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Please ensure that this examination paper contains TWENTY SEVEN printed pages
before you begin the examination.

Answer ALL questions. You may answer either in Bahasa Malaysia or in English.

Read the instructions carefully before answering.

Each question is worth 100 marks.

[Sila pastikan bahawa kertas peperiksaan ini mengandungi DUA PULUH TUJUH muka
surat yang bercetak sebelum anda memulakan peperiksaan ini.

Jawab SEMUA soalan. Anda dibenarkan menjawab sama ada dalam Bahasa Malaysia
atau Bahasa Inggeris.

Baca arahan dengan teliti sebelum anda menjawab soalan.

Setiap soalan diperuntukkan 100 markah.]
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Twelve batteries were tested to see how many hours they would last. The
frequency distribution is given below:

Hours Frequency
1-3 L
4-6 4
7-9 5
10-12 1
13-15 1
Find the
(i) mean
(i) median
(iii) mode

(iv) standard deviation.
(40 marks)

The number of trips made by each of six managers is shown below:
2,4.5,6,8,9.

; h .
(i) What value corresponds to the 30" percentile?
(ii) Construct a box plot and comment on the nature of the distribution.

(20 marks)

The average delivery charge for a refrigerator is RM32. The standard
deviation is RM4. Find the minimum percentage of data values that will fall
in the range of RM20 to RM44. Use Chebychev’s theorem.

(40 marks)
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At a large factory, the employees were surveyed and classified according to
their level of education and smoking habit. The data are shown in the table.

Educational Level
Smoking habit Not High School High School College
Graduate Graduate Graduate
Smoking 6 14 19
Non-smoking 18 7 25

If an employee is selected at random, find these probabilities.

(i) The employee smokes, given that he or she graduated from college.

(ii) Given that the employee did not graduate from high school, he or she is
a smoker.
(40 marks)

An automobile license plate consists of 3 letters followed by 4 digits. How
many different plates can be made if

(i) repetitions are allowed?

(ii) repetitions are allowed in the letters but not in the digits?
(40 marks)

In a survey, 58% adults said they had never heard of the internet. If 20 adults
are selected at random, find the probability that exactly 12 will say they never
heard of the internet.

(20 marks)

A recent study indicated that 29% of the 100 women over age 55 in the study
were widows.

(i) How large a sample must one take to be 90% confident that the estimate
is within 0.05 of the true propotion of women over age 55 who are
widows?

(ii) If no estimate of the sample proportion is available, how large should the

sample be?
(50 marks)
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A random sample of 49 shoppers showed that they spend an average of
RM23.45 per visit at a popular bookstore. The standard deviation of the
sample was RM2.80.

(i) Find a point estimate of the population mean.

(i) Find the 90% confidence interval of the true mean.
(50 marks)

A radio manufacturer claims that 65% of teenagers 13 to 16 years old have
their own portable radios. A researcher wishes to test the claim and selects a
random sample of 80 teenagers. She finds that 57 have their own portable
radios. At a= 0.05, should the claim be rejected? Use the P-value method.

(50 marks)

A film editor feels that the standard deviation for the number of minutes in a
video is 3.4 minutes. A sample of 24 videos has a standard deviation of 4.2
minutes. At o= 0.05, is the sample standard deviation different from what the
editor hypothesized?

(50 marks)

Let X be a discrete random variable with
) =k(x*+1),x=1,2,3,4.

(i) Find k.
(i) Find E(X) and V(X).
(iii) If a random sample of size 25 is taken with replacement from this
population, find P()? > 3.2).
(50 marks)

Let X be the lifespaus of a battery that is normally distributed with mean  and
variance . Given that 99.38% of them have lifespans more than 1000 hours
and 99.72% less than 3000 hours, determine 2 and o.

(50 marks)
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Dua belas bateri diuji untuk melihat sejauh mana (jam) bateri tersebut
bertahan. Taburan frekuensinya diberikan seperti berikut:

Jam Frekuensi
1-3 1
4-6 4
7-9 5
10-12 1
13-15 1
Cari
(i) min
(il) median
(iii) mod

(iv) sisihan piawai.
(40 markah)

Bilangan perjalanan yang dibuat oleh enam pengurus ialah seperti berikut:
2,4,5,6,8,9.

(i) Nilai apakah yang bersamaan dengan persentil ke-30?
(ii) Binakan plot kotak dan berikan komen terhadap jenis taburannya.

(20 markah)

Purata caj penghantaran untuk sebuah peti ais ialah RM32. Sisihan piawainya
RM4. Cari peratusan minimum untuk nilai data yang jatuh di dalam julat
RM20 ke RM44. Gunakan teorem Chebychev.

(40 markah)
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Di sebuah kilang yang besar, pekerjanya ditinjau dan dikelaskan mengikut
paras pendidikan dan tabiat merokok. Datanya adalah seperti dijadual berikut:

Paras Pendidikan
Tabiat Bukan Graduan Graduan Sekolah Graduan
merokok Sekolah Menengah Menengah Kolej
Merokok 6 14 19
Tidak Merokok 18 7 25

Jika seorang pekerja dipilih secara rawak, dapatkan kebarangkalian berikut:

(i) Pekerja itu merokok, diberi beliau seorang graduan kolej.

(ii) Diberi pekerja itu seorang yang bukan graduan sekolah menengah,

beliau ialah seorang perokok.
(40 markah)

Sekeping plat lesen kereta mengandungi 3 huruf diikuti dengan 4 digit.
Berapa banyakkah plat berlainan yang boleh dibuat jika

(i) ulangan dibenarkan?

(ii) ulangan dibenarkan untuk huruf tetapi tidak untuk digit?
(40 markah)

Di dalam satu tinjauan, 58% orang dewasa mengatakan mereka tidak pernah
mendengar tentang internet. Jika 20 orang dewasa dipilih secara rawak,
dapatkan kebarangkalian tepat 12 orang akan mengatakan bahawa mereka

tidak pernah mendengar tentang internet.
(20 markah)

Satu kajian terbaharu menunjukkan 29% daripada 100 wanita yang berumur
lebih daripada 55 tahun di dalam kajian itu adalah balu.

(i) Berapa besarkah saiz sampel yang mesti diambil untuk mendapat 90%
keyakinan bahawa anggaran itu berselisih dengan kadar sebenar di
dalam lingkungan 0.05 untuk balu yang berumur lebih daripada 55
tahun?

(ii) Jika anggaran sampel untuk kadar tidak dapat diperolehi, berapa

besarkah saiznya yang patut diambil?
(50 markah)

e
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Satu sampel rawak seramai 49 pembeli menunjukkan bahawa secara purata
mereka berbelanja sebanyak RM23.45 setiap kunjungan ke kedai buku yang
popular. Sisihan piawai sampel ialah RM2.80.

(i) Cari anggaran titik untuk min populasi.

