f(x,y,z) = 1[1()&:))223) s (1'29'3)

20. yz=In(x+2z2), ﬁnd% and%.
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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 1 second
is independent of any other.

(a) Find the probability that the first arrival will occur during the third 1-second interval. (5%)
(b) Find the probability that the first arrival will not occur until at least the third 1-second
interval. (5%)

Let the moment-generating function for Y be m(r) = %e‘ + %ez‘ + —263" . Find the distribution
of Y and its expected value and variance. (10%)

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 ¥ with density
function given by

b
f(y)={/é/2 yab

elsewhere

where b is the minimum possible time needed to traverse the maze.
(a) Show that f{y) has the properties of a density function. (5%)

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

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

A soft drink machine can be regulated so that it discharges an average of u ounces per cup. If
the ounces of fill are normally distributed with standard deviation of 0.3 ounce, give the setting

for 4 so that 8-ounce cups will overflow 1% of the time. (10%)

The length of life(measured in hundreds of hours) Y for fuses of a certain type is modeled by
the exponential distribution, with

) ={@e y>0

0 elsewhere

(a) If two such fuses have independent lengths of life, ¥, and >, find the joint probability
density function for ¥; and Y>. (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 ¥;
+ Y5, Find P(Y; + Y2 < 1). (5%)
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() BT HEREPE—SERE - (CBRR P HEUT 25 4BKEAE - SAHEUE S EEE - 53
25 SARABAYIIE R 31.0 0 R 2.0 - Bt ERHERSERIE - ETIRE
IPEE TS BAEE 30.0 » 30RH 08T 0.27%%1— 3435 type I error)#YEE S {E (critical
valure) < (10%)

(b) E—mBERHEEZEEER 1.0 SEXRIUE S A - SEIF9ER 31.0» FH
£ 1%H5I—ZR7=( type L error) T » 188 SRR LA (RERULE 5 MRS B B EE T
HEZEEFNBEEE 3007 (15%)

R TIRFERIBOTE B RIS - TRRANSH R ey —(Ekty - e =1EasEctLpl
A-B-C EZHERARNERO TR  FHEAENHICLAR S SRSt B It
HZP9E? BEATIERT S 2 RBO IS IREEL - a=0.01 - (15%)

Bl il A B C

SEHE  30.5(30.7(30.9(31.1/30.2(29.8130.4|29.9|30.3/30.6 |31.1|31.0{31.2{31.2{30.9

AR BT AP TR HE A S VEERE - FEREE TS S A O AR LR i Rl
FiRE EEARE 1000 AREVEER » B 382 NERETFIROREL - 416 ARNER - HErHY
BREER - BUGGTENER > mELHENITSRESTEE » 0=0.05 - (10%)
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TABLE 3 Normal Curve Areas

z .00 0f 02 03 T4 05 06 07 08 09
00 0000 0040 0080 0120 0160 0199 0239 0279 0319 0359
01 0398 .0438 . .0478 0517 0557 .0596 0636 0675 0714 .0753
02 0793 0832 0871 0910 .0948 0987 1026 .1064 .1103 .1141
03 1179 1217 1255 1293 L1331 1368 .1406 .1443 .1480 1517
04 1554 1591 1628 .1664 1700 1736 .1772 .1808 .1844 .I879
05 1915 1950 1985 2019 2054 2088 2123 2157 2190 2324
06 2257 2291 2324 2357 2389 2422 2454 2486 2517 2549
87 2580 2611 2642 2673 2704 2734 2764 2794 823 2852
08 2881 2910 2939 2967 2995 3023 3081 3078 .3106 3133
09 3159 3186 .3212 3238 3264 3289 3315 .3340 3365 3389
L0 3413 3438 3461 3485 3508 3531 3554 3577 .3599  .3621
L1 3643 3665 3686 3708 3729 349 3770 3790 3810 3830
12 3849 3869 .388% .3907 .31925 3944 3962  .3980 23997 4015
13 4032 4049 4066 4082 4099 4115 4131 4147 4162 4177
14 4192 - 4207 4222, 4236 4251 4265 4279 4292 4306 .4319
L5, 4332 4345 4357 4370 4382 4394 4406 4418 4429 4441
16 4452 4463 4474 4484 495 4505 4515 4525 4535 4545
L7 4554 4564 4573 4582 4591 4599 4608 4616 4625 4633
18 4641 4649 4656 4664 4671 4678 4686 4693 4699 4706
19 4713 47119 4726 4732 4738 4744 4TS 4756 4761 4767
20 4772 4778 4783 4788 4793 4798 4803 4808 4812 4817
21 4821 4826 4830 4834 4838 4842 4846 4850 4854 4857
22 4861 4864 4868 4871 4875 4878 4881 4884 4887 4890
23 4893 4896 4898 4901 4904 4906 40090 4911 4913 4916
24 4918 4920 4922 4925 4927 4929 4931 4932 4934 4936
25 4938 4940 4941 4943 4945 4946 - 4948 4949 4951 4952
26 4953 4955 4956 4957 4959 4960 4961 4962 4963 4964
27 4965 4966 4967 4968 4969 4970 4971 4972 4973 4974
28 4974 4975 4976 4977 4977 4978 4979 4979 . 4980  .4981
29 4981 4982 4982 4983 4984 4984 4985 4985 4986 .4986
30 .4987 4987 4988 4988 4989 4989 4989 4990 4990

