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Probability Lesson 1
Part I: Basic Blements of Probability
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: Sample Spaces:
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Consider the following situation: A six — sided die is rolled

e The sample space refers to the complete set of all possible outcomes.
In the case of rolling a die, the sample spaceis 1, 2, 3, 4, 5, or 6.

[ [ N i o R o I

Sample spaces are often represented using tree diagrams or charts.

Exampfe 1: A coin is ffipped three times. Iffustrate the sampfe space using a tree diagram.
Step 3: Finish the tree

dlagram by vertically diagram by connecting all all possibilities for the
indicating the two possible possibilities for the second third flip
results from the first flip. flip. '
(In this case, heads or tails.) H
H H/
/ / T~
H H H \ ’
\T T _—
\T
/ H
/ T
T T \ T
H
T \T/
\T
The sample space for this experimentis: HHH a
HHT
HTH

HTT | There are 8

THH | possible outcomes
THT
TTH
TTI7T ¥
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Part I: Basic Blements of Probability

¢ Exampfe 2: Two dice are roffed, and the sum is recorded. W{ustrate the sampfe space in a chart.

bbb pobodabopobobobobababnbobupobibobobobobobobobababopnbobobibobobabibobabibobabnd

Step 1: Start the chart

as shown below:

B 0 H

Step 2: Fill in the sums.

Ofez,:mzmz:u
0)18|8|%(8 6|V
118 |% 89|67 |8
HG D67 8|9
D867 8|9 W6
HO78(9 100
SRTRFSREORN OIKIRR2!

The sample space for the sum of two dice is {2, 3, 4, 5,6, 7, 8,9, 10, 11, 12}

The chart form is
useful for large
amounts of data
since it allows for
easy reading.

The situation
above could be
expressed as a
tree diagram,
but it would

be more
cumbersome.

VB WN= OWVhwWh= OGOWbL W=

GV EWN— AV EWN— OWEWN -

Sample spaces are useful in
quickly determining the
number of particular
outcomes in an experiment.

Example: If you roll two
dice and want to know how
many possible outcomes
have a sum of seven, the
chart above can be used
very quickly to see there
are six possible outcomes.
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Probability Lesson 1
Part I: Basic Blements of Probability
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Basic Drobability: The formula for basic probability is

»
J

Favorable Outcomes

P(event)-=
( ) Total Number of Possible Outcomes

Example 3: A eoin is ffipped, then a eard is randomfly drawn from a deck of 52 cards.
a) Determine the probability of flipping a head, then pulling a diamond.
b) Determine the probability of flipping a head, then pulling a diamond or a heart.

a) Step 1: Start by drawing
the sample space:

Step 2: Now apply the

h : above formula. There is only
H— e one favorable outcome out
S _ﬁj of 8 possible outcomes.

@ : 1
T P(Head, Diamond ) ==
AN 4 8

b) Using the sample space above, there are two favorable outcomes out of eight.
Favorable Cases 2 1

Total Cases 8 4

P(Head, Diamond or Head, Heart)=

Adding Drobabilities: The probability of A or B, if the events are
mutually exclusive, may be found by adding the individual probabilitics.

| P(aorB)-p(a):p(B) |

The phrase mutually exclusive means
that one event taking place prevents

Z 4: Twe fa“_ six-sided. die are roffed and the the other event from taking place.
sum is recorded. If the probability of rofling a sum Ex;mﬁ:e I: F:FPI?FHQ aicof" gives
. .0 : mutually exclusive outcomes since
greater than 10 is 0.083, and. the probabmty of mflmg you can't get heads and tails at the

a sum fess than 5 is 0.167, what is the probability of same fime.
roffing a sum greater than 10 or a sum fess than 5?

Example 2: The outcomes of tossing

The probability of rolling a sum greater than 10 is 0.083 a six-sided die are mutually exclusive

The probability of rolling a sum less than 5 is 0.167 since no two results can occur at the
same time.

