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STOCKHOLMS UNIVERSITET
Statistiska institutionen
Ellinor Fackle-Fornius

TENTAMEN I STATISTISK TEORI MED TILLAMPNINGAR I
2016-02-16

Skrivtid: 9.00-14.00

Godkénda hjidlpmedel: Miniriknare, spraklexikon.

Tentamen bestar av fem uppgifter. For full poiing pa en uppgift krivs tydliga, utforliga och
vill motiverade 16sningar.

Genomgang av tentamen sker 2016-03-01 kl. 15-16 i sal D397.

Uppgift 1. (20 poing)

En butik har fatt ett parti om 10 mobiltelefoner och viiljer slumpmiissigt ut 2 telefoner som
testas. Om bada mobilerna som testas far anmérkningar i testet skickas hela partiet tillbaka
till tillverkaren.

a) Vad dr sannolikheten att partiet skickas tillbaka om det finns 2 st mobiler med anmirkning
i partiet?

b) Vad dr sannolikheten att partiet skickas tillbaka om det finns 3 st mobiler med anmirkning
i partiet?

¢) Antag att partiet innehaller 2 st mobiler med anmérkning med sannolikheten 0.3 samt
att partiet innehaller 3 st mobiler med anmérkning med sannolikheten 0.7. Vad ir da san-
nolikheten att partiet skickas tillbaka?



Uppgift 2. (20 podng)

Fordelningsfunktionen {6r den stokastiska variabeln Y ges av

0, y <0
v 0<y<1
F \l:: 27 ““"j““
) y—1 1<y<15
1, y > 1.5

a) Bestiim téthetsfunktionen for Y.
b) Berikna P (Y < 0.5).
c¢) Beriikna P (0.2 <Y < 14).

d) Berékna E (Y).

Uppgift 3. (20 poing)

Foretagen Rétt Statistik och Statistikkompaniet erbjuder bada konsulttjanster i statistik.
Priset pa en aktie i Rétt Statistik anses vara normalfordelad med vantevarde 14 kronor
och standardavvikelse 2 kronor medan priset pa en aktie i Statistikkompaniet anses vara
normalftrdelad med vinteviirde 17 kronor och standardavvikelse 3 kronor. Korrelationen
mellan aktiepriserna uppskattas till -0.4.

a) Vad #r sannolikheten att priset pa en aktie 1 Rétt Statistik respektive Statistikkompaniet
dverstiger 15 kronor?

b) Antag att vi skaffar en aktieportfélj med 10 st aktier i Ratt Statistik och 10 st aktier i
Statistikkompaniet. Beriikna portfsljens vintevérde och standardavvikelse.

¢) Differensen mellan priset pa en aktie i Statistikkompaniet och priset pa en aktie i Ratt
Statistik dr normalfsrdelad. Bestim vintevirde och standardavvikelse for differensen samt
berikna sannolikheten att priset pa en aktie i Statistikkompaniet Overstiger priset pa en
aktie i Ritt Statistik.

[




Uppgift 4. (20 poiing)

Féretaget F? har en person som arbetar med reklamationer och en person som arbetar med
Hvriga kundirenden. Lat Y och Y5 vara andelen tid av en arbetsdag (pa atta timmar) som
respektive person #r sysselsatt med sina arbetsuppgifter. Den simultana frdelningen for Y3
och Yy &r

2
, Joanys, 0<y <1L,0< <1
Fyn ) = { 0, AlNALS.

a) Bestdm konstanten c.
b) Bestdm marginalfordelningarna for Y7 och Y3.
¢) Ar Y] och Y5 stokastiskt oberoende?

d) For att se om det dr mojligt att rationalisera genom att sla ihop de tva tjansterna till en
vill man veta sannolikheten att arbete med reklamation och arbete med dvriga kundérenden
under en dag tar mer #n 8 timmar, d.v.s. sannolikheten att Y; + Y5 overstiger 1. Berékna
denna sannolikhet.

Uppgift 5. (20 poing)
Paretoférdelningen anviinds ofta inom bl.a. ekonomi (t.ex. fér att beskriva inkomstfordelning-

ar) och geografi (t.ex. for att beskriva storleksfordelningar av stider). Fordelningen bestams
av tva parametrar, o och 3, nir 3 = 1 ges tithetsfunktionen av

I == PR
f() {07

annars

och fordelningsfunktionen av

{1 o

0, annars.

a) Bestim tithetsfunktionen och férdelningsfunktionen for U = yl

b) Y1, Ys, ..., Ys dr ett urval av 5 st oberoende observationer fran Paretofordelningen. Bestidm
tiathetsfunktionen och fordelningsfunktionen for minvirdet Y{y).
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Formelblad - Statistisk teori med tillimpningar

Viantevarde och varians f6r en stokastisk variabel

e ['0r en diskret stokastisk variabel ¥ med sannolikhetsférdelning p (y)
E(Y) = Y v
Y
VY) = Y w-EMFply) = Zypy ()

Y

e ['0r en kontinuerlig stokastisk variabel Y med tithetsfunktion f(y)

E(Y) = j[yf(y>dy
V() :(/@~£mmff@my=/QWn»@~uuYW

Véntevirde for en funktion av stokastisk variabel g (V)

e ['Or en diskret stokastisk variabel Y med sannolikhetsfordelning p (y)

ElgWM]=Y gwprW)

alla y

» For en kontinuerlig stokastisk variabel Y med tithetsfunktion f (y)

o0

Elg(Y) = /g(y)f(y)dy

X

Transformationsmetoden

Lat U = h(Y), dér h(y) & antingen stringt viixande eller stringt avtagande for alla y
sadana att fy (y) > 0, d& har U = h(Y) tdthetsfunktion
dh=t  d[h7t (u)]

da =
ar du du

for ) = gy [ ()] |2




Ordningsvirden

Da Yy = min (Y1,Y5,...,Y,) och Yiny = max (¥1,Y5,...,Y,) si har Y1) respektive Y,y tét-
hetsfunktionerna

