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Exercise A, Question 1

Question:

A large bag contains counters of different colours.

Find the number of arrangements for the following selections
a 5 counters all of different colours,

b 5 counters where 2 are red and 2 are blue,

¢ 7 oounters where 2 are red and 5 are green,

d 10 counters where 4 are blue and 6 are yellow,

e 20 counters where 2 are yellow and 18 are hlack

Solution:
a 51=120
I
b i:][]
312
I
& b AXO 25
si200 2
100 10x 8 % §x7
e s i )
46l Ax Fx Fxl
|
. 2002019
18121 2
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Exercise A, Question 2

Question:

A bag contains 4 red, 3 green and B vellow beads.

Five beads are selected at random from the bag without replacement.
Find the probability that they are

a Syellow beads,

b Z2redand 3 yellow,

¢ dredand 1 green

Solution:

Sy Tl oed

b
15 14 13 12 11

= i or 0.0186
424

f i BB o T o Bl S
N W W X ——
12 14 13 12 11 213

= — or 0112

ho T M oS e B S
M W W
12 14 13 12 11 411

= 0.000999 or ——
1001
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Exercise A, Question 3

Question:

A fair die 15 rolled 7 times.
Find the probability of getting
a no fives,

b only 3 fives,

¢ 4 fives and 3 sixes.

Solution:
7
a (2] =0.27%
b
e |
(LY x[2) xl
] ] 4131
=0.0781
c
4 3 |
e e =
& a 4131
=0.000125
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Exercise B, Question 1

Question:

The random wariable & ~ B(E, ;—) . Find
a FP(X=2,
h P(X=3),
c P(X=D.

Solution:

3

=0.0683

8
P(X=5 = [5]><

1]5 [2
iy x_
3] 7|3
P(X<1) = P(X¥=D1+P(X =0
o (12) (2%
- 8[§][§] *[ﬁ]
T
-
SINERE

[2]”' 10
— Tt x_
2] 73

= 0195
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Exercise B, Question 2

Question:

The random variable ¥ ~ B(tS,%). Find

a FPF=3,
b BiF=1,
c Pi¥Fzo,.
Solution:
¥ ~Bl6l)
g
a
6 S K]
biyr== = x[l] X[E]
2 14 4
= 0132
b
6 1 5
PiF=1 = xl]xé
1 4 4
= (.35
C
P¥Y=51 = PF=54Pr=%&
5 13
1 3 1
= 6x|—| == —
7 [4]+[4]
5
17118
Hlene
[1]5 19
n e I x_
4 4
= 0.00464
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Exercise B, Question 4

Question:

A balloon manufacturer claims that 23% of hiz balloons will not burst when blown
up. If you have 20 of these balloons to blow up for a birthday party

a  what 1z the probability that none of them burst when blown up?

b Find the probability that exactly 2 balloons burst.

Solution:

P20 = o0
= g8

b Let X =number of balloon that 4o burst
X ~B(20,005

[25](0.95)13(0.05)2

0,189

P(X=2)
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Exercise B, Question 5

Question:

A student suggests using a binomial distribution to model the following situations.
Give a description of the random wvariable, state any assumptions that must be made
and give possible values for # and p.

a A sample of 20 bolts 15 checked for defects from a large batch. The production
process should produce 1% of defective bolts,

b Some traffic lights have three phazes: stop 48% of the time, wait or get ready 4%
of the time and go 45% of the time. Assuming that vou only crozs a traffic light
when it 15 in the go position, model the number of times that you have to wait or
stop on a journey passing through 6 sets of traffic lights.

¢ When Stephanie plays tennis with Timothy on average one in eight of her serves
1z an ‘ace’. How many "aces’” does Stephanie serve in the next 30 serves against
Timothy?

Solution:

a X =number of defective bolts in a sample of 20

X ~B(20,0.01) w = 20

» = 0.01

Azsume bolts being defective are independent of each other

b X =number of times wait or stop in 6 lights

X ~B(6,0.52) n o= 6
0.52.

F

Azsume the lights operate independently and the time lights are onfoff 15 constant

¢ & =no ofaces Stephanie serves in the next 30

X~B(30,;—) n o= 30

T
Il
-

Assume serves being an ace are independent and probability of an ace 15 constant.
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Question:

State which of the following can be modelled with a binomial distribution and which
can not. (ive reasons for your answers.

a (nwen that 15% of people have blood that 1s Rhesus negative (Eh™ ), model the
number of pupils in a statistics class of 14 who are Eh™

b You are given a fair coin and told to keep tossing it until vou obtain 4 heads in
succession. Model the number of tosses you need.