The probability of getting the first case
or the second case is 0.083 + 0.167 = 0.25

'l‘l‘I'i’.‘lr‘If.‘-l‘lfi‘l‘l*i‘.‘l*ift‘l‘l‘l‘l‘l‘I*.‘.QI‘I‘:I’I*l‘.i'-l*l1.!!!1':l*l-‘lllf..nl-‘ll‘i‘,l
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Probability Lesson 1
Part I: Basic Blements of Probability
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¢ Multiplying Drobabilities: The probability of A & B, if the events are
independent, may be found by multiplying the individual probabilities.

Two events are independent if the outcome of
one event does not change the probability of
the second event occurring.

‘rp ( A and B) = p ( A) X p (B )\‘ Example: A student tosses a six-sided die and

gets a 3, then re-tosses and gets a 5.
The two events do not influence each other in
any way, so they are independent events.

5: A coin is ffipped, then a card is randomfy drawn from a deck of 52 cards.
If the probabifity of ffipping a head is 0.5, and the probabitity of drawing a diamond is 0.25,
then determine the probabifity of obtaining a head and a diamond.

Use a tree diagram and state the given probabilities.

&

H — ‘

K 935 * P(Head and Diamond )= P(Head )x P (Diamond )

P(Head and Diamond)=0.5x0.25
¢ P (Head and Diamond):0.125:1

<& W .
&
&

e 4

The Complement:

P(4)
Probabilities of mutually exclusive events add up to one.
The expression above is
Consider a coin: another way of writing
the complement. The
dash above the A tells

The probability of getting a head is 0.5, and getting you to calculate the

a tail is 0.5. There is a 100% chance of getting a probability it's NOT A
head or a tail when you flip a coin, so the total

probability is 1. Example: If P(A) = 065,
Suppose you now have a weighted (trick) coin, calculate p(A)

such that the probability of getting a head is 0.43
r(A)-1-p(A)

r(A)-1-065

To calculate the probability of getting a tail, just
subtract the given probability from 1.
0.57 is the compliment probability

r(&)-0.35
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Probability Lesson 1
Part I: Basic Blements of Probability
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¢ Exampfe 6: A trick (weighted) coin is aftered so the probability of it fanding on a head ¢
¢ for each ffip is 5/7. *
: :
¢ a) The trick coin is ffipped 3 times. What is the probability of getting a tail on the *
+ first flip and heads on the next two ffips? H -
e H— *
¢ - T M
+ +
. H A
e -
N 5 —— H -
#  Probability of getting a head = = T T ®
. 5 .
- 5_2 5 7 2 5 5 50
= Probability of getting a tail = 1-— = — 7 x = = N
7 = e e o
E 7 7 , e H T .
* = -
L T -
. T—07 4
* »
. .
: b) If the trick coin is flipped until two taifs appear, what is the probability that the .
: second taif will appear in three ffips? s
] L ]
* Think of this question as follows: -
: What elements in the sample H *
# space will have two tails, one of - H—— T *
+ Which must be on the third flip? H brd
[ ] L
: The answer is that you can have 5 h""?_;‘*m T—=— H ., :
# HTT or THT, since both of these 7 7 ZEE R 2oﬁ .
* . . 7 7 7 T 343 *
will have the second tail come 20 20 40
. up on the third toss. y——" H TElETTRCTE .
H > /5 > T 2 5 2 2 T e
+ Once you find the probability of 7 T 7 7 7%7%7 3w -
# each event occurring, add the — H .
® resultsto get the total T :
* probability. *
* *
: :
;MAfairsix—sideddieistossedtwice.WﬁatistF\eprobabi{Litth\eﬁrsttoss :
+ will be a number greater than (or equal to) 3, and the second toss wiff a number fess :
. tP\an 3? A
* * -
L ] 4 2 -
: The probability of gettinga 3,4,5,0r6is — — — :
6 3
* *
[ ] 2 1 ]
t The probability of gettinga lor2is — — — :
» 6 3 *
[ ] L]
- . 2 1.2 .
+ Multiply the probabilities to get —x—=— »
H 3 3 9 -
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Probability Lesson 1
Part I: Basic Blements of Probability
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1) Two six-sided dice are roffed and the sum is recorded. Determine the probability of obtaining: *
a) a sum greater than 8 & -
e o SIS ¢
b) a sum fess than 6 ?33“}5:)? 4
G 9 g e
¢) a sum greater than 8 or fess than 6 ’ ,é-(, 1(:) )

@ @ e
=
©
-
—

=)
(GOIR=y

d) a sum greater than 8 and fess than 6

2) A card is drawn from a deck of 52 cards. Determine the probability of drawing:
a) the six of cfubs or the eight of hearts.