FroW) = 90y W) =nll - F)]"" fry)
Fro@) = 9o () =n[Fr )" fr(y)

samt fordelningsfunktionerna

Fy,(y) = 1-[1=Fy(y)]"
Fym(y) = [Fr@)]

Vintevirde for en funktion av tva stokastiska variabler g(Y1,Ys)

e For tva diskreta stokastiska variabler Y7 och Y, med simultan sannolikhetsfordelning
py1, y2)
Elg(Yi,Y2)l= > > gy ye)p i)

alla 3 alla yo

e ['0r tva kontinuerliga stokastiska variabler Y och Y5 med simultan tdthetsfunktion
/ (?1&2)

(Yh //9(3/13212)f<?/1-,92)dy1d92

Marginalférdelning for Y;

p(y) = p . ye)

dér p (y1, y2) dr den simultana sannolikhetsférdelningen for Y; och Vs

Marginaltidthet for v;

5
L

() = / £ (1. 2) e

dér f (yy,ye) dr den simultana tithetsfunktionen for Y, och V5



Betingad sannolikhetsférdelning fér Y; givet Y5

; 'y <y17 3}2)
plylye) ==~ p(12) >0
p2(¥2)
dér p(y1,y2) dr den simultana sannolikhetsfordelningen for Y; och Y5 och py (y2) &r mar-

ginalférdelningen for Y,
Betingad tithetsfunktion for ¥; givet Ys

f (1, 2)
fa(y2)
dér f (y1,y2) dr den simultana téthetsfunktionen for Yy och Y och fy (y2) A marginaltdtheten

for Yg

Flnly) = fa(y2) >0

Betingat viinteviirde for g (Y)) givet Y5

Elg()|Ya=12]= > g(m)p(mnlye)

alla 11

dir p(y; |y2) r den betingade sannolikhetsfordelningen for Yy givet Y5

e}

Elg(Y)[Y = 1] = /gmmi y2) dyn

—00

dir f (y1 ly2) dr den betingade tithetsfunktionen for Yy givet Y

Kovarians mellan tva stokastiska variabler Y; och Y)

Cov (Y1, Ys) = E[(Yi — E(VY)) (Ya = E (Y2))] = E (YiYa) — E (Y1) E (Y2)

Korrelation mellan tva stokastiska variabler Y; och Y,

. Cov (Y1, Y2)
p= J109
dir o3 = /V (Y1) och o3 = /V (Y2)
Multinomialférdelningen
n! Y1, U2 Uk
Py Yk) = AT et



Potenser
F'or reella tal z,y och positiva tal a, b géller
z+y

e a"aV = q

® — =g

P {aiﬂ}y — %Y

e %=1

o v = {/a, dir n ir ett positivt heltal

Naturliga logaritmen
For positiva tal z,y giller

o "=y r=In(y)

o In(zy)=1In(z) +1In(y)
In (5) =ln(z) - In(y)

In(z7) = pln(x)

L]

Derivator

. C—ngkz()

d . n _ .
Od$$ = nr

n—1

® Ed.‘eam: = et
z

e Lin(z)=1 z>0

i (k- f(2) = kf (2)



L]

Deriveringsregeln for en summa

L@ g =T @+ @)

Deriveringsregeln {or en produkt
d N
— (@) 9@) =S (@)g)+[(2)g (z)

e Deriveringsregeln for en kvot

a <f<x>) J () g ()= F (@)g ()

dr \ g (z) (g (2))*

e For den sammansatta funktionen f(z) = h (g (z)) giller
@) =H @) @)
in =n{glz)) gz

Integraler

o [atde = 52"+ O, n# -1

o [edr=1e" 1 C a0

o [Lldz=1Injz|, >0

o [kf(x)de =k f(x)dz

o [(f(z)+g(a))de=[f(z)de+ [g(x)dr

e Partiell integration

/ f(2)g(x)de = F(z) g () - / F(2)d (v)dr

o Bestimda integraler

<t



Deriveringsregeln for en summa

d ,
= (@) +9 ()= [ (2) +4 (z)

Deriveringsregeln for en produkt

Deriveringsregeln f6r en kvot

d (f@) _ [y - f=)g ()
(9%56)) (g (z))*

For den sammansatta funktionen f(z) = h(g(z)) géller

f( ) =h(g(x)) ¢ (r)

dx

Integraler

o [atdr = 2" +C, n# -1
o [e¥dr =1+ C, a#0

o [fdr=Inlz|, >0
ofkf(x)dz::icff(z)d:c

o [(f@)+g@)de=[f(z)de+ [g(e

e Partiell integration

[ 1@ =F@ge - [Fla)d @

e Bestdmda integraler

(424



Formelblad 2 - Statistisk teori

Estimatorer

A ST Y
® Y e izl T

7

e 52 = Z?:l(Y«e:~?)2 _ s stzwn(?)?

n—1 n—1

o §2 = (n1—1}5§+(n3—~1)5§
P ny+nz—2

Konfidensintervall

e 0+ 24/20%

o Ykt

(n—1)8% (n—1)82
A\ L,
/2 1—-/2

8 61 - 92 + za/30<51_§2)

L4 VIMVQit&/QSp‘/‘rj—l+%

Testvariabler
L ] Z — 5“90
o
Y—pu
* T=gp
® XQ — (n_;)Sz
0

med tilldmpningar

O



M-n/2
*I=Tve

o 7 = It=ln(n+1)/4]