¢ A certain car manufacturer produces 12% of new cars in the colowr red, 8% in
blue, 15% in white and the rest in other colours. You malke a note of the colour of
the first 15 new cars of this make Model the number of red cars you obzerve,

Solution:

a X =number of people in class of 14 who are Eh
A ~Bi(14,0.15) iz OK if we assume the children in the class being Eh™ is
independent from child to child (so ne siblingsitwing)

b Thiz iz not binomial since the number of toszes 18 not fized.
The probability of a head at each toss 12 constant (p = 0.5) but there iz no value

of x.

¢ Aszsuming the colours of the cars are independent (which should be reasonable)
X =number of red cars out of 15

X 5B(15,012)
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Exercise B, Question 7

Question:

A fair die 15 rolled repeatedly. Find the probability that
a the first & occurs on the fourth roll,
b there are 3 sixes inthe first 10 rolls.

Solution:

a Sequence mustbe 6666

Probakility = E Ex Exl
& 6 & 6
= E or 00965
1296
b X =number of sizes in 10 rolls
X ~B(10,3)
10 3 7
PiEF=5) = ® l ® E
3 & &

0.155
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Exercise B, Question 8

Question:

A coin 1z biased so that the probability of it landing on heads 12 % The coin 15 tossed

repeatedly. Find the probability that
a the first tail will occur on the fifth toss,
b in the first 7 tosses there will be exactly 2 tails.

Solution:

a Sequencemustbee: HHHHT
=o not Binemial,

4
Probability=%><|%| :% or  0.0658

b X =number of tails in 7 tosses

X ~B(7.3)
7 2 A
PiX=2 = x[l] x[g]
2]713) "3
= 0307 or %
729
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Exercise C, Question 1

Question:

The random variable X ~B(% 0.2) Find

a PX=4,

b P(X¥ =3,

c PiX=2),

d P(¥=1)

Solution:
K ~B{5,02
a P(X=4)=05204 {tables)
b PiX=3y = P&<2
¢ ) (L2 (tables)

= 07382

c PiAZS = 1-PX =)
= 1-04362 {tables)

= [.5638

d PX=1) = P(X<1)—P(X=0
= 04362—0.1342 (tables)
= 03020
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Exercise C, Question 2

Question:

The random variable & ~B(20, 0357 Find
a P(X=10y,

b PiX=6),

¢ P(X=5,

d P2=X<=70.

Solution:

X ~B(20,0.35)
a P(X<10)=0.9468 (tables)

b PX =6 = 1-PIX<6)
= 1-04166 (tables)
= 0.5334

¢ P(A=5) = PA=Z5-PX=4
= 02454 —-01182
= 01272

d PR<X<T = PX<N-PX<D)
= 0.6010—0.0021
= 0.5989
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Exercise C, Question 3

Question:

The random variable X ~B(40,045). Find
a P(X =200,

b PiX¥ =16),

¢ P(ll1= X <15),

d P(l0< X <17

Solution:
X ~B(40,0.45)
a P(X=<20) = P(X¥=<19
€ ol ) wesld) (tables)
= 0.6844
b P(X>16 = 1-P(X<16)
= 1-0.3185 (tables)

= 06B15

¢ PO1< X <15 P(X <15 —P(X < 10)
= 0.2142—0.0074

= 02063

d P(l0<X<17 = PX<16—-P(X<10)
= 0.3185—0.0074
= 03111
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Question:

The random wariable X ~B(30,0.13) Find

a DPiX=§8),
h P(X=4,
c P2=X=10),
d FP(X=4).
Solution:
A ~B(30,0.15
a PYX=08 = 1-BP(X<8
= 1-0%58722 (tables)
= [0.0278
h B(X=41=05245 (tables)

¢ PR2<X<10)

P(X<9-PX<1)
0.9903—0.0480  (tables)
0.8423

d P(x=4)

P(X <4 —P(X <3)
= 0.5245-0.3217 (tables)
0.2028

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics Z

Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 5

Question:

Eight fair coins are tossed and the total number of heads showing iz recorded

Find the probability of

a no heads,

b atleast 2 heads,

¢ more heads than tails.