Quick Card Facts:

. There are 52 cards in a deck
b) the six of clubs or a heart. with the jokers removed.

There are 26 black cards and

¢) a bfack card or a diamond 26 red cards.

There are 4 suits: Spades,
Clubs, Hearts, and Diamonds.

d) a nine of any suit Each suit has 13 cards of
different rank.

Face cards are Jacks,
e) a black or red card Queens, and Kings.

3) There are 3 red & 2 yeffow baffs in one bag, and 6 bfue & 7 green balls in a second bag. What is the
probability of pulling a yellow bafl from the first bag, and then a green bafl from the second bag?

4) A fair coin is flipped three times. What is the probability of getting two heads and. then a taif?

5) A trick coin (where the probability of getting a head is 3/4), is flipped three times. What is the probabifity of
getting exactly two heads such that the second head will appear on the third ffip?

6) A fair six-sided die is tossed twice. What is the probability the first toss wiff be a number fess than 3, and the
second toss will a number greater than 3?

LA LR A L I L L L L L L I L L R LS S L e R I S L L L L I I R S L IR AL R L ALY
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Probability Lesson 1
Part I: Basic Blements of Probability
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¢ Answers: 3. The probability of puling a yellow ball from
; the first bag is favorable cases _ 2 ';
4 1 total cases 5 -4
* - *
N 10 5 i - N
* a) — > — The probability of pulling a green ball from *
& 36 18 _ favorable cases 7 -
s the second bag is =— -
: total cases 13 :
a b) 10 N 5 ) "y
¢+ 36 18 - %
. T .
- 5 5 10 5 -
® C) —+—="— > — -
¢ 718 18 18 9 . *
. N .
[ ] Y ]
* d) Zero - You can’t have S c 2,7 _m *
¢ two different sums at the same time! 12 513 65 -
* ' *
] L]
? 2. -
+* H o
. )i+i:£_)i 4. /lH':|::T 11 1] .
! 52 52 52 26 H 5 2 272728 :
— H
; ) i+E: E - l l T-::T ;
; 52 52 52 26 - ;
:C) 26+13_39 N 3 /H{H :
; 52 52 52 4 T ;
N 4 1 — e H e
A= - = e i
* 52 13 -
+ .26 26_52 .
s€) —+t—-=— -1 5 What this question is basically saying is -y
* 52 52 52 . . e
& that you can have HTH or THH, since &
: both of these will have the second talil :
H come up on the third toss. 4
+ H *
. M= I .
] H ' I 222 8 L ]
: 7 _2-H L 21 :
* T 8 8 8 4 #
+ : ! 1111 .
. 7 _H=2—H 27272738 .
* g H T L)
: ; :
H 6 =1 .
] . ™
H 2 1 -
# The probability of gettinga lor2is — —» — \ 11 1 -
. 6 3 . .
Multiply the probabilities to get —x — = —
: 3 1 _— 3 2 6 :
# The probability of gettinga 4,5,0r6 is — —» — -
: e :
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Probability Lesson 1
Part [1: Venn DLagrams
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¢ Venn Diagrams: Outcomes of events are frequently organized in Venn
Diagrams as a visual aid to the underlying mathematics.

Venn Diagrams of Mutually Exclusive Events:

If two events are mutually exclusive, the Venn diagrams must illustrate that there
is no overlap between the two sets of outcomes.

Circle 1 Circle 2

Exampfe 1: In a game, dises are thrown into two cirefes on the ® e\ /O
other side of the room, as shown in the diagram. Qz) © o
a) Caleufate the probabifity of a dise being in Cirefe 1

favorable cases _ 5

P(Clrcle 1) = Circle 1 Circle 2
total cases 8 ®
® e

b) Cafeufate the probability of a dise being in Cirefe 2

favorable cases _ 3 i
P(Clrcle 2) ) Circle 1 Clrcle.2

total cases 8

¢) Caleufate the probabifity of a dise being in Cirefe 1 and Cirefe 2

P(Circle 1 and 2)=0 since a disc Circle 1 Circle 2
can’t be in both circles at once! @ o @ \
0® ® o
<

d) Cafeufate the probability of a dise being in Cirefe 1 or Circfle 2

Since we have an or probabillity, simply add the Circle 1 Clrcle 2
probability of the disc being in Circle 1 to the 4
probability of the disc being in Circle 2.