W/ nln+1){(2n+1)/24

= o(mna/2) - mmtl) oy
* 7= Trmmimenr U= mnet S =0

_ R-E(R) . 2ning + r — 2ni1ng(2nins—ny~ns)
¢ Z= \/1/“(3}’ E< )_.. ni+ng LV (R) (n1+n2}2(n1+n2~—1}

i R(x‘)fi’(yi)”i{ e IR(;::,»)} i R(y?}}

v {f—nt 1 R{T \ “n ;l i R(“” }{Y\n P{Qi/ -1 En R\?h } }

® rg =

630, d

¢ rs= 1 - a(n2—1)

Likeliohood

[Ip(yil6) omYi,Ys, ...V, dr oberoende s.v. med sannolikhetsfunktion p(yle)
L<y17y27yn19) = z;l
[T/ (il0) om ¥1,Ys,....Y, #r oberoende s.v. med tithetsfunktion Fylo)

Bayesiansk inferens

L(ylo)g(9)

S OW) = T8 g6 a0

ddr g (¢) &r apriorifordelningen, L (y |#) &r likelihooden och g* (6 ly) #r aposteriorifordelnin-
gen.

[
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Tabeller

Tabell 1. Standardiserad normalférdelning

() = PX < x)pdir X € N0, 1)
For negativa virden, utnyttja att Hix) =1~ $(—x)

area = O(x)

1 00 01 .02 03 04 05 06 07 .08 09
00 13000 5040 5080 5120 5160 5199 5239 5279 5319 5359
0.1 1 5398 5438 5478 5517 5557 3596 5636 5675 5714 5753
02| 5793 5832 5871  .5910 5948 5987  .6026  .6064  .6103 6141
03| 6179 6217 6255 .6293 6331 6368  .6406 6443 6480 6517
0.4 | 6554 6591 6628  .6664 6700 6736 6772 6808 6844 6879
05| 6915 6950 6985 7019 7054 7088 7123 7157 7190 7224
06 | 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.7 | 7580 7611  .7642. 7673 7704 7734 7764 7794 7823 7852
08 | 7881 7910 7939  .7967 7995  .8023  .8051  .8078  .8106  .8133
0.9 | 8159 .8186  .8212  .8238  .8264  .8289 8315  .8340  .8365  .8389
1.0 | 8413 8438  .8461  .8485  .8508  .8531  .8554  .8577  .8599  .862I
11| 8643 8665 .868  .8708  .8729  .8749  .8770  .8790  .8810  .8830
12| 8849 8869  .8888  .8907  .8925  .8944  .8962  .8980  .8997  .9015
131 9032 9049 9066  .9082  .9099 9115 9131 9147 9162 9177
141 9192 9207 9222 9236 .9251 9265 9279 9292 9306  .9319
15| 9332 9345 .9357 .9370 9382  .9394 9406 9418 9429  .9441
1.6 | 9452 9463 9474 9484 9495 9505 9515 9525 9535  .9545

71 9554 9564 9573  .9582 9591 9599 9608 9616 9625 9633
1.8 | 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
191 9713 9719 9726 9732 9738 9744 9750 9756 9761  .9767
20 | 97725 97778 97831 97882 .97932 .97982 .98030 .98077 98124 98169
21 | 98214 98257 98300 .98341 98382 98422 98461 .98500 98537 98574
22 | 98610 98645 .98679 98713 .98745 98778 .98809 .98840 .98870 98899
2.3 | 98928 .98956 98983 .99010 .99036 99061 .99086 99111 99134 99158
24 | 99180 99202 99224 99245 .99266 99286 .99305 .99324 99343 99361
25 | 99379 99396 99413 .99430 .9944G 99461 99477 99492 99506 .99520
26 1 99534 99547 99560 99573 .99585 .99598 .99609 .99621 99632 .99643
27 | 99653 99664 99674 .99683 .99693 99702 99711 .99720 99728 99736
2.8 | 99744 99752 99760 99767 99774 .99781 .99788 .99795 .99801 .99807
2.9 | 99813 99819 .99825 .99831 .9983G6 99841 .99846 .99851 .99856 99861
3.0 | .99865 Tabell 2. Normalférdelningens kvantiler
3.1 1.99903 PX > J,) = adir X € N0, 1)

3.2 | .99931
3.3 1.99952 o Ax o Az area = o
34 | .99966 0.1 1.2816 0.001 3.0902
0.05  1.6449 0.0005  3.2905 A,
g:z ggggz 0.025 1.9600 0.0001  3.7190
37 | ‘99089 0.01  2.3263 0.00005  3.8906

v 0.005 2.5758 0.00001 4.2649
3.8 | .99993 area = a2
3.9 | .99995
4.0 | .99997 y )

