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Chapter 9

*(Objectives

i\ * Find Evaluate a binomial coefficient.
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Objective: Use the Binomial
Theorem and Pascals Triangle to

Comb|naf|on calculate binomial coefficients
and binomial expansions.
(p)
* For nonnegative infegers n and r, with n 2 r, the expression (or nCr)

called a binomial coefficient (combination) and is defined by:\r/

n n!
c — — T ———
nr (r) ri(n-r)!

* Remember n! = ne(n-1)e(n-2)e(n-3)e...0l




Objective: Use the Binomial

Edeple: Eleuafing Theorem and Pascals Triangle to

Binomial Coefﬁ Cien.l.s calculate binomial coefficients

and binomial expansions.

Evaluate each of the following:

( 6\ 6! 6! - 60560 /4 e3ePe]
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Objective: Use the Binomial

Edeple: Eleua‘l'ing Theorem and Pascals Triangle to

calculate binomial coefficients

Binomial Coefﬁ Cienfs and binomial expansions.

Evaluate each of the following:

SCZ — — — — —— _ 28
2) 2Y(8-2)! 216! 2ele(beSesbeIwl

3 31 _ 3t

3) 313-3)! 0!3!
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Objective: Use the Binomial

Edeple: Eleuafing Theorem and Pascals Triangle to

Binomial Coefﬁ Cien.l.s calculate binomial coefficients

and binomial expansions.

* There are a couple of special cases you should remember:

Evaluate each of the following:

/8\ | |
c =S8 _ 8 _, (N (0
2) 2Y(8-2)! 2!6! _
\r) \n—r,
( \ ' ' nCr: nCn—r
c - 8) _ 8| _ 8! _ g
6, 61(8 —6)! 612!




Objective: Use the Binomial

Edeple: Eleuafing Theorem and Pascals Triangle to

Binomial Coefﬁ Cien.l.s calculate binomial coefficients

and binomial expansions.

* There are a couple of special cases you should remember:

Evaluate each of the following:

(6] e et et . (n) (n
% (0) oe-0)! 0!6! 1e6! 0/ \n,
. :/6\ _ 6! _ 6! _ 6!, ¢ =C
© 6] 6l(6—6)! 610! blel




Objective: Use the Binomial
Theorem and Pascals Triangle to

Binomidl EXPGnSiOﬂ calculate binomial coefficients

and binomial expansions.

* Expanding powers of binomials

Note the Coefficients

(@ + b)? =(a + b)(a + b) = 1a2 + 2ab + 1b? 1 2 1

(@+b)° =(a+b)a+b)a+b) =(a®+ 2ab + b?)(a + b)
= 1a3 + 3a%b + 3ab? + 1b3 1 3 3 1

(a+b) =(a+ b)a+b)a+b)a+b) =(a3+ 3ab + 3ab? + b3)(a + b)

=1a* + 4a3b + 6a%b? + 4ab3 +1b* 1 4 6 4 1




Objective: Use the Binomial
Theorem and Pascals Triangle to

Pascal’s Triangle calculate binomial coefficients

and binomial expansions.

Note the Coefficients

1 2 1
{ 3 3 1 * It turns out, the rows of

Pascal’s triangle form the
coefficients of the binomial
expansion. The nth row
forms the coefficients for
the expansion of (a + b)".

Rowd —— / 14641\ 1 4 6 4 1

/
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Objective: Use the Binomial
Theorem and Pascals Triangle to

USing PdSCdl calculate binomial coefficients

and binomial expansions.

(x +y)? =1 Oth row

(x + y)l = lx + ly [St row

(x + y)? = Ix? + 2xy + 1y? 2nd row

(x + ) = 1x3 + 3x2%y + 3xy? + 1y’ 3rd row

(x + y)* = 1x* + 4x3y + 6x2y2 + 4xy3 + 1y*
(x + y)? = 1x> + 5x*y + 10x3y? + 10x2%y? + Sxy* + 1y?