P(Circle 1 or 2)-% 525 > 1
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Probability Lesson 1
Part [1: Venn DLagrams
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Venn Diagrams of Non - Mutually Exclusive Events:

If two events are non - mutually exclusive, there is overlap between the two
sets of outcomes.

!

Circle1 Circle 2

Exampfe 2: In a game, discs are thrown into two cirefes
on the other side of the room, as shown in the diagram.

a) Caleufate the probabifity of a dise being in Cirefe 1

. favorable cases 5 , _

P(CII‘C|€ 1) = S Circle1 Circle 2
total cases 8

b) Cafeufate the probability of a dise being in Cirefe 2
. favorable cases 7
P(CII’C|e 2) = =— Circle1 Circle 2
total cases 8 s,

¢) Caleufate the probabifity of a dise being in Cirefe 1 and Cirefe 2 Circle1  Circle2

P(Circle 1and 2)= favorable cases _ 4 IR 1

total cases 8 2

d) Cafeufate the probabifity of a dise being in Cirefe 1 or Circfe 2
Since we have an or probability, simply add the
probability of the disc being in Circle 1 to the
probability of the disc being in Circle 2.
5 N 7_12 3

I Y Y P PN P Y PN PN RN P PN P PN P Y P RN AT Y P YRS P Y PN PN Y P RN RSN RN P NY RN NEYF AN NF 3 .‘Illbl‘l-‘ii

LA LR A L I L L L L L L I L L R LS S L e R I S L L L L I I R S L IR AL R L ALY

P(Circle 1 or 2)==+—= — = — INCORRECT
8 8 8 2

Probability Adding the probabilities for Circle 1 and Circle 2 led to Using the new formula to
can’t be overlap in the middle since the 4 discs are counted in calculate the probability

. each case! Subtract them out to get the correct answer. for Circle 1 OR 2 gives:
bigger than

! 5 7 4

one! P(AorB)-P(A)+P(B)-P(AandB) —+—-—=1
What 8 8 8
Happened? This is the correct result.
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Probability Lesson 1
Part [1: Venn DLagrams
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Exampfe 3: In a game, dises are thrown into two cirefes
on the other side of the room, as shown in the diagram.

!

L] Circle 1 Circle 2

a) Cafeulate the probabitity of a dise being in Cirefe 1 ¢ J
) favorable cases 6 2 J
P(Clrcle 1):7:7 5 — l
total cases 9 3
L] Circle 1 Circle 2
; d) Cafewfate the probabifity of a disc being in Cirefe 1
o or Circfe 2
1 P(Circle 1or 2) = P(Circle 1) +P(Circle 2)—P(Circ|e 1and 2)
6 3 2
P(Circle 1or 2) = —+———
l (lrce or ) 9+9 .
7
P(Circle 1or 2) =—
b) Cafeufate the probability of a dise being in Circle 2 ° ® Gue e
_./_,~/' T,
Vo
P(Circle 2) - favorable cases =E N 1 ® ,4}{ '.: ]
total cases 9 3 N |
L] Circle 1 Cir(la?‘.! [

%
: ' e) Calewfate the probability of a dise not
J being in cirefe 1

P(NOT Circle 1) =1-p(Circle 1)

P(NOT Circle 1) = 1-

w | N

. ) i P(NOT Circle 1) = !
¢) Cafeufate the probability of a dise being 3 ®  Gidet Cie?

in Cirefe 1 and Cirefe 2

favorable cases 2
P(Circle 1and 2) = =—

total cases 9

—

L] Circle1  Circle 2

f) Cafeufate the probabifity of a disc net
being in Cirefe 1 or Cirefe 2
| P(NOT Circle 1) =1-p(Circle 1 or 2)

7
P(NOT Circle 1) =1-~
9
2
You may have noticed that the probabilities can P(NOT Circle 1) =—
be read off the diagram without using the formula. 9 ®  Ciclel Circle2

The formula method is included to show you how
to do these calculations when there is no diagram )
to look at. Some questions will just give you
numbers for the probabilities, and you will have
to work it out from the formulas only.