/2

/2




Fordelningsfunktionen fér binomialférdelningen med parametrarna n och p

g
7 X 0.05 0.10 0.15 0.20 0.25 0.30 0.40 0.50
2 0 090250 | 0.81000 | 0.72250 | 0.64000 | 0.56250 | 0.49000 | 0.36000 | 0.25000
l 0.99750 | 0.99000 | 0.97750 | 0.96000 | 0.93750 | 0.91000 | 0.84000 | 0.75000
3 0 0.85737 | 072900 | 0.61412 | 0.51200 | 0.42188 | 0.34300 | 0.21600 | 0.12500
1 099275 |1 097200 | 0.93925 1 0.89600 | 0.84375 | 0.78400 | 0.64800 | 0.50000
2 0.99987 |1 0.99900 | 0.99663 | 0.99200 | 0.98438 | 0.97300 | 0.93600 | 0.87500
4 0 0.81451 | 0.65610 | 0.52201 | 0.40960 | 031641 | 0.24010 | 0.12960 | 0.06250
1 098598 1094770 | 0.89048 | 0.81920 | 0.73828 | 0.65170 | 0.47520 | 0.31250
2 0.99952 | 0.99630 | 0.98802 1 0.97280 | 0.94922 | 0.91630 | 0.82080. | 0.68750
3 0.99999 | 0.99990 | 0.99949 | 0.99840 | 0.99609 | 0.99190 | 0.97440 | 0.93750
5 0 0.77378 10.59049 | 0.44371 | 0.32768 | 023730 | 0.16807 | 0.07776 | 0.03125
1 097741 | 091854 | 0.83521 | 0.73728 | 0.63281 | 0.52822 | 0.33696 | 0.18750
2 0.99884 | 099144 | 0.97339 | 0.94208 | 0.89648 | 0.83692 | 0.68256 | 0.50000
3 0.99997 | 099954 | 0.99777 | 0.99328 | 0.98437 | 0.96922 | 0.91296 | 0.81250
4 1.00000 | 0.99999 | 0.99992 |0.99968 | 0.99902 | 0.99757 | 0.98976 | 0.96875
6 0 0.73509 | 0.53144 | 0.37715 | 0.26214 | 0.17798 | 0.11765 | 0.04666 | 0.01563
i 0.96723 | 0.88574 | 0.77648 | 0.65536 | 0.53394 | 0.42018 | 0.23328 | 0.10938
2 0.99777 | 098415 | 0.95266 | 0.90112 | 0.83057 | 0.74431 | 0.54432 | 0.34375
3 0.99991 | 0.99873 | 0.99411 | 0.98304 | 0.96240 | 0.92953 | 0.82080 | 0.65625
4 1.00000 | 0.99995 | 0.99960 | 0.99840 | 0.99536 | 0.98906 | 0.95904 | 0.89063
5 1.00000 | 1.00000 | 0.99999 10.99994 | 0.99976 | 0.99927 | 0.99590 | 0.98438
7 0 0.69834 | 047830 | 0.32058 | 0.20972 | 0.13348 | 0.08235 | 0.02799 | 0.00781
1 0.95562 | 0.85031 | 0.71658 | 0.57672 | 0.44495 | 032942 | 0.15863 | 0.06250
2 0.99624 | 097431 | 0.92623 | 0.85197 [0.75641 | 0.64707 | 041990 | 0.22656
3 0.99981 | 0.99727 | 0.98790 | 0.96666 | 0.92944 | 0.87396 | 0.71021 | 0.50000
4 0.99999 | 0.99982 | 0.99878 | 0.99533 | 0.98712 | 0.97120 | 0.90374 | 0.77344
5 1.00000 | 0.99999 | 0.99993 | 0.99963 | 0.99866 | 0.99621 | 0.98116 | 0.93750
6 1.00000 | 1.00000 | 1.00000 | 0.99999 |0.99994 |0.99978 | 0.99836 | 0.99219
8 0 0.66342 | 0.43047 | 0.27249 | 0.16777 | 0.10011 | 0.05765 | 0.01680 | 0.00391
1 0.94276 | 0.81310 | 0.65718 | 0.50332 | 0.36708 | 0.25530 | 0.10638 | 0.03516
2 099421 | 0.96191 | 0.89479 | 0.79692 | 0.67854 | 0.55177 | 0.31539 | 0.14453
3 0.99963 | 0.99498 | 0.97865 | 0.94372 | 0.88618 | 0.80590 | 0.59409 | 0.36328
4 0.99998 | 0.99957 | 0.99715 | 0.98959 |0.97270 | 0.94203 | 0.82633 | 0.63672
5 1.00000 | 0.99998 | 0.99976 | 0.99877 | 0.99577 | 0.98871 | 0.95019 | 0.85547
6 1.00000 | 1.00000 | 0.99999 |0.99992 |0.99962 [ 099871 | 0.99148 | 0.96484
7 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99998 |0.99993 | 0.99934 | 0.99609
9 0 0.63025 | 0.38742 | 0.23162 | 0.13422 | 0.07508 | 0.04035 | 0.01008 | 0.00195
l 092879 | 0.77484 | 0.59948 | 0.43621 |0.30034 | 0.19600 | 0.07054 | 0.01953
2 0.99164 | 0.94703 | 0.85915 | 0.73820 [ 0.60068 | 0.46283 | 0.23179 | 0.08984
3 0.99936 | 0.99167 | 0.96607 | 0.91436 | 0.83427 | 0.72966 | 0.48261 | 0.25391
4 0.99997 1099911 |0.99437 |0.98042 | 0.95107 | 090119 | 0.73343 | 0.50000
5 1.00000 | 0.99994 | 0.99937 10.99693 | 0.99001 | 0.97471 | 0.90065 | 0.74609
6 1.00000 | 1.00000 | 0.99995 | 0.99969 | 0.99866 | 0.99571 | 0.97497 | 0.91016
7 1.00000 | 1.00000 | 1.00000 | 0.99998 |0.99989 | 0.99957 | 0.99620 | 0.98047
8 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99998 | 0.99974 | 0.99805