(ii) Cari 90% selang keyakinan untuk min sebenar.
(50 markah)

Seorang pengusaha radio menuntut bahawa 65% daripada kanak-kanak
belasan tahun di antara 13 hingga 16 tahun mempunyai radio mudahalih
tersendiri. Seorang penyelidik ingin menguji tuntutan tersebut dan memilih
satu sampel rawak seramai 80 orang kanak-kanak belasan tahun. Dia
mendapati 57 daripada mereka memiliki radio mudahalih tersendiri. Pada

a=0.05, patutkah tuntutan itu ditolak. Gunakan kaedah nilai-P.
(50 markah)

Seorang editor filem merasakan bahawa sisihan piawai untuk bilangan minit
di dalam sebuah video ialah 3.4 minit. Satu sampel sebanyak 24 buah video
mempunyai sisihan piawai sebanyak 4.2 minit. Pada o = 0.05, adalah sisihan
piawai sampel ini berbeza daripada apa yang dihipotesiskan oleh editor itu?

(50 markah)

Andai X pembolehubah diskret dengan
Fx) =k(*+1),x=1,2,3,4

(i) Carik

(ii) Cari E(X) dan V(X).

(iii) Jika satu sampel rawak bersaiz 25 diambil dengan penggantian daripada
populasi ini, cari P()? > 3.2).
(50 markah)

Andai X masa hayat sebiji bateri yang bertaburan normal dengan min x dan
varians o®. Diberi 99.38% masa hayat bateri ini lebih daripada 1000 jam dan

99.72% kurang daripada 3000 jam, tentukan 4 dan o.
(50 markah)



Important Formulas

Chapter 3 Data Description

. X
Mean for individual data: X = z

n

= X

Mean for grouped data: X = Zf—i”-
n

Standard deviation for a sample:

\/ZX“[(ZX)Z/n]

n-1

Standard deviation for grouped data:

JZf-X:—[@f-me/n}

n-—1

range

Range rule of thumb: s ~

Median for grouped data:

MD:W—?‘if(W)um

where

n = sum of frequencies

¢f = cumulative frequency of class immediately preceding the median class
w = width of median class

f = frequency of median class

L., = lower boundary of median class

Chapter 4 Probability of Counting Rules

Addition rule 1 (mutually exclusive events):
P(4 or B)=P(A4)+P(B)

Addition rule 2 (events not mutually exclusive):
P(4or B)=P(A4)+P(B)-P(4and B)

Multiplication rule 1 (independent events):
P(A and B) =P(A): P(B)

[JIM 104]
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Multiplication rule 2 (dependent events):
P(Aand B)=P(A)-P(B|4)

P(4 and B)

Conditional probability: P(B|4)= ()

Complementary events: P (E ) =1-P(E)

Fundamental counting rule: Total number of outcomes of a sequence when each event
has a different number of possibilities: &, -k, -k;---k,

Permutation rule: Number of permutations of » objects taking r at a time is
n!

= (n—r)!

Combination rule: Number of combinations of r objects selected from » objects is
n!
" (n=r)ir!
Chapter 5 Discrete Probability Distributions
Mean for a probability distribution: x = Z[X P(X )]

Variance and standard deviation for a probability distribution:
o’ =Y [X*-P(X)]-4
ot = [Y[X* P(X)]-42

Expectation: E (X )= Z[X P (X):]

Binomial probability: P(X)= (n_—;z('T)Z oAkl i

Mean for binomial distribution: pg=n-p

Variance and standard deviation for the binomial distribution:

O'2=n~p-q O'::Jn.p.q

...10/-
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Multinomial probability:

- n! X X2 X3 X
S T R
g gt
Poisson probability: P (X ;/l) = where X =0, 1, 2, ...
. eyl o aCX ) Cn—X
Hypergeometric probability: P (X )=-4—4—t—=X
a+b~'n

Chapter 6 The Normal Distribution

X-p X-X
(o2 S

Standard score: z=
Mean of sample means: 45 = u

Standard error of the mean: o

Central limit theorem formula: z =

o/\In

Chapter 7 Confidence Intervals and Sample Size

z confidence interval for means:

K=z ('\7-_;) <p<X+z,, [%}

t confidence interval for means:

H=r ('\S_/;J << Xtt,, (—j—;]

2
: 2 . : .
Sample size for means: »n= (—g’z—j where E is the maximum error of estimate

Confidence interval for a proportion:
. 1P . |Pd
p_(za/Z) %<p<p+(za/2) T

. 11/-
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2
Sample size for a proportion: 7= pg [ Z;j/z )

where f)=£ and g=1-p
n

Confidence interval for variance:

(n l)s (n l)s

Z right Z left

Confidence interval for standard deviation:

’(n—l)s2 Py l(n—l)s2
Zfight Zliﬁ

Chapter 8 Hypothesis Testing

>
e

o/vn

ztest: z=

z= _X__,u_ for o-unknown and » > 30

s/\/_

ttest:t— forn<30(@d.f.=n-1)

s/\/_

"~

z test for proportions: z= p_p
Npa/n

Chi-square test for a single variance: ¥

df.=n-1)

2
o

,_(n=1)s’

[JIM 104]

for any value n. If n < 30, population must be normally distributed.

.. 12/-
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p
n x 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95
2 0 0.902 0.810 0.640 0.490 0.360 0.250 0.160 0.090 0.040 0.010 0.002
] 0.095 0.180 0.320 0.420 0.480 0.500 0.480 0.420 0.320 0.180 0.09;
2 0.002 0.010 0.040 0.090 0.160 0.250 0.360 0.490 0.640 0.810 ().90:3
3 0 0.857 0.729 0.512 0.343 0.216 0.125 0.064 0.027 0.008 0.001
| 0.135 0.243 0.384 - 0.441 0.432 0.375 02887 0.189 0.096 0.027 0.007
2 0.007 0.027 0.096 0.189 0.288 0.375 0.432 0.441 0.384 0.243 0.135
3 0.001 0.008 0.027 0.064 0.125 0.216 0.343 0.512 0.729 0.857
4 0 0.815 0.656 0.410 0.240 0.130 0.062 0.026 0.008 0.002
1 0.171 0.292 0.410 0.412 0.346 0.250 0.154 0.076 0.026 0.004
2 0.014 0.049 0.154 0.265 0.346 0.375 0.346 0.265 0.154 0.049 0.014
3 0.004 0.026 0.076 0.154 0.250 0.346 0.412 0.410 0.292 0.171
4 0.002 0.008 0.026 0.062 0.130 0.240 0.410 0.656 0.815
5 0 0.774 0.590 0.328 0.168 0.078 0.031 0.010 0.002
| 0.204 0.328 0.410 0.360 0.259 0.156 0.077 0.028 0.006
2 0.021 0.073 0.205 0.309 0.346 0.312 0.230 0.132 0.051 0.008 0.001
3 0.001 0.008 0.051 0.132 0.230 0.312 0.346 0.309 0.205 0.073 0.021
4 0.006 0.028 0.077 0.156 0.259 0.360 0.410 0.328 0.204
S5 0.002 0.010 0.031 0.078 0.168 0.328 0.590 0.774
6 0 0.735 0.531 0.262 0.118 0.047 0.016 0.004 0.001
1 0.232 0.354 0.393 0.303 0.187 0.094 0.037 0.010 0.002
2 0.031 0.098 0.246 0.324 0.311 0.234 0.138 0.060 0.015 0.001
3 0.002 0.015 0.082 0.185 0.276 0.312 0.276 0.185 0.082 0.015 0.002
4 0.001 0.015 0.060 0.138 0.234 0.311 0.324 0.246 0.098 0.031
5 0.002 0.010 0.037 0.094 0.187 0.303 0.393 0.354 0.232
6 0.001 0.004 0.016 0.047 0.118 0.262 0.531 0.735
7 0 0.698 0.478 0.210 0.082 0.028 0.008 0.002
I 0.257 0.372 0.367 0.247 0.131] 0.055 0.017 0.004 )
2 0.041 0.124 0.275 0.318 0.261 0.164 0.077 0.025 0.004
3 1 0.004 0.023 0.115 0.227 0.290 0.273 0.194 0.097 0.029 0.003
4 0.003 0.029 0.097 0.194 0.273 0.290 0.227 0.115 0.023 0.004
5 ' 0.004 0.025 0.077 0.164 0.261 0.318 0.275 0.124 0.041
6 0.004 0.017 0.055 0.131 0.247 0.367 0.372 0:257
7 . 0.002 0.008 0.028 0.082 0.210 0.478 0.698
8 0 0.663 0.430 0.168 0.058 0.017 0.004 0.001
1 0.279 0.383 0.336 0.198 0.090 0.031 0.008 0.001
2 0.051 0.149 0.294 0.296 0.209 0.109  -0.044— 0.010 0.001
3 0.005 0.033 0.147 0.254 0.279 0.219 0.124 0.047 0.009
4 0.005 0.046 0.136 0.232 0.273 0.232 0.136 0.046 0.005
5 0.009 0.047 0.124 0.219 0.279 0.254 0.147 0.033 0.005
6 0.001 0.010 0.041 0.109 0.209 0.296 0.294 0.149 0.051
7 0.001 0.008 0.031 0.090 0.198 0.336 0.383 0.279
8 0.001 0.004 0.017 0.058 0.168 0.430 0.663

