[bookmark: _GoBack]IB Math SL Year 2				BINOMIAL DISTRIBUTION	
Unit 5 Notes – Day 6

I. EXPECTATION:
Ex:  A die is rolled 120 times.  On how many occasions would you expect the outcome to be a three?


Ex 2:  Each time a soccer player kicks for a goal he has a ¾ chance of being successful.  In one game, he kicks for a goal 12 times.  How many goals would you expect him to kick?


In general:  If there are n members of a sample and the probability of an event occurring is p for each member, then the expectation of the occurrence of that event, E(x) is 


When the probability for each outcome varies, the Expected Value, E(x) =. 
Ex 3:  An aircraft has three lavatories, each of which is occupied 40% of the time during a particular flight.  Assuming that the lavatories are occupied independently, 
a) Draw a table for the probability distribution of the number of lavatories which are occupied.










b) Find the expected number of occupied lavatories.


II. BINOMIAL DISTRIBUTION:
This type of distribution is applied to sampling with replacement.  
[image: ]
What would be considered a successful outcome for each question?
How many did you get right?
Is this a good score?
How many would you expect to get right by just guessing?

Let’s say “passing” is getting 3/5 correct.  What is the probability that you would pass?



An experiment is a BINOMIAL EXPERIMENT if:
a) Each trial may be viewed as a success or a failure
b) The outcome of each trial is independent of the previous trial
c) Each trial has a constant probability of success


[image: ]


Ex:  Suppose a square game spinner has 4 equal sections, 3 are blue, one is white.  Draw a probability tree diagram that displays the outcomes for spinning 1 time.  Let X = the number of times a blue result would occur.		X = {	      }




a) P(X =0) =		P(X =1) =

Now draw the tree diagram for spinning 2 times.	X = {		}






b) P(X = 0)=		P(X = 1) = 		P(X = 2) =
Now draw the tree diagram for spinning 3 times!  (Last one)	X = {		}









	
c) P(X = 0)=		P(X = 1) = 		P(X = 2) =		P(X = 3) = 
Summarize results from a – c:





Notice anything???				This is why it is called “binomial” distribution!

When we did binomial expansion, we found the coefficients by using nCr .  However, there are other 
notations used:    or .

d) Re-write the summary above using combinations for the coefficients:







We can now “easily” find probabilities for a 4th spin without having to do a tree diagram!
e)  Find the P(X = 2) after 4 spins.



[image: ]
Ex 2:  A die is thrown 5 times.  Find the probability of getting 2 sixes.


Ex 3:  What is the probability of getting exactly 4 sixes after throwing a die 20 times?


Ex 4:  What is the probability of getting 2 threes after throwing a die 8 times?


Ex 5:  What is the probability of getting 4 heads when a coin is tossed 6 times?


Ex 6:  Chocolates are manufactured by a machine which, on average, produces 0.4% defective chocolates.  The chocolates are placed randomly into boxes containing 24 chocolates.

(i)  Find the probability that a box selected at random has
a) No defective chocolates

b) Exactly one defective chocolate


c) More than one defective chocolate


(ii) If a store buys 20 boxes of chocolates, find the probability that
a)  None of these boxes contain defective chocolates

b) Exactly one box contains defective chocolates


c) More than one of these boxes contain defective chocolates



In the calculator:  2nd VARS, A: binompdf(n, p,x)

Ex 7:  72% of union members are in favor of a certain change to their conditions of employment.  A random sample of five members is taken.  Using your GDC, find the probability that:
a)  Three of the five members are in favor


b) At least three of the five members are in favor


III. EXPECTATION OF BINOMIAL DISTRIBUTION:

If X is binomially distributed, i.e. X  B(n, p), then E(X) =   

Ex 8:  If X is a random variable such that X  B(18, p) and E(X) = 7.2, find the value of p.



Ex 9:  A fair coin is tossed 50 times.  Find the expected number of heads.



Ex 10:  An unbiased six-sided die is rolled 60 times.   Find the expected number of times a six is rolled.
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Generalizing this method gives the binomial distribution
function:

If X is binomially distributed, X ~ B(n, p), then the probability
of obtaining 7 successes out of 7 independent trials, when p is
the probability of success for each trial, is

P(Xw)*(',‘]p'(lfp)”

This is often shortened to

P(X =7) 7[” ]p’q‘ " where g=1-p
,

Example 4

X is binomially distributed with 6 trials and a probability of success
equal to L at each attempt. What is the probability of
5

a exactly four successes b atleast one success?
¢ three or fewer successes?
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1 A regular tetrahedron has three white faces and one red face.
It is rolled four times and the color of the bottom face is noted.
What is the most likely number of times that the red face will end
downwards? What is the probability of this value occurring?