P

# X 0.05 0.10 0.15 0.20 0.25 0.30 0.40 0.50

10 0 0.59874 | 0.34868 | 0.19687 | 0.10737 | 0.05631 | 0.02825 | 0.00605 | 0.00098
i 001386 | 0.73610 | 0.54430 | 0.37581 | 0.24403 | 0.14931 | 0.04636 | 0.01074
2 0.99850 | 0.92981 | 0.82020 | 0.67780 | 0.52559 |0.38278 | 0.16729 | 0.05469
3 0.99897 | 0.98720 | 0.95003 | 0.87913 | 0.77588 | 0.64961 | 0.38228 | 0.17188
4 0.99994 | 0.99837 | 0.99013 | 0.96721 |0.92187 | 0.84973 | 0.63310 | 0.37695
5 1.00000 | 0.99985 | 0.99862 | 0.99363 | 0.98027 | 0.95265 | 0.83376 | 0.62305
6 1.00000 | 0.99999 | 0.99987 | 0.99914 |0.99649 | 0.98941 | 0.94524 | 0.82813
7 1.00000 | 1.00000 | 0.99999 | 0.99992 | 0.99958 | 0.99841 | 0.98771 | 0.94531
8 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99997 | 0.99986 | 0.99832 | 0.98926
9 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 | 0.99990 | 0.99902

11 0 0.56880 | 031381 | 0.16734 | 0.08590 | 0.04224 | 0.01977 | 0.00363 | 0.00049
1 0.89811 | 0.69736 | 0.49219 | 032212 |0.19710 | 0.11299 | 0.03023 } 0.00586
2 0.0%476 | 0.91044 | 0.77881 | 0.61740 | 0.45520 | 0.31274 | 0.11892 | 0.03271
3 0.99845 | 0.98147 | 0.93056 | 0.83886 | 0.71330 | 0.56956 | 0.29628 | 0.11328
4 0.99989 | 0.99725 | 0.98411 | 0.94959 | 0.88537 | 0.78970 | 0.53277 | 0.27441
5 0.99999 | 0.99970 | 0.99734 | 0.98835 | 0.96567 | 0.92178 | 0.75350 | 0.50000
6 1.00000 | 0.99998 | 0.99968 | 0.99803 [0.99244 | 0.97838 | 0.90065 | 0.72559
7 1.00000 | 1.00000 | 0.99997 | 0.99976 | 0.99881 | 0.99571 | 0.97072 | 0.88672
8 1.00000 | 1.00000 | 1.00000 | 0.99998 | 0.99987 | 0.99942 | 0.99408 | 0.96729
9 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 | 0.99995 | 0.99927 | 0.99414
10 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99996 | 0.99951

12 0 054036 | 0.28243 | 0.14224 | 0.06872 | 0.03168 | 0.01384 | 0.00218 | 0.00024
1 0.88164 | 0.65900 | 0.44346 | 0.27488 | 0.15838 | 0.08503 | 0.01959 | 0.00317
2 0.08043 | 0.88913 | 0.73582 | 0.55835 | 0.39068 | 0.25282 | 0.08344 | 0.01929
3 099776 | 0.97436 | 0.90779 | 0.79457 | 0.64878 | 0.49252 | 0.22534 | 0.07300
4 0.99982 | 0.99567 | 0.97608 | 0.92744 | 0.84236 | 0.72366 | 043818 | 0.19385
5 0.99999 | 0.99946 | 0.99536 | 0.98059 | 0.94560 | 0.88215 | 0.66521 | 0.38721
6 1.00000 | 0.99995 | 0.99933 | 0.99610 | 0.98575 | 0.96140 | 0.84179 | 0.61279
7 1.00000 | 1.00000 | 0.99993 | 0.99942 |0.99722 |0.99051 | 0.94269 | 0.80615
8 1.00000 | 1.00000 | 0.99999 | 0.99994 [0.99961 | 0.99831 | 098473 | 0.92700
9 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99996 | 0.99979 | 0.99719 | 0.98071
10 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99998 | 0.99968 | 0.99683
11 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99998 | 0.99976

13 0 051334 | 0.25419 | 0.12091 | 0.05498 |0.02376 | 0.00969 | 0.00131 | 0.00012
1 0.86458 | 0.62134 | 0.39828 | 0.23365 | 0.12671 | 0.06367 | 0.01263 | 0.00171
2 097549 | 0.86612 | 0.69196 | 0.50165 | 0.33260 | 0.20248 | 0.05790 | 0.01123
3 0.99690 | 0.96584 | 0.88200 | 0.74732 | 0.58425 | 0.42061 | 0.16858 | 0.04614
4 099971 | 0.99354 | 0.96584 | 0.90087 | 0.79396 | 0.65431 | 0.35304 | 0.13342
3 0.99998 | 0.99908 | 0.99247 | 0.96996 | 0.91979 | 0.83460 | 0.57440 | 0.29053
6 1.00000 | 0.99990 | 0.99873 |0.99300 |0.97571 |0.93762 | 0.77116 | 0.50000
7 1.00000 | 0.99999 | 0.99984 | 0.99875 | 0.99435 | 0.98178 | 0.90233 | 0.70947
8 1.00000 | 1.00000 | 0.99998 | 0.99983 |0.99901 | 0.99597 | 0.96792 | 0.86658
9 1.00000 | 1.00000 | 1.00000 | 0.99998 | 0.99987 | 0.99935 | 0.99221 | 0.95386
10 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 |0.99993 | 0.99868 | 0.98877
11 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99986 | 0.99829
12 1.00000 | 1.00000 | 1.00000 | 1.00000 [ 1.00000 | 1.00000 | 0.99999 | 0.99988