...13/-
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(continued)
p
n X 0.05 0.1 0.2 0.3 0.4 , 0.5 0.6 0.7 0.8 0.9 0.95
9 0 0.630 0.387 0.134 0.040 0.010 0.002
1 0.299 0.387 0.302 0.156 0.060 0.018 0.004
2 0.063 0.172 0.302 0.267 0.161 0.070 0.021 0.004
3 0.008- 0.045 0.176 0.267 0.251 0.164 0.074 0.021 0.003
-4 0.001 0.007 0.066 0.172 0.251 0.246 0.167 0.074 0.017 0.001
5 0.001 0.017 0.074 0.167 0.246 0.251 0.172 0.066 0.007 0.001
6 0.003 0.021 0.074 0.164 0.251 0.267 0.176 0.045 0.008
7 0.004 0021 0070 0161 0267 0302 0172 0063
8 0004 008 0060 0156 0302 0387  02y9
9 — 0.002 0.010 0.040 0.134 0.387 0.630
10 0 0.599 0.349 0.107 0.028 0.006 0.001
1 0.315 0.387 0.268 0.121 0.040 0.010 0.002
2 0.075 0.194 0.302 0.233 0.121 0.044 0.011 0.001
3 0.010 0.057 0.201 0.267 0.215 0.117 0.042 0.009 0.001
4 0.001 0.011 0.088 0.200 0.251 0.205 0.111 0.037 0.006
5 0.001 0.026 0.103 ~ 0.201 0.246 0.201 0.103 0.026 0.001
6 0.006 0.037 0.111 0.205 0.251 0.200 0.088 0.011 0.001
7 0.001 0.009 0.042 0.117 0.215 0.267 0.201 0.057 0.010
8 : 0.001 0.011 0.044 0.121 0.233 0.302 0.194 0.075
9 0.002 0.010 0.040 0.121 0.268 0.387 0.315
10 0.001 0.006 0.028 0.107 0.349  0.599
11 0 0.569 0.314 0.086 0.020 0.004
| 0.329 0.384 0.236 0.093 0.027 0.005 0.001
2 0.087 0.213 0.295 0.200 0.089 0.027 0.005 0.001
3 0.014 0.071 0.221 0.257 0.177 0.081 0.023 0.004
4 0.001 0.016 0.111 0.220 0.236 0.161 0.070 0.017 0.002
5 0.002 0.039 0.132 0.221 0.226 0.147 0.057 0.010 )
6 0.010 0.057 0.147 0.226 0.221 0.132 0.039 0.002
7 0.002 0.017 0.070 0.161 0.236 0.220 0.111 0.016 0.001
8 0.004 0.023 0.081 0.177 0.257 0.221 0.071 0.014
9 0.001 0.005 0.027 0.089 0.200 0.295 0.213 0.087
10 0.001 0.005 0.027 0.093 0.236 0.384 0.329
11 0.004 0.020 0.086 0.314 0.569
12 0 0.540 0.282 0.069 0.014 0.002
| 0.341 0.377 0.206 0.071 0.017 0.003
2 0.099 0.230 0.283 0.168 0.064 0.016 0.002
3 0.017 0.085 0.236 0.240 0.142 0.054 0.012 0.001
4 0.002 0.021 0.133 0.231 0.213 0.121 0.042 0.008 0.001
5 0.004 0.053 0.158 0.227 0.193 0.101 0.029 0.003
6 0.016 0.079 0.177 0.226 0.177 0.079 0.016
7 0.003 0.029 0.101 0.193 0.227 0.158 - 0.053 0.004
8 0.001 0.008 — 0.042 0.121 0213 0.231 0.133 0.021 0.002
9 0.001 - 0.012 0.054 0.142 0.240 0.236 0.085 0.017
10 0.002 0.016 0.064 0.168 0.283 0.230 0.099
11 0.003 0.017 0.071 0.206 0.377 0.341
12 0.002 0.014 0.069 0.282 0.540

... 14/-
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1
no| x| 005 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 . ooriihid
13 | 0| 0513 0254 0055 0010  0.001 i
1 | 0351 0367 0179 0054 0011  0.002 :
2 | 0111 0245 0268 039 0045 0010 0001 Lty
3| 0021 0100 0246 0218 0111 0035 0006  0.001 A
4 | 0003 0028 0154 0234 0184 0087 0024  0.003 |
5 0006 0069 0180 0221 0157 0066 0014  0.001 2
6 0001 0023 0103 0197 0209 0131 0044  0.006
7 0006 0044 0131 0209 0197 0103 0023 000
8 0001 0014 0066 0157 0221  0.180 0069  0.006 ,
9 0003 0024 0087 0184 0234 0154 0028 0003
10 0001 0006 0035 0111 0218 0246 0100 0021
11 0001 0010 0045 0139 0268 0245 0.1
12 0002 0011 0054 0179 0367 0351
13 0001 0010 0055 0254 0513