Solution:

& =number of heads {coing are fairse p =025
K ~B{3,053

a P(X=0)=(0.5°%=00039 (tables)

b PX=2) 1-Px <1
= 1-0.0352 (tables)

= 0.9648
¢ PX=5 = 1-PX<d

= 1—0.6367 (tables)
= 0.2633
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Exercise C, Question 6

Question:

For a particular type of plant 25%0 hawve blue flowers A garden centre sells these
plants in trays of 15 plants of mized colours A tray is selected at random.

Find the probability that the number of blue flowers this tray contains 1s

a exactly 4,

b at most 3,

¢ between 3 and & {(inclusive).

Solution:

A =number of plants with blue flowers ontray of 15

X ~B(15,0.25)

a P(¥=4) = PX<4)-PX=<3)
= 06265—0.4613 (tables)
= 02252

b P(X<3=04613 (tables)

¢ P(3<X<6)

P(X <6)—P(X <2)
0.9434—0.2361  (tables)
0.7073
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Exercise C, Question 7

Question:

The random variable X ~B(50,0.40). Find
a the largest value of & such that P(X = &) <005,
b the smallest number # such that P(Y = # <001

Solution:
X ~B(50,0.40)
a P(X<13) = 0.0280
a HA=13) (tables)
PX<14) = 0.0540
ko= 13

b P(X=<27 = 09840=PX=27=00160=0.01
PA<28) = 09924=P(X > 2E)=0.0076 = 0.01
Sro= 2B
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Exercise C, Question 8

Question:

The random wariable X ~B(40 0107 Find
a the largest value of & such that P{Y <k) = 0.02,
b the smallest number » such that P{X = #) =0.01,

c Plk=X=r1
Solution:
K ~B40,0.10)
a PiX=0 = (00148002
A< = 0.0805=002 (tables)
SEPA = = 00148 =002and so k=1
b P(A<E = 0%9845=P&=>8)=001525>001 (tables)

PA<H = 08948 =PX>9=00051=001
ro=9

e Ph<X<r) = PX<A-PX<k-1)
= PX<H—PX=0)
= 0.9949—0.0148
= 0.9801
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Exercise C, Question 9

Question:

In a town, 30% of residents listen to the local radio.
Ten residents are chosen at random.
a State the distribution of the random variable
A =the number of these 10 residents that listen to the local radie.

b Find the probability that at least half of these 10 residents listen to local radio.

¢ Find the smallest value of & 20 that P(X = &) < 0.01.

Solution:

A =number of residents out of 10 whe listen to local radio

a X ~B(10,0.30)

b PX =5 = 1-PX<4
= 1-0.8497 (tables)
= 0.1503

e PIX<6) = 09894 soPX =7 =1-098%4=00106> 0.01
PX<T) = 05584

PFX=8 = 1—05%:4 (tables)
= 0o01e =001
g = 8
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Exercise C, Question 10

Question:

A factory produces a component for the motor trade and 5% of the components are
defective. & oquality control officer regularly inspects a randem sample of 20
compeonents. Find the probability that the next sample contains

a fewer than 2 defectives,

b more than 5 defectives.

The officer will stop production if the number of defectives in the sample iz greater
than a certain value & Given that the officer stops production less than 3% of the
titne,

¢ find the smallest walue of &

Solution:

& =number of defects in 50 components

X ~B(50,0.05)

a P(X<2) = P(X<1) (tables)
= 0.2794

b P(X =5 P PERRE)
= 1-0.9622

= 00373

¢ eek d such that

P(X =d) <005

P(X<4) = 089%4=P(X>4)=01036% 0.05
P(X<5) = 0.9622=P(X >5)=0.0378 <005
~d=5
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Exercise D, Question 1

Question:

A fair cubical die 15 rolled 36 times and the random wariable & represents the number
of sizes obtained. Find the mean and varance of X

Solution:
X~B(36,%) fairdie:b-p=é
E(X) = 36><é=6
0 Leioe ol B0 o
Var(X) = 36xixi=2=5
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Exercise D, Question 2

Question:
a  Find the mean and variance of the random variable X ~B(12,0.25).
b Find Piu—-o< X <u+ay.

Solution:

a X -~B(12,025

E(X) = 12%025=3
Var(X) = 12x0.25%075=3x2 =2 or 2.25
L _ 3

b & —z=}-cr—§c-r1.5

Plp—o=X sut+o)
= P(3-2<x<343)
= Pu%{X{dl%u

= PX=dH-PX<1)
= (0.8424—0.1584 (tables)
= (0.6840
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Exercise D, Question 3

Question:

a

Find the mean and variance of the random wariable X ~B{30, 040

b Find Pip-o<X=u).