4

n x 0.05 0.10 0.15 0.20 0.25 0.30 0.40 0.50

i4 0 048767 | 0.22877 | 0.10277 | 0.04398 | 0.01782 | 0.00678 | 0.0007% | 0.00006
1 0.84701 | 0.58463 | 0.35667 | 0.19791 | 0.10097 | 0.04748 | 0.00810 | 0.00092
2 0.96995 | 084164 | 0.64791 | 0.44805 | 0.28113 | 0.16084 | 0.03979 | 0.00647
3 0.99583 1095587 | 0.85349 10.69819 |0.52134 | 0.35517 | 0.12431 | 0.02869
4 0.99957 099077 | 0.95326 | 0.87016 | 0.74153 | 0.58420 | 0.27926 | 0.0897%
5 0.99997 | 0.99853 | 0.98847 | 0.95615 | 0.88833 | 0.78052 | 0.48585 | 0.21198
6 1.00000 | 0.99982 | 0.99779 | 0.98839 | 0.96173 1| 0.90672 | 0.69245 | 0.39526
7 1.06000 | 0.99998 | 0.99967 | 0.99760 | 0.98969 | 0.96853 | 0.84986 | 0.60474
8 1.00000 | 1.00000 | 0.99996 | 0.99962 | 0.99785 | 0.99171 | 0.94168 | 0.78802
9 1.060060 | 1.00000 | 1.00000 | 0.99995 |0.99966 | 0.99833 | 0.98249 | 0.91022
10 1.00000 | 1.60000 | 1.00000 | 1.00000 | 0.99996 | 0.99975 |0.99609 | 0.97131
11 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99997 | 0.99939 | 0.99353
12 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99994 | 0.95908
13 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99994

15 0 0.46329 | 0.20589 | 0.08735 | 0.03518 | 0.01336 | 0.00475 | 0.00047 | 0.00003
1 0.82905 | 0.54904 | 0.31859 | 0.16713 | 0.08018 | 0.03527 | 0.00517 | 0.00049
2 0.96380 | 0.81594 | 0.60423 | 0.39802 | 0.23609 | 0.12683 | 0.02711 | 0.00369
3 0.99453 | 0.94444 | 0.82266 | 0.64816 | 0.46129 | 0.29687 | 0.09050 | 0.01758
4 0.99939 | 098728 |0.93829 | 0.83577 | 0.68649 | 0.51549 | 021728 | 0.05923
5 0.99995 1099775 | 0.98319 1093895 | 0.85163 | 0.72162 | 0.40322 | 0.15088
6 1.00000 | 0.99965 | 0.99639 | 0.98194 | 0.94338 | 0.86886 | 0.60981 | 0.30362
7 1.00000 | 0.99997 10.99939 10.99576 | 0.98270 | 0.94999 | 0.78690 | 0.50000
8 1.00000 | 1.00000 | 0.99992 |0.99922 | 0.99581 | 0.98476 | 0.90495 | 0.69638
9 1.00000 | 1.00000 | 0.99999 | 0.99989 | 0.99921 | 0.99635 | 0.96617 | 0.84912
10 1.00000 | 1.00000 | 1.00000 |0.99999 | 0.99988 | 0.99933 | 0.99065 | 0.94077
11 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 | 0.99991 | 0.99807 | 0.98242
12 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 | 099972 | 0.99631
13 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99997 | 0.99951
14 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99997

16 0 0.44013 | 0.18530 | 0.07425 1 0.02815 [ 0.01002 | 0.00332 | 0.00028 | 0.00002
1 0.81076 | 0.51473 | 0.28390 | 0.14074 | 0.06348 | 0.02611 | 0.00329 | 0.00026
2 0.95706 | 0.78925 | 0.56138 | 0.35184 | 0.19711 | 0.09936 | 0.01834 | 0.00209
3 0.99300 | 0.93159 | 0.78989 | 0.59813 | 0.40499 | 0.24586 | 0.06515 | 0.01064
4 0.99914 | 0.98300 1 0.92095 | 0.79825 | 0.63019 | 0.44990 | 0.16657 | 0.03841
5 0.99992 | 099670 | 0.97646 | 0.91831 | 0.81035 | 0.65978 | 0.32884 | 0.10506
6 0.99999 | 0.99950 | 0.99441 10.97334 | 0.92044 | 0.82469 | 0.52717 | 022725
7 1.00000 | 0.99994 | 0.99894 | 0.99300 | 0.97287 | 0.92565 | 0.71606 | 0.40181
8 1.00000 | 0.99999 |0.99984 | 0.99852 | 0.99253 | 0.97433 | 0.85773 | 0.59819
9 1.00000 | 1.00000 | 0.99998 | 0.99975 | 0.99836 | 0.99287 | 0.94168 | 0.77275
10 1.00000 | 1.00000 | 1.00000 | 0.99997 |0.99971 | 0.99843 | 0.98086 | 0.89494
11 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99996 | 0.99973 | 0.99510 | 0.96159
12 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99997 |0.99906 | 0.98936
13 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99987 | 0.99791
14 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 | 0.99974
15 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99998




4

I X 0.05 0.10 0.15 0.20 0.25 0.30 0.40 0.50

17 0 041812 10.16677 | 006311 | 0.02252 | 0.00752 | 0.00233 | 0.00017 | 0.00001
1 0.79223 | 0.48179 | 0.25245 | 0.11822 | 0.05011 |0.01928 | 0.00209 | 0.00014
2 0.94975 | 0.76180 | 0.51976 | 0.30962 | 0.16370 | 0.07739 | 0.01232 | 0.00117
3 0.09120 | 0.91736 | 0.75561 | 0.54888 | 0.35302 | 0.20191 | 0.04642 | 0.00636
4 0.99884 | 0.97786 | 0.90129 | 0.75822 | 0.57389 | 0.38869 | 0.12600 | 0.02452
S 0.99988 | 0.99533 | 0.96813 | 0.89430 | 0.76531 | 0.59682 | 0.26393 | 0.07173
6 0.99999 | 0.99922 | 0.99172 | 0.96234 | 0.89292 | 0.77522 | 0.44784 | 0.16615
7 1.00000 | 0.99989 | 0.99826 | 0.98907 | 0.95976 | 0.89536 | 0.64051 | 0.31453
8 1.00000 | 0.99999 | 0.99970 | 0.99742 | 0.98762 | 0.95972 | 0.80106 | 0.50000
9 1.00000 | 1.00000 | 0.99996 | 0.99951 | 0.99690 | 0.98731 | 0.90810 | 0.68547
10 1.00000 | 1.00000 | 1.00000 | 0.99992 | 0.99937 | 0.99676 | 0.96519 | 0.83385
11 1.00000 | 1.00000 | 1.00000 | 0.99999 | 0.99990 | 0.99934 | 0.98941 | 0.92827
12 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 | 0.99990 | 0.99748 | 0.97548
13 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 | 0.99955 | 0.99364
14 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99994 | 0.99883
15 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99986
16 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999