(x + )0 = 1x° + 6x°y + 15x*y2 + 20x3y3 + 15x%y* + 6xy° + 1y©

(x + y)" = 1x7 + Tx% + 21x°y? + 35x%y3 + 353y + 21x%y° + Txy® + 1y’




Objective: Use the Binomial
Theorem and Pascals Triangle to

BinOmidl EXPGnSiOﬂ calculate binomial coefficients

and binomial expansions.

* When expanding a binomial (a + b)" using Pascals triangle.
1. There are n + 1 terms.

2. The coefficients are the numbers from the nth row of Pascals triangle

3. The exponent of a is n in the first term, and the exponent decreases
by 1 in each successive term.

4. The exponent of b is O in the first term, and the exponent increases
by 1 in each successive term.

5. The sum of the exponents in any term is n.




Objective: Use the Binomial
Theorem and Pascals Triangle to

The BinOMidl Theorem calculate binomial coefficients

and binomial expansions.

* For any positive integer n,

(a+b)' =), Ca""b
i=1

(@+b) =|"a"b®+|" |a" Bt +| " |a" 2% +...+| " |a®b"
0 1 2 n

* a and b can represent any form of number; (i.e. integer, variable,
or variable expression).

* Note the pattern of the exponents for each term.




Objective: Use the Binomial
Theorem and Pascals Triangle to

The BinOMidl Theorem calculate binomial coefficients

and binomial expansions.

The Binomial Theorem

In the expansion of (x + y)”

(X + y)n = " + nxn—ly + .. _|_C xn—lyr o nxyn—l + yn

n -7

the coefficient of x" " y” 18

n!
G =

(n — r)lr!

n

) 1s often used 1n place of ,C. to denote binomial coetticients.

The symbol (
r




Example: Using the

Binomial Theorem

Objective: Use the Binomial
Theorem and Pascals Triangle to
calculate binomial coefficients

Expand (x - 2y)°

a=X,b=-2y,n=5

/n\ /n\ (
(a+b)" =| |a"b° +|  |a" b+
0, Ry \
(&) (e
(x —2y) = > x>(-2y)° + > x*(—2y)' +
S oy \H e
5) , ., (5
+ x“(-2y)” +
3/ 4

and binomial expansions.

()

o
2

a"eht + ...

N

x°(-2y)’




Objective: Use the Binomial

Edeple: USiﬂg the Theorem and Pascals Triangle to

Binomial Theorem calculate binomial coefficients

and binomial expansions.

Expand (x - 2y)° a=X,b=-2y,n=5
(5 ) (5) (5)

(x —2y)° = |~ [x(=2y)° +| 7 [x*(=2y) +| ~ | x*(-2y)* +
0 1) 2
&) (5 (&)
L [XFE2y) | (2)t | [ xO(-2y)
3 4 2/
51 51 51
_2 5: 5_2 OI 4_2 1I 3_2 2
DB = s —o T ey T e
5! > 3 5! ! 4 5! 0 5
| —2 | -2 | -2
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Objective: Use the Binomial

Edeple: USiﬂg the Theorem and Pascals Triangle to

Binomial Theorem calculate binomial coefficients

and binomial expansions.

Expand (x - 2y)° a=X%X,b=-2y,n=5

5! 5! 51

(x-2y)" = 0!(5—0)!X5(_2y)0 : 1!(5—1)!)(4(_2”1 : 2!(5—2)!)(3(_2>/)2Jr
5!, _ 3 5 V- Y VI
'3!(5—3)!X( 2y) - 4!(5—4)!X( 2y)"- 51(5—5)1 =2y)

(x — Zy)5 = 1x5(—2y)0 + 5)(‘*(—2)/)1 + 10x3(—2y)2 +

10x2(=2y)? + 5x!(=2y)* + 1x°(=2y)°




Objective: Use the Binomial

Edeple: USiﬂg the Theorem and Pascals Triangle to

Binomial Theorem calculate binomial coefficients

and binomial expansions.