4987

This table is abridged from Table 1 of Statistical Taubles and Formulas, by A. Hald (New York: John
Wiley & Sons. Inc., 1952). Reproduced by permission of A. Hald and the publishers, John Wiley &

Sons, Inc.

TABLE 4 Critical Valuesof ¢

LYYy foso toas Loia Loos daf.
3078 6314 12706 7 31821 63.657 1
1886 2920 4303 6.965 9925 2
1638 2353 3182 4541 5341 3
1533 2132 2776 3747 4.604 4
1476 2015 25m 3.365 4032 s
1440 1943 2447 3.143 3707 6
1415 1895 2365 2998 3499 7
1397 1860 2306 2895 3355 8
1383 1.833 2262 282t 3.250 9
1372 1812 2228 2764 3169 10
1363 L1796 2201 2718 306 11
1356 1782 2179 . - 2681 3055 12
135 17 2160 ~ 2650 3012 13
F1M5 1761 2145 2624 2917 14
1341 1753 2131 2.602 2947 15
T1331 1746 2120 . 2583 2921 - 16
01333 1140 2110 2567 2898 17
1330 17M 2101 2552 2878 18
13282 L7 2093 2539 2861 19
1325 1728 2086, 2528 2845 20
1323 12 2.080 2518 2831 21
1321 1717 2074 2508 2819 22
1319 1714 2,069 2.500 2807 B
1318 1711 2064 T 2492 2797 24
1316 1708 2060 2485 2787 25
1315 1706 2056 2479 2779 26
1314 1703 2052 2473 2m
1313 1701 2048 2467 2763 28
1311 1699 2045 2462 27% 28
1282 1645 1960 2326 257  inf

From “Table of Percentage Points of the r-Distribution”
Computed by Maxine Merrington, Biometrika, Vol. 32 (1941),

. Pp. 300. Reproduced by permission of Professor E. S. Pearson.
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TABLE 6 Percentage Points of the F Distribution; a = 05

vy (df)

H

2

3

-8

9

i

sE2ss BHNRE YU

8 WHRDIAGR BWN=O VW0 WN WA

[
-

1614 1995 215.7 246 2302 2340 2368 23389 2405 |

18.51

10.13 -

m
6,61

599.
- 559

532
_5.12

496’

434
C 475
4.67
4.60

454
449
445
441

. 438

4.35
4.32
4.30
428
436

© .4

423
421
4.20
418

4.17
4.08
400
3192
334

19.00
955
694

51
514
4.74
446

426
410 -

398
389
381

314

3.63
363
359
355

35

349
347
34
342
3.40

~3.39

337
335
334
133

3

323
115
307
3.00

19.16
9.28
6.59
541
4.76
4.35

19.25
9.12
639
519
453
412
184
363

348 .

336

326

318

k3§ I

306
301

296 .

293
290
287
2384

282.

280

218
276 .