I Y Y P PN P Y PN PN RN P PN P PN P Y P RN AT Y P YRS P Y PN PN Y P RN RSN RN P NY RN NEYF AN NF 3 .‘Illbl‘l-‘ii
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Probability Lesson 1
Part [1: Venn DLagrams
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1) In a game, dises are thrown into two cirefes as shown in the diagram.
a) Calcufate the probability of a dise being in Cirefe 1

!

Circle 2

b) Caleufate the probabifity of a dise being in Cirefe 2

¢) Cafeufate the probability of a dise being in Cirele 1 and Cirefe 2

d) Caleufate the probabifity of a dise being in Cirefe 1 or Cirefe 2

2) In a game, discs are thrown into two cirefes as shown in the diagram.
a) Calcufate the probability of a dise being in Cirefe 1

Circle1 Circle2

b) Caleutate the probabifity of a dise being in Cirefe 2

¢) Cafeufate the probability of a dise being in Cirefe 1 and Circfe 2

d) Caleufate the probabifity of a dise being in Cirefe 1 or Cirefe 2

I Y Y P PN P Y PN PN RN P PN P PN P Y P RN AT Y P YRS P Y PN PN Y P RN RSN RN P NY RN NEYF AN NF 3 .‘Illbl‘l-‘ii
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Probability Lesson 1
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) In a game, dises are thrown into two cirefes as shown in the diagram.
Cafeufate the probability of a dise being in Circfe 1

2

&
lil&i‘

-~

@ Circle1 Circle 2

b) Cafeufate the probabifity of a dise being in Cirefe 2

¢) Cafeufate the probability of a dise being in Cirefe 1 and Circfe 2

d) Caleufate the probabifity of a disc being in Cirefe 1 or Circfe 2

e) Caleufate the probabifity of a disc not being in circfe 1

) Caleufate the probability of a dise not being in Cirefe 1 or Cirefe 2

4) Cafeufate the unknown quantity in each of the foffowing:

a) P(4) = 0.611, P(B) = 0.833, P(4 and B = 0.444.
Calewlate P(4 or B

b) P(4) = 0.737, P(B) =0.789, P4 or B =1
Caleufate P(4 and B

¢) P(4) =05, P(4dor B =1, P4ad B = 0.0625
Caleutate P(D)

LA LR A L I L L L L L L I L L R LS S L e R I S L L L L I I R S L IR AL R L ALY
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Probab’uwcg Lesson 1
Part (12 Ve DLagrams

»

Circle 2

®
e e P(Circle1)=0.583
® @

Circle 2

P

b

P(Circle 2) =0.417

Circle 2

@
® @ pCicle1&2)=0

Circle 2

«r;,/ o

P(Circle1 0r2) =0.6

@ Circel Circle2 ° @ Cirdel Circle2 *
® ®

P(Not Circle 1) =0.7

@  Circlel Circle2

P(Circle1&2)=0.1 P(Not Circle 1 or2) = 0.4

LR TR LR L T L LR R L R L L A L P L L L R R R X AL R AL IR L LY ¥

Circle 1

L LT L L L I L e e T e L L L e I LT YT T o

1 . C.i.rl.e 1 .- Circle 2 2

P(Circle 1) =0.8

P(Circle 2) = 0.5

Circle 2

P(Circle 1 &2)=0.3

P(Circlelor2)=1

4.

Q) P(A or B) = P(A) + P(B) - P(A and B)
P(A or B) = 0.611 + 0.833 — 0.444
P(AorB)=1

b) p(a or B) = P(A) + P(B) - P(A and B)

Solve for P(A and B)

P(A and B) = P(A) + P(B) - P(A or B)
P(A and B)=0.737 + 0.789 - 1
P(A and B) = 0.526

C) P(A o B) = P(A) + P(B) - P(A and B)

Solve for P(B

P(B) = P(A or B) + P(A and B) - P(A)
P(B)=1-0.0625-0.5
P®) = 0.4375
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