Expand (x - 2y)° a=X%X,b=-2y,n=5

(x — Zy)5 = 1)(5(—2y)O + 5)(‘*(—2)/)1 + 10)(3(—2y)2 +
10x°(—2y)> + 5x'(-2y)* + 1x°(-2y)’

(x —2y)° = 1x°(1) + 5x*(-2y) + 10x>(4y°) +

10x2(—8y3) + le(léy‘*) + lxo(—3 2y5)




Objective: Use the Binomial

Edeple: USiﬂg the Theorem and Pascals Triangle to

Binomial Theorem calculate binomial coefficients

and binomial expansions.

Expand (x - 2y)° a=X%X,b=-2y,n=5

(x —2y)° = 1x>(1) + 5x*(=2y) + 10x>(4y°)

10x°(-8y°>) + 5x}(16y*) + 1x°(=32y°)

(x —2y)° = x> —10x"*y + 40x°y* — 80x°y> + 80xy* — 32y°




Objective: Use the Binomial
Theorem and Pascals Triangle to

Sum mary calculate binomial coefficients

and binomial expansions.

* When expanding a binomial (a + b)", keep in mind:

* The first term of (a+b)" = a".

* The last term of (a+b)" is b".

* The exponent of a decreases by one each term.
* The exponent of b increases by one each term.

* The expansion of (a+b)" has n+l terms.

* Each term has degree n. The exponents add to n.

* DO NOT forget to raise the coefficient of each term to the appropriate
exponent.




Objective: Use the Binomial
Theorem and Pascals Triangle to

Edeple calculate binomial coefficients

and binomial expansions.

* Expand (2x - 3y)*

(4 (4 () (4 ()
(2x — 3y)* = X +4 '+4 +4 +4
\0, 1 \2) 3/ (4

(2x — 3y)4 = 16x" + 4(8x3)(—3y) + 6(4x2)(9y2) + 4(2x)(—27y3) + 81)/4

(2x — 3y)4 = 16x"* — 96x3y + 216><2y2 — 216xy3 + 81y4




Finding a specific term

* Expand (2x - 3y)¥

* How many terms are there?

Objective: Use the Binomial
Theorem and Pascals Triangle to

calculate binomial coefficients

and binomial expansions.

* I am certain you do not want to find all 20 terms, so how 'bout we
just find the 12th term?

* In the previous example note the patterns in the terms.

(2x - 3y)* =

(4

0
(4

0

(2x)*(=3y)° +

Term 1
(2x)*°(-3y)°

(4

\d)
(4)

1)

(2x)°(=3y)" +
Term 2

(2x)"(=3y)

(4)

2
N

2

(2x)%(-3y)* +
Term 3
(2x)*%(-3y)*

(4

3
(4)

3

(2x)'(-3y)° +

Term 4
(2x)* > (-3y)’

(4

\ 4
N

4

(2x)°(-3y)*
Term 5
(2x)*"*(-3y)*




Objective: Use the Binomial

Finding a Pdl“‘l'iCUIdr‘ TermTheorem and Pascals Triangle to

in qa Binomial Expansion calculate binomial coefficients

and binomial expansions.

The (r+l1)st term of the expansion of (a + b)" is

n _
an rbr
r

(12
The 5th term of (arb)2is | < | g2 %p% = 49548h*

4




Objective: Use the Binomial

Edeple: Finding a Singleeorem and Pascals Triangle to

Term OF a Binom|al Exparﬁ?j (y] binomial coefficients

mial expansions.

Find the fifth term in the expansion of (2x + y)°

a=2X,b=y,n=9 5th ferm, r = 4

/9\ 5 4 5v. 4
a’b* =126(2x) y' =126(32x")y

4

= 4032x°y*