14 | 0 | 0488 0229 0044 0007  0.001 ]
1 | 0359 035 0154 0041 0007 0001
2 | 0123 0257 025 0113 0032 0006 0.0
3| 0026 0114 0250 0194 0085 002  0.003
410004 0035 0172 0229 0155 0061 0014  0.001
5 0.008 0086 0196 0207 0122 0041  0.007
6 0001 0032 0126 0207 018 0092 0023  0.002
7 0009 0062 0157 0209 0157 0062  0.009
8 0002 0023 0092 0183 0207 026 0032  0.001
9 0007 0041 0122 0207 0196 008  0.008
10 0001 0014 0061 0155 0229 0.72 0035  0.004
11 0003 0022 0085 0194 0250 0.14  0.026
12 0001 0006 0032 0113 0250 0257  0.123
13 0001 0007 0041 0154 0356  0.359
14 0.001 - 0007 0044 0229  0.488

15 | 0 | 0463 0206 0035  0.005
1| 0366 0343 0132 0031  0.005
2 | 0135 0267 0231 0092 0022 - 0.003
3 | 0031 0120 025 0170 0063 0014  0.002
4 | 0005 0043 0188 0219 0127 0042 0007  0.001
5 | 0001 0010 0103 0206 018 0092 0024  0.003
6 0002 0043 0147 0207 0153 0061 0012  0.001
7 0014 0081 0177 0196 0118 0035  0.003
8 0003 0035 0118 019 0177 0081 0014
9 0001 ‘0012 0061 0153 0207 0147  0.043  0.002
10 0003 0024 0092 018 0206 0103 0010  0.001
11 0001 0007 0042 0127 0219 0.8 0043  0.005
12 0002 0014 0063 0170 0250 0129  0.031
13 0003 0022 0092 0231 0267  0.135
14 0005 0031 -0.132 0343  0.366
15 0005 0035 0206 0463

...15/-
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- Table B:
n x 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95
16 0 | 0440  0.185 0028  0.003
1 | 0371 0329 0113 0023  0.003
2 | D146 0275 0211 0073 0015  0.002
3 | 003 0142 0246  0.146  0.047 0009  0.001
4 | 0006 0051 0200 0204 0.101 0028  0.004
5 | 0001 0014 0120 0210 0162 0067 0014  0.001
6 0.003  0.055 0.165 0198 0122 0039  0.006
7 0.020 0.101 0189 0175 0084 0019  0.001
8 0.006  0.049 0142 0196 0142 0049  0.006
9 0.001  0.019 0084 0175 °0.189 0101  0.020
10 0.006 0039 0122 ~0.198 0165 0055  0.003
11 0.001 0014 0067 0.162 0210 0120 0014  0.001
12 0.004 0028 0101 0204 0200 0051  0.006
13 0.001 0009 0047 0146 0246  0.142  0.036
14 0002 0015 0073 0211 0275  0.146
15 0003 0023 0113 0329 0371
16 0003 0028  0.185  0.440
17 0 | 0418 - 0167 0.023  0.002
1 | 0374 0315 009 0017  0.002
2 | 0158 0280 0191 0058 0010  0.001
3 | 0041 0156 0239 0125  0.034  0.005
4 | 0008 0060 0209 0.187 0080 0018 0002
5 | 0001 0017 0136 0208 0138 0047 0008  0.001
6 0.004 0068 0.178  0.184  0.094 0024  0.003
7 0.001 0027 0120 0193  0.148 0057  0.009
8 0.008 0064 0161 0.8 0107 0028  0.002
9 0.002 0028 0107 0.8 0161 .0.064  0.008
10 0009 0057 0.148 0193 0120 0027  0.001
11 0003  0.024 0094 0184 0178 0068  0.004
12 0001 0008 0047 0.I38 0208 0136 0017  0.001
13 0.002  0.018 008 0187 0209 0060  0.008
14 0.005 0034 0.125 0239 0156  0.041
15 : 0.001 0010 0058  0.91 0280  0.158
16 0.002 0017 009 0315 0374
17 0002 0023 0167 0418
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n x 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95
18 0 0.397 0.150 0.018 0.002
1 0.376 0.300 0.081 0.013 0.001
2 0.168 0.284 0.172 0.046 0.007 0.001
3 0.047 0.168 0.230 0.105 0.025 0.003
4 0.009 0.070 0.215 0.168 0.061 0.012 0.001
5 0.001 0.022 0.151 0.202 0.115 0.033 0.004 -
6 0.005 0.082 0.187 0.166 0.071 0.015 0.001
7 0.001 0.035 0.138 0.189 0.121 0.037 0.005
8 0.012 0.081 0.173 0.167 0.077.  0.015 0.001
9 0.003 0.039 0.128 0.185 0.128 0.039 0.003
10 0.001 0.015 0.077 0.167 0.173 0.081 0.012
11 0.005 0.037 0.121 0.189 0.138 0.035 0.001
12 0.001 0.015 0.071 0.166 0.187 0.082 0.005
13 0.004 0.033 0.115 0.202 0.151 0.022 0.001
14 0.001 0.012 0.061 0.168 0.215 0.070 0.009
15 0.003 0.025 0.105 0.230 0.168 0.047
16 0.001 0.007 0.046 0.172 0.284 0.168
17 0.001 0.013 0.081 0.300 0.376
18 0.002 0.018 0.150 0.397
19 0 0.377 0.135 0.014 0.001
1 0.377 0.285 0.068 0.009 0.001
2 0.179 0.285 0.154 0.036 0.005
3 0.053 0.180 0.218 0.087 0.017 0.002
4 0.011 0.080 0.218 0.149 0.047 0.007 0.001
5 0.002 0.027 0.164 0.192 0.093 0.022 0.002
6 0.007 0.095 0.192 0.145 0.052 0.008 0.001
7 0.001 0.044 0.153 0.180 0.096 0.024 0.002
8 0.017 0.098 0.180 0.144 0.053 0.008
9 0.005 0.051 0.146 0.176 0.098 0.022 0.001
10 0.001 0.022 0.098 0.176 0.146 0.051 0.005
11 0.008 0.053 0.144 0.180 0.098 0.071
12 0.002 0.024 0.096 0.180 0.153 0.044 0.001
13 0.001 0.008 0.052 0.145 0.192 0.095 0.007
14 0.002 0.022 0.093 0.192 0.164 0.027 0.002
15 0.001 0.007 0.047 0.149 0.218 0.080 0.011
16 0.002 0.017 0.087 0.218 0.180 0.053
17 0.005 0.036 0.154 0.285 0.179
18 0.001 0.009 0.068 0.285 0.377
19 0.001 0.014 0.135 0.377

. 17/-
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-~ (concluded) -
n x 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95
20 0 | 0358 0.22 0012  0.001
1 | 0377 0270 0058  0.007
2 | 018 0285 0.137 0028  0.003
3 | 0060 0.190 0205 0072 0012  0.001
4 | 0013 009 0218 0130 0035 0005
5 | 0002 0032 0175 0179 0075 0015  0.001
6 0.009  0.109 0.192  0.124 0037  0.005
7 0.002  0.055 0.164  0.166 0074 0015  0.001
8 0.022  0.114 0180 0120 0035  0.004
9 0.007 0065 0.160  0.160 , 0071  0.012
10 0.002 0031  0.117 0176 0117 0031  0:002
11 0012 0071 0160 0.160 0065  0.007
12 0004 0035 0120 0.8  0.114  0.022
13 0001 0015 0074 0.166 0164 0055  0.002
14 0.005 0037 0124 0192  0.109  0.009
15 0.001 0015 0075 0179 0175  0.032  0.002
16 | 0005 0035 0130 0218° 0.090  0.013
17 0001 0012 0072 0205 0.190  0.060
18 : 0003 0028 0137 0285  0.189
19 : - 0007 0058 0270 0377
20 0001 0012  0.122  0.358

Note: All values of 0.0005 or less are omitted.