18 0 039721 | 0.15009 | 0.05365 | 0.01801 | 0.00564 | 0.00163 | 0.00010 | 0.00000
1 0.77352 | 0.45028 | 0.22405 | 0.09908 | 0.03946 | 0.01419 | 0.00132 | 0.00007
2 0.94187 | 0.73380 | 0.47966 | 0.27134 | 0.13531 | 0.05995 | 0.00823 | 0.00066
3 0.98913 | 0.90180 | 0.72024 | 0.50103 | 0.30569 | 0.16455 | 0.03278 | 0.00377
4 0.99845 | 0.97181 | 0.87944 | 0.71635 | 0.51867 | 0.33265 | 0.09417 | 0.01544
5 0.99983 | 0.99358 | 0.95810 | 0.86708 | 0.71745 |0.53438 | 0.20876 | 0.04813
6 0.99998 | 0.99883 | 0.98818 | 0.94873 | 0.86102 | 0.72170 | 037428 | 0.11894
7 1.00000 | 0.99983 | 0.99728 | 0.98372 | 0.94305 | 0.85932 | 0.56344 | 0.24034
8 1.00000 | 0.99998 | 0.99949 | 0.99575 | 0.98065 | 0.94041 | 0.73684 | 0.40726
9 1.00000 | 1.00000 | 0.99992 | 0.99909 | 0.99458 | 0.97903 | 0.86529 | 0.59274
10 1.00000 | 1.00000 | 0.99999 | 0.99984 | 0.99876 | 0.99393 | 0.94235 | 0.75966
11 1.00000 | 1.00000 | 1.00000 | 0.99998 |0.99977 |0.99857 |0.97972 | 0.88106
12 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99997 |0.99973 | 0.99425 | 0.95187
13 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99996 | 0.99872 | 0.98456
14 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99979 | 0.99623
15 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99997 | 0.99934
16 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99993
17 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000

19 0 037735 | 0.13509 | 0.04560 | 0.01441 | 0.00423 | 0.00114 | 0.00006 | 0.00000
1 0.75471 | 0.42026 | 0.19849 | 0.08287 | 0.03101 |0.01042 | 0.00083 | 0.00004
2 0.93345 | 0.70544 | 0.44132 | 0.23689 | 0.11134 | 0.04622 | 0.00546 | 0.00036
3 0.98676 | 0.88500 | 0.68415 |0.45509 |0.26309 |0.13317 | 0.02296 | 0.00221
4 0.99799 | 0.06481 | 0.85556 | 0.67329 | 0.46542 | 0.28222 | 0.06961 | 0.00961
5 0.99976 | 0.99141 | 0.94630 | 0.83694 | 0.66776 | 0.47386 | 0.16292 | 0.03178
6 0.99998 | 0.99830 | 0.98367 | 0.93240 | 0.82512 | 0.66550 | 0.30807 | 0.08353
7 1.00000 | 0.99973 | 0.99592 | 0.97672 | 0.92254 | 0.81803 | 0.48778 | 0.17964
8 1.00000 | 0.99996 | 0.99916 | 0.99334 | 097125 |0.91608 | 0.66748 | 0.32380
9 1.00000 | 1.00000 | 0.99986 | 0.99842 |0.99110 | 0.96745 | 0.81391 | 0.50000
10 1.00000 | 1.00000 | 0.99998 | 0.99969 | 0.99771 | 0.98946 | 091153 | 0.67620
11 1.00000 | 1.00000 | 1.00000 | 0.99995 | 0.99952 |0.99718 | 0.96477 | 0.82036
12 1.00000 | 1.00000 | 1.00000 | 0.99999 |0.99992 |0.99938 | 0.98844 | 0.91647
13 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 |0.99989 | 0.99693 | 0.96822
14 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 | 0.99936 | 0.99039
15 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99990 | 0.99779
16 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99999 | 0.99964
17 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.99996
18 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000




Tabell 4, y*-fordelningen
PX > 22f) = adic X € ()

area = o
()