Solution:

X ~B(30,0.40)

E(X) = 30x040=12
Var(X) = 30x040x0.6=12x06=72

o'=72=0=268._.
P(12-268... < X<12)

= P(932..<X<12)
= PX<12)—P(X<9)

= 0.5785—0.1763 (tables)
= 04027
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Exercise D, Question 4

Question:

Tt 1z estimated that 1 in 20 people are left-handed.

a What size sample should be taken to ensure that the expected number of left-
handed people in the sample 15 37

b What i1z the standard dewiation of the number of left-handed people 1n this case?

Solution:

K =number of left-handed people in a sample of size &

1
X ~Blr,
a
E(X)=3=_- = 3
20
R I Y
b
Var(X) = 60xax=235
ar = Xy = 2.
sgd = 285
g = f285=169
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Exercise D, Question 5

Question:

An experiment 15 conducted with a fair die to examine the number of sixes that occur.
It 15 required to have the standard deviation smaller than 1. What 1z the largest
numb er of throws that can be made?

Solution:

X =number of sizes in » throws
X ~B(n,g)

1. 5_5n
1‘Ja.t’(fi’]l=?z>-<g><g =%

standard dewiation <1

N

= = 1
&
N
Snoo= 36
n = E=?.2
o
sneedxn =7

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 6

Question:

The random wariable & ~BEi{x, p) has a mean of 45 and standard dewiation of & Find
the walue of # and the value of p.

Solution:
A ~Binp)
EiX)=45=2np = 45
g=bt=Va(X)=3=nmw(l—-p) = 36
SA51—py = 36
ey = 3
Sl=p I
4
p =1 =
s O o
PSS
andn = 225

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 1

Question:

A coin i1z biased so that the probability of a head 13 % The coin 1z tossed repeatedly.

Find the probability that
a the first tail will cccur on the sixth toss,
b in the first 8 tozzes there will be exactly 2 tails.

Solution:

a Sequenceis: HHHHHT

W - A 32
probabdlity l3] ¥3= 0.0439 or 70

b X =number of tailz in & tosses

X ~B(E3)
M)
wl|=] x|=
2|713) "3

0.273

P(X=2)
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Exercise E, Question 2

Question:

Eecords kept in a hospital show that 3 out of every 10 patients who wisit the accident
and emergency department have to wait more than half an hour. Find, to 3 decimal
places, the probability that of the first 12 patients who come to the accident and
emergency depattment

a none,

b  more than 2,

will have to wait tore than half an hour

Solution:

& =number of patients waiting mote than ;— hour,

X ~B(12,0.3)

Pir=oi=on" 0.01384...

0.0138 (3s.£)

b P(X=2) = 1-P(X¥=<2)
= 1-0.2528 (tables)
= 07472
= 0747 (3dp)
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Exercise E, Question 3

Question:

A factory 1z considering two methods of checking the quality of production of the
batches of items it produces.

Method T4 random sample of 10 items 15 taken from a large batch and the batch iz
accepted if there are no defectives in this sample. If there are 2 or more defectives the
batch is rejected. If there is only 1 defective then ancther sample of 10 15 taken and
the batch iz accepted if there are no defectives in this second sample, otherwize the
whole batch is rejected.

Meithod Il A random sample of 20 items 15 taken ffrom a large batch and the batch iz
accepted if there 15 at most 1 defective in this sample, otherwise the whole batch 1z
rejected.

The factory knows that 1% of items produced are defective and wishes to use the
method of checking the quality of production for which the probability of accepting
the whaole batch iz largest.

a  Decide which method the factory should use,

b Determine the expected number of items sampled using Method T

Solution:

PhysicsAndMathsTutor.com
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a & =number of defective items in sample of 10

MMethod I
A ~B(10,0.013

Pilceept)y =

ot from tables

P(X=0)+P(X =11xP(X =0
P(X=0[1+P(X =1

(0.9 [1+m>< D.le(D.QQ)g]
098699  =0.987

Plhccept) = PA=0+P(A=1=xPA=0)
= 09044 +[U.995?—U.9044]x0.9044
= 098697
= 09587
Method IT ¥ =number of defective items in sample of 20
¥ ~B(20,0.01)
Placcept) = PRF =1

. uge Method T

b Method 7

(0,999 4+ 20 (0.01) % (0.99" or find direct from tables
098314 =0983

Mumber
sampled

10

20

probability | 1-P(X =1) FiX=1

. expected number

© Pearson Education Ltd 2C
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Exercise E, Question 4

Question:

a >tate clearly the conditions under which it 15 appropriate to assume that a random
variable has a binomial distribution

A door-to-door canvaszser tries to persuade people to have a certain type of double

glazing installed. The probability that his canvassing at a house 15 successful 15 0.05.

b Find the probability that he will have at least 2 successes out of the first 10 houses
he canvasses.