Source: John E. Freund, Modern Elémenlary Statistics, 8th ed., © 1992. Reprinted by permission of Prentice-Hall, Inc., Upper Saddle River. N.J.
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The Poisson Distribution

x 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0 9048 8187 7408 6703 6065 5488 4966 4493 4066 3679
1 .0905 1637 2222 2681 3033 3293 3476 3595 3659 3679
2 .0045 0164 0333 0536 0758 .0988 1217 .1438 1647 1839
3 .0002 0011 .0033 .0072 0126 0198 0284 .0383 0494 0613
4 ~.0000 .0001 .0003 .0007 0016 .0030 .0050 -.0077 0111 0153
5 10000 .0000 .0000 .0001 .0002 .0004 .0007 .0012 .0020 0031
6 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0002 .0003 0005
7 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
x 1.1 12 1.3 1.4 1.5 1.6 17 1.8 1.9 2.0
0 3329 3012 2725 2466 2231 2019 .1827 1653 .1496 1353
1 3662 3614 3543 3452 3347 3230 3106 2975 2842 2707
) 2014 2169 2303 2417 2510 2584 2640 2678 2700 2707
3 0738 0867 .0998 1128 1255 1378 1496 1607 1710 1804
4 .0203 10260 0324 .0395 0471 0551 0636 0723 0812 0902
5 .0045 .0062 .0084 0111 0141 0176 0216 0260 .0309 0361
6 .0008 .0012 .0018 .0026 .0035 0047 0061 .0078 .0098 0120
7 .0001 .0002 .0003 .0005 .0008 0011 0015 .0020 .0027 0034
8 .0000 .0000 .0001 .0001 .0001 .0002 .0003 .0005 .0006 .0009
9 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0001 .0001 .0002
x 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0
0 1225 .1108 .1003 0907 0821 0743 0672 .0608 0550 0498
1 2572 2438 2306 2177 2052 1931 1815 1703 1596 1494
2 2700 2681 2652 2613 2565 2510 2450 2384 2314 2240
3 .1890 1966 2033 2090 2138 2176 2205 2225 2237 2240
4 .0992 .1082 1169 1254 1336 1414 .1488 1557 1622 .1680
5 0417 0476 .0538 0602 0668 - .0735 .0804 0872 .0940 .1008
6 0146 0174 10206 0241 0278 0319 0362 0407 .0455 0504
7 .0044 .0055 .0068 .0083 .0099 0118 .0139 0163 0188 0216
8 0011 .0015 .0019 0025 .0031 .0038 .0047 .0057 .0068 .0081
9 .0003 .0004 .0005 .0007 .0009 .0011 0014 0018 .0022 .0027
10 .0001 .0001 .0001 .0002 .0002 .0003 .0004 .0005 .0006 .0008
11 .0000 .0000 .0000 .0000 .0000 .0001 .0001 .0001 .0002 .0002
12 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
x 3.1 3.2 3.3 3.4 3.5 3.6 37 3.8 3.9 4.0
0 0450 .0408 0369 0334 0302 0273 0247 0224 .0202 0183
1 1397 .1304 1217 1135 1057 .0984 0915 0850 .0789 0733
2 2165 2087 2008 1929 1850 197 1692 1615 1539 1465
3 2237 2226 2209 2186 2158 2125 2087 2046 2001 .1954
4 1734 1781 1823 .1858 .1888 1912 1931 1944 1951 1954
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(continued)

x 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0
5 1075 1140 1203 1264 1322 1377 1429 1477 1522 1563
6 .0555 0608 0662 0716 0771 0826 0881 0936 0989 1042
7 0246 0278 0312 0348 0385 0425 0466 0508 0551 0595
8 0095 0111 0129 0148 0169 0191 0215 0241 - .0269 0298
9 0033 0040 .0047 0056 0066 0076 0089 0102 0116 0132
10 0010 0013 0016 0019 0023 0028 0033 0039 0045 0053
1 .0003 0004 .0005 .0006 0007 .0009 0011 0013 0016 0019
12 .0001 .0001 .0001 0002 .0002 0003 .0003 .0004 0005 .0006
13 .0000 .0000 .0000 .0000 .0001 0001 0001 0001 0002 0002
14 0000 .0000 .0000 .0000 .0000 0000 .0000 .0000 0000 0001
x 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0
0 0166 0150 0136 0123 0111 0101 0091 .0082 0074 0067
I 0679 0630 0583 0540 0500 0462 0427 0395 0365 0337
2 1393 1323 1254 1188 1125 1063 1005 0948 0894 0842
3 1904 1852 1798 1743 1687 1631 1574 1517 1460 1404
4 1951 .1944 1933 1917 1898 1875 1849 1820 1789 1755
5 .1600 1633 1662 1687 1708 1725 1738 1747 1753 1755
6 .1093 1143 1191 1237 1281 1323 1362 1398 1432 1462
7 0640 0686 0732 0778 0824 0869 0914 0959 1002 1044
8 0328 0360 0393 0428 0463 .0500 0537 0575 0614 0653
9 0150 0168 0188 0209 0232 0255 0280 0307 0334 0363
10 0061 0071 0081 0092 0104 0118 0132 0147 0164 0181
1 0023 0027 0032 0037 0043 0049 0056 0064 0073 0082
12 0008 .0009 0011 0014 0016 0019 0022 0026 .0030 0034
13 0002 .0003 .0004 .0005 .0006 .0007 0008 0009 0011 0013
14 0001 0001 0001 0001 0002 0002 0003 0003 0004 0005
15 .0000 .0000 .0000 .0000 .0001 0001 0001 .0001 0001 0002
x 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 6.0
0 0061 .0055 0050 0045 0041 0037 0033 0030 0027 0025
1 0311 0287 0265 0244 0225 0207 0191 0176 0162 0149
2 0793 0746 0701 0659 0618 0580 0544 0509 0477 0446
3 1348 1293 1239 1185 1133 1082 1033 0985 0938 0892
4 1719 1681 1641 1600 1558 1515 1472 1428 1383 1339
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(continued)

