Fundamentals
Lecture Six

Factorial n, Permutations...
e Factorial n
e Permutations

e Combinations

e The Binomial Theorem (a + b)"

e Pascal’s triangle

Factors of Polynomials Long

division of polynomials.
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Expansions and Factors

n! is the symbol for factorial n.
nl=nn—-1)Mn-2)(n—-3)...4.3.2.1
For example

4! =4 x 3 x2x1=24,
6l =6 xXxHXx4x3x2x1=720

Note:

i)jnl=nn-1)(n—-2)(n—-3)...4.3.2.1,
=n(n—1)!

(iii) 0! = 1(By definition).




Examples

1.5l =bx (4x3x2x1)
=5 x 4!

| |
2 6! 6 x5! _ 6

" 5! 5!

Combinations and
Permutations

nCr

’I’LPT

Examples

Evaluate the following expressions
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Pascal’s Triangle

6 20
qe€ p1-8 or pl-25 of MATH141 notes.

g9
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Expansions

Standard binomial expansions of (a + b)"
can be found using either Pascal’s Triangle

or the Binomial Theorem.

Examples

= a® + 2ab + b
= a® + 3a°b + 3ab* + 1’
* = a* 4 4a3b + 6a%b* + 4ab® + b*
Question: What is the relationship

between the coefficients in these expansions

and the numbers in Pascal’s triangle?

Note: The ‘a’ terms decrease in power
from n to 0 whilst the ‘b’ terms increase in

power from 0 to n.




Exercise

1. Write down the expansion of

(a 4+ b)° using Pascal’s triangle

2. Write down the expansion of
(1+ )
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a’+5a*b+10a30°+10a%b +5a b*+b°

1+5x+ 1022+ 1023 + 5z + 2°



Example

Expand (a — b)*.

Hint.
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a* + 4a® (=b) + 64 (=b)® + da (=b)° + (=b)*
a* — 4a3b + 6a%b* — 4ab® + v*



Exercises on this stuff

Exercise 1.11.4.2
page 31.

For each of the questions do as many of
the subquestions as you require in order

to gain mastery of the basic technique.
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Long Division

Recall:
1224 + 8 by ‘long division

81224

. 1224 +-8 =153 OR 8 X 153 = 1224

11 [13268

. 13268 + 11 = 1206= OR
11 x 12065 = 13268
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Examples

x—4|x2+ dbxr — 36

x4+ 5r—36=

Note that knowing one factor of the
quadratic has allowed us to find the

other using long division.

x4+ 1|z —2x2 —x+ 2




(x —4)(z+9)

7 — 22—z +2=(z+1) (2% - 3z +2)
=(z+1)(x—2)(z—1)
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In the following example

(42° 4+ 13z + 33) + (22 + 3)

note that the cubic expression
423 4+ 13z + 33 has no z° term. We

re-write

43 + 13z + 33 = 423 + 02 + 13z + 33

20 + 3 |4x3 + 022 + 132 + 33

. (42° + 132+ 33) =




(2z + 3) (22 — 3z + 11)



x+1|z3+0x2+0x+1

x—3|3x3 —Tx2+2x+4

3z — T+ 2044
' r—3 B
OR 323 — 72> +2z+4 =
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(z4+1) (22 —z+1)



28
r—3

322 + 22 + 8+

(3z% + 2z + 8) (z — 3) + 28



Exercise

Evaluate the following using long
division.

. (a®+6a*+3a—3)+~(a+1)

(v + 2y) |yt + 3y + 3y + 2y
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Solutions

. a® 4+ 5a — 2 remainder -1 OR

2 1
a —|—5a—2—a—+1

Yty +1

. 1 remainder 2 or 1 + ==

. a’ — ab+ b?