¢ Find the number of houses he should canvass per dav in order to average 3
successes per day.

d  Calculate the least number of houses that he must canvass in order that the
probability of his getting at least one success exceeds 0,95, K

Solution:
a 1 There are # independent trials.
2 rizafized number
3  The outcome of each trial 1s success or fatlure.
4 The probability of success at each trial 15 constant.
5

The outcome of any trial iz independent of any other trial

b X =number of successes

X ~B(10,0.05)
P(X=2) = 1-PX=1)
= 1-0.9139 (tables)
= 0.0861

¢ I =number of successes in 2 houses
=~ Bin, 005
ax005=3

E(¥)=3—or——=3 . n=60
20

d Fi¥=1 = 039
=1-F=0 = 059
001 = PF=0)
0.01 = (085"
log(0.01) = nlog(0.95)
log 001 [log0.95< 0 so change > when dividing]
log0.95

»noo= BRTE. . sonr=90
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Exercise E, Question 5

Question:

An archer fires arrows at a target and for each arrow, independently of all the others,
the probability that it hits the bull's eve is % .

a  Given that the archer fires 5 arrows, find the probability that fewer than 2 arrows
hit the bull's-eve.

The archer firez 5 arrows, collects them from a target and fires all 5 again.

b Find the probability that on both occasions fewer than 2 hit the bull's eve.

Solution:

A =number of bull’s eyes in 5 arrows

X ~B(,3)
a PX=2) = PIX=1=HYX=04+D5F=1)
5 4
o 7 1.7
= lE_I +5><§><|§|
= Q87827
= 0878

b [Px<2] = 087927
= 0773
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Exercise E, Question 6

Question:

A completely unprepared student 15 given a trueffalse type test with 10 questions.
Azsuming that the student answers all the questions at random

a find the probability that the student gets all the answers correct.

It 15 decided that a pass will be awarded for B of more correct answers.

b Find the probability that the student passes the test.

Solution:

A =number of correctly answered questions

X ~B(10,0.5)

0.00097656...
0.000977 (3s.£)

P(X =10)=(0.5)"

P(X =8)

1-P(X <7
= 1-09453 (tables)
0.0547
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Exercise E, Question 7

Question:

A six-sided die is biased. When the die i thrown the number 5 iz twice as likely to
appear as any other number. A1l the other faces are equally likely to appear. The die 13

thrown repeatedly. Find the probability that
a the first 5 will occur on the sixth throw,

b in the first eight throws there will be exactly three 5s. E
Solution:
% 1 2 3 5 &
PiX=x) |p P F Zp P

a Mot binomial

Sequencer 955555
5

s sy
Probability 151 5]
=0.0531

b ¥ =number of 5z in 8 throws

2
¥F~BB.=
( ?)
3 3 5
P¥== = xg * =)
3107 7
= 024285,
= 0243 {3:1f)
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Exercise E, Question 8

Question:

& manufacturer produces large quantities of plastic chairs. Tt 13 known from previous
records that 15% of these chairs are green. A random sample of 10 chairs 15 taken.

a Define a suitable distribution to model the number of green chairs in this sample.
b Find the probability of at least 3 green chairs in this sample.

¢ Find the probability of exactly 2 green chairs in this sample.

Solution:

K =number of green chairs in sample of 10

a X ~B(10,0.15

b
P(X=5 = 1-PX<d
= 1-0.9901 (tables)
= 0.0099
C

P(X=2) = PX<N-PX<l)
= 0820205443  (tables)
= 0.2759
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Question:

A bag contains a large number of beads of which 45% are yellow. & random sample
of 20 beads 15 taken from the bag TTse the binomial distribution to find the probability
that the sample contains

a fewer than 12 yellow beads,

b exactly 12 yellow beads. E

Solution:

A =number of yellow beads in sample of 20
K ~Bi20,04%
a

P(X <12)

PX <11)
= 0.8692

P(X=12) = PX<12-PX<11)
= 0.9420—0.8692
= 0.0728
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