x 5.1 5.2 53 5.4 5.5 5.6 5.7 5.8 5.9 6.0
5 1753 .1748 1740 1728 1714 1697 1678 1656 1632 1606
6 1490 1515 1537 1555 1571 1584 1594 1601 1605 1606
7 1086 1125 1163 .1200 1234 1267 1298 1326 1353 1377
8 0692 0731 0771 0810 0849 0887 0925 0962 0998 -1033-
9 0392 0423 0454 0486 0519 0552 -.0586 0620 0654 0688
10 0200 .0220 0241 0262 0285 0309 0334 0359 0386 0413
1 0093 0104 0116 0129 0143 0157 0173 0190 0207 0295
12 0039 0045 .0051 0058 0065 0073 0082 .0092 0102 0113
13 0015 0018 0021 0024 0028 0032 0036 0041 0046 0052
14 .0006 0007 .0008 .0009 0011 0013 0015 .0017 0019 0022
15 0002 .0002 .0003 .0003 0004 0005 0006 .0007 0008 0009
16 0001 .0001 .0001 .0001 .0001 .0002 0002 .0002 .0003 0003
17 .0000 .0000 .0000 .0000 L0000 0000 0001 0001 0001 0001
x 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0
0 0022 .0020 0018 0017 0015 0014 0012 0011 0010 0009
I 0137 0126 0116 0106 0098 0090 0082 0076 0070 0064
2 0417 .0390 0364 0340 0318 0296 0276 0258 0240 0223
3 0848 .0806 0765 0726 0688 0652 0617 0584 0552 0521
4 1294 1249 1205 d162 1118 1076 1034 0992 0952 0912
5 1579 .1549 1519 1487 1454 1420 1385 1349 1314 1277
6 .1605 1601 1595 1586 1575 1562 1546 1529 1511 1490
7 1399 1418 1435 .1450 1462 1472 1480 1486 1489 1490
8 1066 1099 1130 1160 1188 1215 1240 1263 1284 4304
9 0723 0757 0791 0825 0858 0891 0923 0954 0985 1014
10 0441 0469 0498 0528 0558 0588 0618 0649 0679 0710
) 0245 0265 0285 0307 0330 0353 0377 0401 0426 0432
12 0124 0137 0150 0164 0179 0194 0210 0227 0245 0264
13 0058 0065 0073 0081 .0089 .0098 0108 0119 0130 0142
14 0025 0029 0033 .0037 0041 0046 0052 .0058 0064 0071
15 0010 0012 0014 0016 0018 0020 0023 0026 0029 0033
16 0004 0005 .0005 0006 0007 .0008 0010 0011 0013 0014
17 0001 0002 .0002 .0002 0003 0003 0004 0004 .0005 0006
18 .0000 .0001 0001 .0001 .0001 0001 0001 .0002 0002 . .0002
19 .0000 0000 .0000 .0000 0000 .0000 0000 0001 0001 0001
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3ble (continued)
x 7.1 22 7.3 7.4 7.5 7.6 7.7 78 =9 50
0 .0008 0007 0007 0006 0006 .0005 0005 0004 0004 0003
1 0059 0054 0049 0045 0041 0038 0035 0032 0029 0027
2 0208 0194 0180 0167 0156 0145 0134 0125 0116 0107
3 0492 0464 0438 0413 0389 0366 0345 0324 0305 0286
4 0874 0836 .0799 0764 0729 0696 0663 0632 0602 0573
5 1241 1204 1167 1130 1094 1057 1021 .0986 0951 0916
6 1468 1445 1420 1394 1367 1339 1311 1282 1252 1221
7 1489 1486 1481 1474 1465 1454 1442 1428 1413 1396
8 13217 1337 1351 1363 1373 1382 1388 1392 1395 1396
9 .1042 1070 .1096 1121 1144 1167 1187 1207 1224 124
10 .0740 0770 .0800 .0829 0858 0887 0914 0941 0967 0993
1 0478 0504 0531 0558 0585 0613 0640 .0667 0695 0722
12 0283 0303 0323 0344 0366 0388 0411 0434 0457 0481
13 0154 0168 0181 0196 0211 0227 0243 0260 0278 0296
14 0078 0086 .0095 0104 0113 0123 0134 0145 0157 0169
15 0037 0041 0046 0051 0057 0062 0069 0075 .0083 0090
16 0016 0019 0021 0024 0026 0030 0033 0037 0041 0045
[ .0007 .0008 .0009 0010 0012 0013 0015 0017 0019 0021
18 .0003 .0003 .0004 .0004 .0005 0006 .0006 0007 0008 0009
19 0001 .0001 .0001 0002 .0002 0002 0003 0003 0003 0004
20 0000 .0000 0001 0001 0001 0001 0001 0001 0001 0002
21 .0000 .0000 .0000 .0000 .0000 0000 .0000 .0000 0001 0001
x 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9 9.0
0 .0003 0003 0002 0002 0002 0002 0002 0002 0001 0001
I 0025 0023 0021 0019 0017 0016 0014 0013 0012 0011
2 0100 0092 .0086 0079 0074 0068 0063 0058 0054 0050
3 0269 0252 0237 0222 0208 0195 0183 0171 0160 0150
4 0544 0517 049] 0466 0443 0420 0398 0377 0357 0337
5 0882 0849 0816 0784 0752 0722 0692 0663 0635 0607
6 1191 1160 1128 1097 1066 1034 11003 0972 0941 0911
7 1378 1358 1338 1317 1294 1271 1247 1222 1197 1171
8 1395 1392 1388 1382 1375 1366 1356 1344 1332 1318
9 1256 1269 1280 1290 1299 1306 1311 1315 1317 1318
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(continued)