274
273
mn
270

269
261
253
245
237

19.30
9.01
6.26

5.08
439
397
3.69
348

0333
-320 -
3

303
296
290
285
281
27

274

27
268
266

264

262

259
257

255
253

1245

237

T

1933
894

6.16.

495
428
387

© 358 -

337

n -

309

300 .

19.35.
8.89
6.09
488
421
KN
3.50
39

AT

301
291
283

27

2N
2.66
261

. 258
254

251
249

246

24
242

240
229
23
236
235

233
225
217
209
201

19.37
8385

T 604

482
415
373
344
323

© 307

295
285
277
270

264

259
255

2.51
248

245

242
240
237
236

234
232
231
229
228

7
218

‘210

202
194

19.38
8.81
6.00

477
4.10
3.68

. 339

318

3.02
290
2380
27
265

259
2.54
249
246
242

239
237
234
232
230

228

T a

225
224
222
22
212

© 204

196
1.88

TABLE. 6 (Continued)

v (dL)
10 12 15 20 24 30 40 60 120 o - w{d
L2419 2439 2459 2480 2490 2500 25101 2522 2533 2843 1
1540 . 1941 1943 1945 1945 1946 1947 1948 1949 1950 2
879 874 87 866 864 862 859 857 855 853 3
596 591 586 580 577 575 U572 569 566 563 4
474 - 468 462 456 453 430 446 443 440 436 s
406 400 394 387 384 381 377 ¥ 370 367 ¢
364 357 351 344 341 338 334 330 327 323 7
335 328 322 315 312 308 304 301 297 293 £
314 307 301 294 290 286 28 279 275 M §
298 291 . 285 277 274 270 266 262 258 254 AC
285 2719 27r 265 261 257 253 249 245 240 1
275 269 262 254 251 247 243 233 2M 230 I
267 260 253 246 242 238 2 230 228 221 12
260 -25 246 239 235 231 227 2220 218 213 M4
254 248 240 233 229 225 ° 220 - 216 211 207 1
249 242 235 228 224 219 215 211 2060 201 - ¢
245 238 231 223 219 215 - 210 206 201 196 5
241 234 227 219 215 21l 206 . 202- 197 192 1f
238 231 223 216 211 207, 203 198 193 188 IS
235 228 220 212 208 204 199 195 " 190 IB4 X
T232 225 .218 210 205 200 196 192 187 181 2
230 223 215 2077 203 198 154 189 184 118 X
227 220 213 205 201 19 191 186 181 176 2
225 218 211 203 198 194 189 184 LW 173 ¥
224 216 209 201" 19 192 187 182 .77 1M %
222 215 207 199 195 19 185 - 180 LIS 169 2«
220 213 206 197 193 188 184 179 L73 167 2
219 212 204 196 191 187 182 177 1M 165
218 210 203 194 190 185 181 175 170 164 X
216 209 201 193 189 184 179 14 168 162 A
208 200 . 192 184 179 174 169 164 . 158 151 &
199 192 184 175 L70 165 159 153 147 139 &
191 183 175 166 L6l 155 150 143 135 125 1
183 175 157 152 146 139 132 122 100 o

167

From “Tables of Percentage Points of the Inverted Beta (F) Distribution,” Biometrika, Vol. 33 (194

pp- 73~88, by Maxinc Merrington and Catherine M. Thompson. Reproduced by permission of Profess

E. 8. Pearson..
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TABLE 7  Percentage Poirnts of the F Distribution; a = 01 -

TABLE 7 (Continued)