f 1« 0.9995 0999 0.995 0.99 0.975 0.95 0.05 0.025 0.01 0005 0.001 0.0005
1 0.00 0.00 0.00 000 0.00 0.00 3.84 502 6.63 7.88 10.83 12.12
2 0.00 06.00 0.01 002 005 010 599 7.38 921 1060 13.82 15.20
3 0.02 002 0.07 0.11 022 035 7.81 9.35 11.34 12.84 16.27 17.73
4 0.06 0.09 0.21 030 048 071 9.49 11.14 13.28 14.86 18.47 20.00
5 0.16 021 041 055 083 1.15 11.07 12.83 15.09 1675 2052 22.11
6 0.30 038 0.68 0.87 1.24 1.64 1259 1445 16.81 1855 22.46 24.10
7 0.48 0.60 0.99 1.24 1.69 2.17 14.07 16.01 18.48 2028 24.32 26.02
8 071 0.86 1.34 1.65 2.18 273 1551 17.53 20.09 21.95 26.12 27.87
9 097 115 1.73 209 270 333 1692 19.02 21.67 23539 27.88 29.67
10 1.26 148 2.16 256 3.25 3.94 1831 2048 2321 25.19 29.59 31.42
1t 1.59 1.83 2.60 3.05 3.82 4.57 19.68 21.92 2472 2676 31.26 33.14
12 1.93 221 3.07 357 440 523 21.03 2334 2622 2830 3291 34.82
13 231 262 357 4.11 5.01 5.89 2236 2474 27.69 2982 3453 36.48
14 270 3.04 4.07 4.66 5.63 6.57 23.68 26.12 29.14 31.32 36.12 38.11
15 311 348 460 523 626 7.26 2500 2749 30.58 32.80 37.70 39.72
16 3.54 394 514 581 691 7.96 2630 28.85 32.00 34.27 39.25 41.31
17 3.98 442 570 641 7.56 8.67 27.59 30.19 33.41 35.72 40.79 42.88
18 444 490 626 7.01 823 9.39 2887 3153 34.81 37.16 42.31 44.43
19 491 541 6.84 7.63 891 10.12 30.14 32.85 36.19 38.38 43.82 45.97
20 540 592 7.43 826 959 10.85 31.41 34.17 37.57 40.00 45.31 47.50
21 590 645 8.03 8.90 10.28 11.59 32.67 35.48 3893 41.40 46.80 49.01
22 640 698 8.64 9.54 10.98 12.34 33.92 36.78 40.29 42.80 48.27 50.51
23 692 753 9.26 10.20 11.69 13.09 35.17 38.08 41.64 44.18 49.73 52.00
24 7.45 8.08 9.89 10.86 12.40 13.85 36.42 39.36 42.98 45.56 51.18 53.48
25 7.99  8.65 10.52 11.52 13.12 14.61 37.65 40.65 44.31 46.93 52.62 54.95
26 8.54 9.22 11.16 12.20 13.84 15.38 38.89 41.92 45.64 48.29 54.05 56.41
27 9.09 9.80 11.81 12.88 14.57 16.15 40.11 43.19 46.96 49.64 5548 57.86
28 9.66  10.39 12.46 13.56 15.31 16.93 41.34 44.46 48.28 50.99 56.89 59.30
29 10.23 10.99 13.12 14.26 16.05 17.71 42.56 45.72 49.59 5234 58.30 60.73
30 10.80 11.59 13.79 14.95 16.79 18.49 43.77 4698 50.89 53.67 59.70 62.16
40 16.91 17.92 20.71 22.16 24.43 26.51 55.76 59.34 63.69 66.77 73.40 76.09
50 2346 24.67 27.99 29.71 32.36 34.76 67.50 71.42 76.15 79.49 86.66 89.56
60 30.34 31.74 35.53 37.48 40.48 43.19 79.08 83.30 88.38 91.95 99.61 102.69
70 37.47 39.04 43.28 45.44 48.76 51.74 90.53 95.02 100.43 104.21 112.32 115.58
80 44.79 46.52 51.17 53.54 57.15 60.39 101.88 106.63 112.33 116.32 124.84 128.26
90 52.28 54.16 59.20 61.75 65.65 69.13 113.15 118.14 124.12 128.30 137.21 140.78
100 59.90 61.92 67.33 70.06 74.22 77.93 124.34 129.56 135.81 140.17 149.45 153.17



Tabell 3. t-fordelningen

P > () = xdir X € £(f)

areg = o

fle 01 005 0025 001 0005 0.001 0.0005
1 308 631 1271 31.82 63.66 31831 636.62
2 1.89 292 430 696 9.92 2233 3160
3 1.64 235 3.18 454 5.84 10.21 12.92
4 153 2.13 278 375 460 7.17 8.61
5 1.48 202 257 336 403 5.89 6.87
6 144 194 245 314 371 5.21 5.96
7 1.41 1.89 236 300 350 4.79 5.41
8 1.40 1.86 231 290 336 4.50 5.04
9 1.38 1.83 226 282 325 4.30 4.78
10 1.37 181 223 276 317 4.14 4.59
i1 1.36  1.80 220 272 311 4.02 4.44
12 1.36 1.78 2.18 268 3.05 3.93 4.32
13 1.35 177 216 265  3.01 3.85 422
14 1.35 176 214 262 298 3.79 4.14
15 134 175 213 260 295 3.73 4.07
16 134 175 212 258 292 3.69 4.01
17 1.33 1.74 211 2.57  2.90 3.65 3.97
18 1.33 173 210 255  2.88 3.61 3.92
19 133 173 209 254 286 3.58 3.88
20 1.33 172 209 253 285 3.55 3.85
21 1.32 172 208 252 283 3.53 3.82
22 132 1720 207 251 2.82 3.50 3.79
23 1.32 171 207 250 281 3.48 3.77
24 1.32 171 206 249 280 3.47 3.75
25 1.32 1.71 206 249 279 3.45 3.73
26 1.31 171 206 248 278 3.43 3.71
27 1.31  1.70 2,05 247 277 3.42 3.69
28 1.31 170 2.05 247 276 3.41 3.67
29 131 170 205 246 276 3.40 3.66
30 131 1.70 2.04 246 275 3.39 3.65
40 130 1.68 202 242 270 3.31 3.55
60 130 1.67 200 239 266 3.23 3.46
120 1.29 1.66 198 236 262 3.16 3.37
oc 1.28 1.64 196 233 258 3.09 3.29




Tabie 11 Critical Values of Spesrman's Rank Chrnitation Table § (Continued )
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