x 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9 9.0
10 1017 1040 .1063 1084 1104 1123 1140 1157 1172 1186
1 0749 0776 .0802 0828 0853 0878 .0902 0925 0948 0970
12 0505 10530 0555 0579 0604 0629 0654 0679 0703 0728
13 0315 0334 0354 0374 0395 0416 0438 0459 048] 0504
14 0182 0196 0210 10225 .0240 0256 0272 .0289 0306 0324
15 .0098 0107 0116 0126 0136 0147 0158 0169 0182 0194
16 .0050 .0055 .0060 .0066 .0072 0079 .0086 .0093 0101 0109
17 .0024 .0026 .0029 0033 0036 .0040 0044 0048 0053 0058
18 0011 .0012 0014 0015 0017 0019 0021 0024 0026 0029
19 .0005 .0005 .0006 0007 .0008 .0009 0010 .0011 0012 0014
20 .0002 .0002 .0002 .0003 .0003 .0004 .0004 .0005 .0005 0006
2] .0001 0001 .0001 .0001 .0001 .0002 .0002 .0002 0002 .0003
) .0000 .0000 .0000 .0000 0001 .0001 0001 0001 0001 0001
x 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10.0
0 .0001 .0001 .0001 0001 .0001 0001 0001 .0001 .0001 L0000
1 .0010 .0009 .0009 .0008 .0007 .0007 0006 .0005 .0005 0005
;) .0046 0043 .0040 0037 0034 0031 0029 .0027 .0025 0023
3 0140 013] 0123 0115 0107 0100 0093 .0087 0081 0076
4 0319 0302 0285 0269 0254 0240 0226 0213 0201 0189
5 0581 0555 .0530 0506 0483 0460 0439 0418 .0398 0378
6 0881 0851 0822 0793 0764 0736 0709 0682 0656 063
7 1145 1118 1091 1064 1037 1010 .0982 .0955 .0928 0901
8 1302 1286 1269 1251 1232 1212 1191 1170 1148 1126
9 1317 1315 1311 1306 1300 1293 1284 1274 1263 1251
10 1198 1210 1219 Ja88 1235 1241 1245 1249 1250 1251
11 0991 1012 1031 1049 1067 1083 .1098 1112 1125 1137
12 0752 0776 .0799 0822 0844 0866 0888 0908 .0928 0948
13 0526 0549 0572 0594 0617 0640 0662 0685 0707 0729
14 0342 0361 0380 10399 0419 0439 0459 0479 .0500 0521
15 0208 0221 0235 0250 0265 0281 0297 0313 0330 0347
16 0118 0127 0137 0147 0157 0168 0180 0192 .0204 0217
17 0063 .0069 0075 0081 .0088 .0095 0103 0134 0119 0128
18 0032 0035 0039 0042 0046 .0051 .0055 .0060 .0065 0071
19 0015 0017 0019 0021 .0023 0026 0028 0031 0034 .0037
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x 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10.0
20 .0007 .0008 .0009 .0010 .0011 .0012 .0014 .0015 .0017 .0019
21 .0003 .0003 .0004 .0004 .0005 .0006 .0006 .0007 .0008 .0009
22 .0001 .0001 .0002 .0002 .0002 .0002 .0003 .0003 .0004 .0004
23 .0000 .0001 .0001 .0001 .0001 .0001 .0001 .0001 .0002 .0002
24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0001 .0001
X 11 12 13 14 15 16 17 18 19 20
0 .0000 .0000 .0000 .0000 .0000 .0006 .0000 .0000 .0000 .0000
ik .0002 .0001 ;0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
2 .0010 .0004 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0000
3 .0037 .0018 .0008 .0004 .0002 .0001 .0000 .0000 .0000 ..0000
4 .0102 .0053 .0027 .0013 .0006 .0003 .0001 .0001 .0000 .0000
5 .0224 .0127 .0070 .0037 .0019 .0010 .0005 .0002 .0001 .0001
6 .0411 .0255 0152 .0087 .0048 .0026 0014 .0007 .0004 ..0002
7 .0646 .0437 028 1 .0174 .0104 .0060 .0034 .0018 - .0010 .0005
8 .0888 .0655 0457 .0304 .0194 .0120 .0072 .0042 .0024 .0013
9 - .1085- .0874 .0661 .0473 .0324 .0213 .0135 .0083 .0050 .0029
10 1194 .1048 .0859 .0663 .0486 .0341 .0230 .0150 .0095 .0058
11 1194 1144 1015 .0844 .0663 .0496 .0355 .0245 .0164 .0106
12 .1094 1144 .1099 .0984 .0829 .0661 .0504 .0368 .0259 .0176
13 .0926 .1056 .1099 .1060 .0956 .0814 .0658 .0509 .0378 .0271
14 .0728 .0905 1021 .1060 .1024 .0930 .0800 .0655 - .0514 .0387
15 .0534 .0724 .0885 .0989 .1024 .0992 .0906 .0786 .0650 .0516
16 .0367 .0543 .0719 .0866 .0960 .0992 .0963 .0884 0772 .0646
17 .0237 .0383 .0550 .0713 .0847 .0934 .0963- .0936 .0863 .0760
18 .0145 .0256 .0397 .0554 .0706 .0830 .0909 .0936 .0911 .0844
19 .0084 .0161 .0272 .0409 .0557 .0699 .0814 .0887 .0911 .0888
20 .0046 .0097 0177 .0286 .0418 .0559 .0692 .0798 .0866 .0888
21 .0024 .0055 .0109 .0191 .0299 .0426 .0560 .0684 .0783 .0846
22 .0012 .0030 .0065 .0121 .0204 .0310 .0433 .0560 .0676 .0769
23 .0006 .0016 .0037 .0074 .0133 .0216 .0320 .0438 .0559 .0669
24 .0003 .0008 .0020 .0043 .0083 .0144 .0226 .0328 .0442 0357
25 .0001 .0004 .0010 .0024 .0050 .0092 .0154 .0237 .0336 .0446
26 .0000 .0002 .0005 .0013 .0029 .0057 .0101 .0164 .0246 .0343
27 .0000 .0001 .0002 .0007 .0016 .0034 .0063 .0109 .0173 0254
28 .0000 .0000 .0001 .0003 .0009 .0019 .0038 .0070 .0117 .0181
29 .0000 .0000 .0001 .0002 .0004 .0011 .0023 .0044 .0077 0125
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(conolde)

x 11 12 13 14 15 16 17 18 19

30 .0000 .0000 .0000 .0001 .0002 .0006 .0013 .0026 .0049
31 .0000 .0000 .0000 .0000 .0001 ©.0003 .0007 .0015 .0030
32 .0000 .0000 .0000 .0000 .0001 .0001 .0004 .0009 .0018
33 .0000 .0000 .0000 .0000 .0000 .0001 .0002 .0005 .0010
34 .0000 ©.0000 .0000 .0000 .0000 .0000 — .0001 .0002 .0006
35 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0003
36 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0002
37 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
38 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
39 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

Reprinted with permission from W. H. Beyer, Handbook of Tubles for Probability and Statistics, 2nd ed. Copyright CRC Press, Boca Raton, Fla., 1986.
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The Standard Normal Distribution

z .00 01 02 03 04 05 .06 07 08 09
0.0 0000 0040 0080 0120 0160 0199 0239 0279 0319 (35
0.1 0398 0438 0478 0517 0557 0596 0636 0675 0714 753
0.2 0793 0832 0871 0910 0948 0987 1026 1064 1103 1141
0.3 1179 1217 1255 1293 1331 1368 1406 1443 J480  gs)7
0.4 1554 1591 1628 1664 1700 1736 1772 1808 1844 1879
0.5 1915 1950 1985 2019 2054 2088 2123 2157 2190 2904
0.6 2257 2291 2324 2357 2389 2422 2454 2486 2517 2549
0.7 2580 2611 2642 2673 2704 2734 2764 2794 2823 2852
0.8 2881 2910 2939 2967 2995 3023 3051 3078 3106 3133
0.9 3159 3186 3212 3238 3264 3289 3315 3340 3365 3389
1.0 3413 3438 3461 3485 3508 3531 3554 3577 3599 3621
Il 3643 3665 3686 3708 3729 3749 3770 3790 3810 3830
1.2 3849 3869 3888 3907 3925 3944 3962 3980 3997 4015
13 4032 4049 4066 4082 4099 4115 4131 4147 4162 4177
1.4 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319
1.5 4332 4345 4357 4370 4382 4394 4406 4418 4429 4441
1.6 4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
1.7 4554 4564 4573 4582 4591 4599 4608 4616 4625 4633
1.8 4641 4649 4656 4664 4671 4678 4686 4693 4699 4706
1.9 4713 4719 4726 4732 4738 4744 4750 4756 4761 4767
2.0 4772 4778 4783 4788 4793 4798 4803 4808 4812 4817
2.1 4821 4826 4830 4834 4838 4842 4846 4850 4854 4857
‘2.2 4861 4864 4868 4871 4875 4878 4881 4884 4887 4890
23 4893 4896 4898 4901 4904 4906 4909 4911 4913 4916
24 4918 4920 4922 4925 4927 4929 4931 4932 4934 4936
2.5 4938 4940 4941 4943 4945 4946 4948 4949 4951 4952
2.6 4953 4955 4956 4957 4959 4960 4961 4962 4963 4964
27 4965 4966 4967 4968 4969 4970 4971 4972 4973 4974
2.8 4974 4975 4976 4977 4977 4978 4979 14979 4980 4981
2.9 4981 4982 4982 4983 4984 4984 4985 4985 4986 4986
3.0 4987 4987 4987 4988 4988 4989 4989 4989 4990 4990