v (d.f.i
10 12 15 20 ¢ 30 @ 60 12 ©  v(d
af 6056 6106 6157 6209 6235 6261 6287 6313 6339 6366 1
A @ 9940 9942 9943 9945 9946 9947 9947 9948 9949 9950 - 2
: - X 2123 - 2105 2687 2669 2660 2650 2641 2632 262 2613 3
n@dy 1 L2 3 /4 s 6 7.8 9 ' . 1455 1437 1420 1402 1393 1384 1375 1365 1356 1346 4
T ) N— A 7 _ 1005 989 972 955 947 938 929 920 911 902 &
-1 4052 49995 303 5625 - 5764 5859 5928 5982 &0 ' 787 . 7920 156 740 131 0 123 744 106 697 688 £
2 9850 9900 9917 925, 9930 9933 9936 - 937 9939 | . 662 647 631 616 607 599 591- 582 574 565 3
3312 3082 2046 2871 2824 2791 2767 2749 2135 581 567 552 536 528 520 512 - 503 495 48 &
-4 2120 1800 1669 1598 1552 1521 1498 1480 1466 526 511 49 481 473 465 457 - 448. 440 431 S
5 1626 - 1327 1206 1139 1097 1067 1046 1029 1016 | : 485 471 456 441 433 425 417 408 400 391 IC
6 1375 . 1092 978 915 875 847 ' 826 .810 798 454 440 425 410 402 394 386 3178 360 360 1
? 1225 955 845 785 746 719 699 . 68 .-672 430 416 401 386 378 370 362 354 345 336 1
8 1126 865 759 - 701 663 637 - 618 603 591 : 410 396 382 366 35 351 343 334 325 .317 13
9 1056 802 699 642 606 580 _ 561 547 . 535 394 380 366 351 343 335 327 318 309 300 14
10 1004 756 655 599 564 539 520 506 484 380 367 352 337 329 . 321 0 313 305 296 287 1t
1 965 721 622 567 532 507 489 474 463 369 355 341 326 318 310 302 293 284 275 €
12 933 693 595 541 506 482 464 450 439 . 359 346 331 . 316 308. 300 292 283 275 265 17
13 907 6707 -574. 521 486 462 444 . 430 419 351 337 323 308---300 292 284 175 266 257 1§
14 886 651 556 - 504 469 446 428 414 403.. 343 330 315 300- 292 284 276 267 258 249 IS
215 868 ' 6360 542 489 456 432 - 41 400 389 337 323 309 - 294 286 278 269 261 252 242 A
16 853 . 623 529 477 444 420 403 389 - 378 331 317 303 ° 288 280 © 272 264 255 246 236 2
17 840 611 518 467 434 410 393 3719 368 e 326 312 298 283 275 267 258 250 240 231 %
18 829 - 601 509 4358 . 425 401 384 37 360 ' 321 307 293 278 270 262 254 245 235 226
19 818 583 501 450 417 34 377 363 352 . 317 303 289 2740 266 258 249 . 240 231 221 A
20 810 585, 484 443 410 387 370 356 346 313 299 285 270 262, 254 245 236 227 217 - o
.21 802 578 487 437 404 381 364 351 140 309 29 281 266 258 250 242 233 223 | 213 2¢
L2 795 572 - 482 431 399 376 359 345 338 306 293 278 263 255 247 238 229 2200 218 %
3 788 566 476 426 394 371 354 341 30 303 290 275 260 252 244 235 226 217 . 206 %
2% 782 561 0 472 42 390 367 350 336 326 300 287 273 257 . 249 241 233° 223 214 203 2
25 777 . 557. 468 - 418 385 363 346 332 32 298 284 270 255 247 239 230 221 211 201. X
26 772 - 553 464 414 382 35 3d2 329 a8 ‘ . 280 266 252 237 228 220 211 202 192 180 &
2 768 549 460 411 378 356 339 326 31§ 263 250 235 220 212 203 194 184 173 160 &
p2] 764 545 457 407 375 353 336 323 312 247 2347 219 203 195 18 176 166 153 138 1X
29 760 542 454 404 373 350 333 320 - 309 232 218 204 188 179 L1700 159 147 132 100 o
30 756 539 451 402 3 347 330 A7 307 : ‘ -
40 7.31- 5.18 431 383 3.51 329 312 299 2.89 From “Tables of Percentage Pointa of the inverted Beta (F) Diatribution,” Biometrika, Vol 33 (1%
60 7.08 498 4.13 3.65 334 312 295 282 "2m ’ pp- 73-88, by Maxine Merrington and Catherine M. Thempson. Reproduced by permission of Profes
120 685 479 395 348 317 296 279 266 256 E. 8. Pearson.
o0 663 461 31 332 302 280 264 251 241 :
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