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6.6 - Pascal's Triangle

This is Pascal's Triangle.

Each term is equal to the sum of the
two terms immediately above it.

The term at the beginning and end
of each row is 1.

Pascal's Triangle is named after
mathematician, Blaise Pascal (1623-1662).

Rows and positions in rows are numbered

Row 0 1 starting from ZERO.
n=0
Row 1 1 1 Rows are denoted by the letter n.
n=1 Positions within rows are denoted by the letter r.
Row 2 1 2 1
n= Notice that %4y =L + 1
Row 1 3 ~ 1
n= 33 i d \:L
W

Row 4 /i 4 6 4 1 t3,1
n=4 \ -

pos0 pos 1| pos2 pos3 pos4 O, 13@3( on

r=0 r=1\r=2 r=3 r=4
t30 a1

to,0
o tis
tbo 1 ts 5
t3,0 ts31 t3o 33
etc..

t,,r represents the term in row n, position r.

tn,r = tn—l,r—l + tn-l,r

Ex. 1 Express f,, asthe sum of the terms directly above it.

L, .=
73 Z\H—gz—/ ++‘Lr-r)3

é%}.__ ‘é$/1 +£3.3
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Ex. 2 The first 4 numbers in row 10 of Pascal's triangle are: 1, 10, 45, 120

a) Determine the first 4 numbers o

€oo 16 1, 10, 45, 120
NN\ L

Rou )l 1 ) 5SS, LS

J

£ ovmniar 11
1 TOW 11.

b) Determine the first 4 numbers of row 9.

oy 9 9308y
NNV N Y

Ro 10 1, 10, 45, 120
Ex. 3 Fill in the blanks for this section of the Pascal's Triangle.

S 10

6 N IS 20
>
21L 35

Trllaﬂa\;\j—f
S

Ex. 4 Using the diagram of Pascal's Triangle:
a) State the following terms:

i) tios i) t13,0 iii) tg g

RNV | |
b) Which term has a value of 847

éc?/'g ar {7 ‘
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Properties and Applications of Pascal's Triangle

A: ROW SUMS

The sum of the terms in_any row
nin Pascal's Triangle is|2".

Ex. 5 What is the sum of the numbers
in row 9 of Pascal's Triangle?

2N =512

Ex. 6 Which row in Pascal's Triangle
has a sum of 40967
n . =
eqot, N2
0=
B: TRIANGULAR NUMBERS
Numbers that correspond to the number of items stacked in a triangular
array are called triangular numbers.

Triangular numbers: @
® o8 .
e b @%®® @%?@%

1 3

The list of triangular numbers is in
the third diagonal of Pascal's Triangle.

# of coins =

with n rows M, 2

Ex. 7 How many coins arein a

triangle having 6 rows? +,., -
:—t;’ .
eA

C: FIBONACCI NUMBERS

The Fibonacci Sequence begins with 1, 1, and then each subsequent term is
found by taking the sum of the previous two terms.

1,1,2,3,5,8,13, 21, 34, 55, 89, 144, 233, 377,...

The Fibonacci Numbers are
found by adding the terms of
the diagonals of Pascal's
Triangle as shown.
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Pascal's Triangle is used to determine the number of paths between points.

Ex. 8 How many paths will spell MONKEY by starting at the top and
proceeding downwards, moving diagonally left or right?

M, 1
O O 1 1
N, N, N, 1 2 1
Ky K, 3 3

Tolel = 9+9 =13 Lays
Ex. 9 In Plinko, a token slides down a board. If the token cannot go through
a shaded square, in how many ways could you win $5007?

START l l l l

| I l [

2 4 4 3

206 29 PAY 10G
20 49 Sy RSy

S500 S500
02 w9
~Totel #of Leays = 103489

Ex. 10 How many paths will spell MELANIE by starting at the top and
proceeding downwards, moving diagonally left or right?
ok 27
M| row (o L,L
E. E  youn 2 =06
Lo, L
A Ay Ay A,

G E/ \

[ofe :(*(w/Ton(sw(o .

=Ly
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Pascal's Triangle is used in a very important theorem called the Binomial Theorem
that we will study tomorrow. Consider the following as a precursor...

There must be a more efficient way of finding a specific number within Pascal's
Triangle without having to draw it. The method is called Combinatorics.

Binomial Combinations
Distribution Explained

Definition of a Combination N g l ~——— Factorial: The product
of all natural numbers

/ r | (V\ —r\) } less than or equal to n.

Pronounced "n choose r" What is the value of 5/

\ | Evaluate: ST Sxgy 3y 2y
nC,. =/20

In this course, we will use the nCr button on your calculator instead of the
formal algebraic definition.

In the case of Pascal's Triangle,
n CHOOSE r
means find the number that is in row n, position r .

Ex. 11 Evaluate the following combinations.

+ 6 Y d <€
A3 w9 @ =3¢
72¢.=3s = =|

Ex. 12 Find the value of the term in row 4, position 3 of Pascal's Triangle.
My =
( 3 \ - L{
7§7Ex. 13 Find the value of the term in thendf Pascal's Tria%e.

. N=5" =
(3)=10 :

Ex. 14 a) Write out the first four rows of Pascal's Triangle.

b) Express the rows and positions of these rows using recursive sequences with
tn,r and create a formula for generating new terms of Pascal's Triangle sequence .

to L =
'e [a VL GV f‘éwa v
+ / i '

c) Express the rows as combinations.
(%)
)0
(5 y Q)

3y Gy G ()
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HOMEWGORK

p.-377 H €1, €2,
1-4, &12, 17

2. Inthe arrangement of the letters given, how many different paths will spell each of the following names?

a) PASCAL b) BLAISE B ¢) EULER E
P L 1
A A

S s < A A A U U

L

C C c C I ! I !

A A A A A S S S E E

L B L L L L E E R

10. Evaluate the following:
8 1 5 4
s M5 o

11. Find the numberin Pascal's Triangle given the following information about the row and position:

a) Row 12, Position 9 An_swer's

b} Row 1, Position0
) 3rd Row, 2™ Position ? E_']_ 32 b) 20 c)4

d) Ninth Row, Ninth Position 10. a) 28 b) 1 ¢) 1

11.a) 220 b) 1 ¢} 2 d) 1