Note: Use 0.4999 for z values above 3.09.

Source: Fr'cderic}\ Mosteller and Robert E. K. Rourke. Sturdy Statistics, Table A—1 (Reading, Mass.: Addison-Wesley. 1973). Reprinted with permission of the copyright

owners. ) Area given
in table
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|| ThetDistribution
Confidence

intervals 50% 80% 90% 95% 98% 999,

One tail, 0.25 0.10 0.05 0.025 0.01 \0005

d.f. Two tails, o 0.50 0.20 0.10 0.05 0.02 \001
1 1.000 3.078 6.314 12.706 31.821 63.657
2 816 1.886 2.920 4.303 6.965 9.925
3 765 1.638 2.353 3.182 4.541 5.841
4 741 1.533 2.132 2.776 3.747 4.604
5 727 1.476 2.015 2.571 3.365 4.032
6 718 1.440 1.943 2.447 3.143 3.707
7 11 1415 1.895 2.365 2.998 3.499
8 .706 1.397 1.860 2.306 2.896 3.355
9 703 1.383 1.833 2.262 2.821 3.250
10 .700 1.372 1.812 2.228 2.764 3.169
11 697 1.363 1.796 2.201 2.718 3.106
12 .695 1.356 1.782 2.179 2.681 3.055
13 .694 1.350 1.771 2.160 2.650 3.012
14 692 1.345 1.761 2.145 2.624 2971
15 .691 1.341 1.753 2:131 2.602 2.947
16 .690 1.337 1.746 2.120 2.583 2.921
17 .689 1.333 1.740 2.110 2.567 2.898
18 .688 1.330 1.734 2.101 2.552 2.878
19 .688 1.328 1.729 2.093 2.539 2.861
20 .687 1.325 1.725 2.086 2.528 2.845
21 .686 1.323 1.721 2.080 2.518 2.831
22 .686 1.321 1.717 2.074 2.508 2.819
23 .685 1.319 = 1.714 2.069 2.500 2.807
24 .685 1.318 L711 2.064 2.492 2.797
25 .684 1.316 1.708 2.060 2.485 2.787
26 .684 1.315 1.706 2.056 - 2.479 2.779
27 .684 1.314 1.703 2.052 2.473 2771
28 .683 1.313 1.701 2.048 2.467 2.763
(2) o 674 1.282 1.645° 1.960 2.326° - 2.576"

“This value has been rounded to 1.28 in the textbook. One tail Two tails

"This value has been rounded to 1.65 in the textbook.
“This value has been rounded to 2.33 in the textbook.

Area Area Area
“This value has been rounded to 2.58 in the textbook. & a a
2 2
Source: Adapted from W. H. Beyer. Handbook of Tubles for Probabilirv and Statistics,
2nd ed.. CRC Press. Boca Raton, Fla., 1986. Reprinted with permission. [ | s |
t = +t
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The Chi-Square Distribution

Degrees of . ad
freedom 0.995 0.99 0.975 0.95 0.90 0.10 0.05 0.025 0.01 0.005
1 — — ©0.001 0.004 0.016 2.706 3.841 5.024 6.633 7.879
2 0.010 0.020 0.051 0.103 0.211 4.605 5.991 _ 7.378 9.210 10.597
3 0.072 0.115 0.216- 0.352 0.584 6.251 7.815 9.348 11.343 12.838
4 0.207 0.297 0:484 0.711 1.064 7.779 9.488 11.143 2277 14.860
5 0.412 0.554 0.831 1.145 1.610 9.236 11.071 12.833 15.086 16.750
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.449 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.013 18.475 20.278
8 1.344 1.646 2.180 2.733 3.490 13.362 15.507 17.535 20.090 21.955
1.735 2.088 2.700 3.325 4.168 14.684 16919 19.023 21.666 23.589
10 2.156 2.558 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3.816 4.575 5.578 17:275 19.675 21.920 24.725 26.757
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28.299
13 3.565 4.107 5.009 5.892 7.042 19.812 22.362 24.736 27.688 29.819
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.601 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.578 32.801
16 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.408 7.564 8.672 10.085 24.769 27.587 30.191 33.409 35.718
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.844 7.633 8.907 10.117 11.651 27.204 30.144 32.852 36.191 38.582
20 7.434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997
21 8.034 8.897 10.283 11.591 13.240 29.615 32.671 35.479 38.932 41.401
22 8.643 9.542 10.982 12.338 14.042 30.813 33.924 36.781 40.289 42.796
23 9.262 10.196 11.689 13.091 14.848 32.007 35.172 38.076 41.638 44181
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 39.364 42.980 45.559
25 10.520 11.524 13.120 14.611 16.473 34.382 37.652 40.646 44.314 46.928
26 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.808 12.879 14.573 16.151 18.114 36.741 40.113 43.194 46.963 49.645
28 12.461 13.565 15.308 16.928 18.939 37.916 41.337 44.46) 48.278 50.993
29 13.121 14.257 16.047 17.708 19.768 39.087 42.557 45.722 49.588 52.336
30 13.787 14.954 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672
40 20.707 22.164 24.433 26.509 29.051 51.805 55.758 59.342 63.691 66.766
50 27.991 29.707 32.357 34.764 37.689 63.167 67.505 71.420 76.154 79.490
60 35.534 37.485 40.482 43.188 46.459 74.397 79.082 83.298 88.379 91.952
70 43.275 45.442 . 48.758 51.739 55.329 85.527 90.531 95.023 100.425 104.215
80 51172 53.540 57.153 60.391 64.278 96.578 101.879 106.629 112:329 116.32]
90 59.196 61.754 65.647 69.126 73.291 107.565 113.145 118.136 124.116 128.299
100 67.328 70.065 74.222 77.929 82.358 118.498 ].24.342 129.561 135.807 140.169

Source: Donald B. Owen, Handbook of Siatistics Tables, The Chi-Square Distribution Table, © 1962 by Addison-Wesley
Publishing Company. Inc. Copyright renewal © 1990. Reprinted by permission of Pearson Education, Inc.
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