The probability that a marksman scores a bull’s eye when
he shoots at a target is 0.55

Find the probability that in eight attempts

a he hits the bull five times

b he misses the bull at least five times.

{AM-STHLE OUESTIONS
A factory has four machines making the same type of
component. The probability that any machine will

produce a substandard component is 0.01. What is the probability
that, in a sample of four components from cach machine,

a none will be faulty b exactly 13 will be not be faulty

¢ atleast two will be faulty?

The probability that a telephone line is engaged at a company
switchboard is 0.25. I the switchboard has 10 lines, find the
probability that

a one half of the lines are engaged
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at least one red carnation among
them is greater than 0.95.

If X~ B(n, 0.6) and (X < 1) = 0.0256, find .
1% of fuses in a large box of fuses are faulty. What is the largest

sample size that can be taken if the probability that there are no
faulty fuses in the sample must be greater than 0.5?

If X~ B(n, 0.2) and AX > 1) > 0.75, find the least possible
value of 1

The probability that Anna scores a penalty goal in a hockey
competition is 0.3. Find the least number of attempts that
she would need to take if the probability that a goal is
scored at least once is greater than 0.95.

How many times must an unbiased coin be tossed so that
the probability that at least one tail will occur is at least 0.997
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5 The probability that Nicole goes to bed at 7:30 on a given day is 0.4.
Calculate the probability that on five consecutive days she goes to
bed at 7:30 on at most three days.

In an examination hall, it is known that 15% of desks are wobbly.

a What is the probability that, in a row of six desks, more than
one will be wobbly?

b What is the probability that exactly one will be wobbly in a
row of six desks?

In the mass production of computer processors it is found that 5% are
defective. Processors are selected at random and put into packs of 15.

a A packet is selected at random. Find the probability that it
will contain
i three defective processors i no defective processors
at least two defective processors
b Two packets are selected at random. Find the probability that
there are
i no defective processors in either packet
at least two defective processors in either packet
no defective processors in one packet and at least two in the other.
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2 Xisarandom variable such that X ~ B(n, p). Given that the
mean of the distribution is 10 and p = 0.4, find #.

‘A multiple choice test has 15 questions and four possible answers
for each one with only one correct answer per question. Assume
a student guesses each answer.
If X is ‘the number of questions answered correctly’ give:
a the distribution of X'
b the mean of X
c the probability that a student will achieve the pass mark of
10 or more purely by guessing.

100 families each with three children are found to have these
numbers of girls:

Numberofgirls [ 0 [ 1 [ 2 [ 3
Frequency 13[34 4013

a Find the probability that a single baby born is a girl

b Using your value from a calculate the number of families with
three children, in a sample of 100, you would expect to have
two girls.





image1.wmf
)

(

1

å

=

=

n

i

i

i

x

X

P

x


oleObject1.bin

image2.png
MATHEMATICS
STANDARD LEVEL

Investigation - the binomial quiz

Here are five questions. The answer to each question is either
true’ or ‘false’. Write down the answer to each question.
You may need to guess the answer to some of them!

1 The bulletproof vest was created by a woman
2 On average, the ‘eye muscles’ move 300000 times a day.
3 Bowling was first played in Italy.

4 It took Leonardo da Vinci ten days to paint Mona Lisa's lips.
5 Selachophobia is the fear of light flashes.

Now look in the Answers at the back of the book to find the correct
answers to these five questions. How many did you get right?

Is this a good score? How many would you expect to get right if you
were just guessing the answer to every question?

To pass this ‘test’ you need to get 3 correct out of 5.
What is the probability that you get exactly 3 right out of 57

The essential elements of a binomial distribution In the quiz above there are 5 trials.
o Here, success is getting the
question right and failure is getting
the question wrong

In this case the probability

There is a fixed number () of trials.
Each trial has only two possible outcomes - a
‘success’ or a ‘failure’.
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The outcomes of a binomial experiment and the corresponding
probabilities of these outcomes are called a binomial
distribution.

‘The binomial distribution describes the behavior of a discrete
variable X if the conditions above apply.

The parameters that define a unique binomial distribution are
the values of 7 (the number of trials) and p (the probability of a
success). Any binomial distribution is represented as X ~ B(r, p)

Consider this problem, which you first met in Chapter 3: determine

the probability of getting exactly two heads in three tosses of a

biased coin for which P(head) = 2.
3

You could use a tree diagram to help you answer this question




