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MRI scanners are powerful machines that produce
detailed images of parts of the body. They use a
combination of magnetic fields and radio waves to make
the hydrogen nuclei in your body, which is mostly water
(H,0), resonate and spin in different directions. This
creates small energy differences between nearby nuclei,
which are detected by the machine. These differences
split into ‘'multiplets; whose relative strengths can be

predicted using Pascal’s triangle.

When repeatedly multiplying out brackets containing
a pair of terms, (x+ y)", the binomial theorem provides T
a shortcut to the final expression, and Pascal’s triangle
provides the coefficients. The binomial theorem is

a basic result that has many applications in areas of
mathematical modelling, such as the medical imaging
example described.

|

4
KS4 * To manipulate, Ch4 Differentiation and
* To simplify and simplify and factorise » integration
manipulate algebraic > polynomials Using calculus for curve
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Expanding and fa

Fluency and skills

A polynomial is an algebraic expression that can have constants,
variables, coefficients and powers (also known as exponents), all
combined using addition, subtraction, multiplication and division.
All quadratics are of
The highest power in a polynomial is called its degree. = Sasis degree two.

3 and 2 are powers

{or exponents). This I & l '

polynomial is of Y2+ 4xy*+ 55— —xy—9 e q_i-J.l-'||.-'.|*1=.'|:|l-|
degree 3 i ; ; —— =

i_x and y are variables. |

You can simplify polynomials by collecting (adding or subtracting) like terms. You must never
attempt to simplify a polynomial by dividing by a variable and the exponent of a variable can only

be0, 1, 2, 3, ...etc.

You can manipulate polynomials by expanding, simplifying and factorising them.

i

Expand and simplify (3x + 2y)? — (2x — 3y)?

| Expand the brackets

(Bx+ 29 = (Bx+ 25)(Bx+2y) | subtracting polynomials. |
=0+ 12xy+ 47 - e e e e e 4 PN AR bt
N B = ; B — ) B N . i | r I_I. I. :.\:-\..-l] t-:r-r in ”c
(2x—=3y) =4x* = 12xy+9y* 20 —(2x—3y) =—4x*+12xy—9y* ___ 1 Rtk bonntiot ftoanbise o

"-—il"'l-—-tr"r 1

A statement that is true for all values of the variable(s) is called an identity. ™

= Al

You write an identity using the symbol =

For example, 15x" + 8x” — 26x+ 8 = (3x*+4x — 2)(5x — 4) is true for all values of x
It follows that (3x*+4x — 2) and (5x — 4) are factors of 15x" + 8x* — 26x + 8

Factorising is the opposite process to expanding brackets.

Polynomials and the binomial theorem Expanding and factorising




You can factorise polynomials by comparing coefficients.

(4x — 5) is a factor of the polynomial 12x* 4+ 21° — 61x + 20 |
Use the fact that 4x—5is a
factor to write an identity.

Factorise the polynomial completely.

= 3 fe e
12x°+21x — 61x+20=(4x— B) Ax +Bx+(C) e—m— To expand, multiply each term
(4x— 5)(Ax' +Bx+C) in the first bracket by each
=AAL+APE L ACY o | term in the second bracket.
i e 5B'i(_ 22 To collect like terms write
=4Ax + (4B~ 5A)X + (4C — 5B)x— 5C them under each other.
This is identical to 12x>+ 21 — 61x+ 20

so the coefficients must all be the same. Equate and compare
P coefficients for x*, x*, xand

80 4A=12 e compare the constants.
4B —-5A =21 @
4P BB =51 ® Rearrange @ and @

-5C=20 @ Substitute A = 3 into @
A=3andC=—4 = —

Check by substituting the

4B-5x3=21 e values into @

4B=36s50B=9
i . State your answer clearly and
4(-4)-5(9)=-61V - | check it by expanding the brackets.

50 12x%+21x% - 61x+ 20 = (4x — 5)(Bx? + 9x — 4) e——————{ (3¥ + 9x—4) cannot be factorised
s0 this is the final answer.

{

.

Exercise 2.1A Fluency and skills

1 Write the degree of each of these expressions.

a 3-2x+x° b 1-3x+5x C 2¢%-x+1-4x°
2 Expand and simplify each of these expressions.

a 2x(3x+8) b 2x(3¥+8x-9) ¢ (3y+2)(4y-7)

d 3y(4y+8y-7) e (t-5) f (t+3)(t-5)
3 Expand and simplify each of these expressions.

a (x+4)+(x-47 b (5p+q)-(5p-q)

4 Factorise each of these expressions.

a 4Am'+6m’ b 16n'—12n c 5p'-2p°+6p d 9715y
e 6x°—3xy+9x t 7yz-212° g dele—2f)— 12¢f h p*-100
i 6g(3-2q)+9q j %-f—f% k (d+1)(d+3)+(d+1)d-5)

| w(2w+3)Bw+9)+w(2w - 11)(2w+ 3)

OMyMuths ( Q 2006 @




9 Fully factorise these expressions.
a 4m*+4m’—15m b 7n-15n"+2n
6 Factorise this expression 3x(x + 2)° + (x+2)(5x° + 2x - 6)
7 Expand and simplify these expressions.
a (5p+4qyX-(5p-4q)F b (x+y+zfP-(x-y-2f
c (xV3+4P+(xv3-4)? d (xv5+4)+(x/3-4)

8 a (¥®+3x+9)isafactorof x’+2x° +6x — 9. Work out the other factor.

o

(x* — 2x+ 3) is a factor of 2x* — 11x* 4+ 20x — 21, Work out the other factor.

(% + 2y — 15) is a factor of 2y* + 3y° — 32y + 15. Work out the other factor.

e O

(z— 2)is a factor of 2> + z* — 2z — 8. Work out the other factor.
e (2a+5)isafactor of 6a® + 7a” — 2a + 45. Work out the other factor.

f (¥®-4x+7)isafactor of 2x° — 5x* + 2x + 21. Factorise the polynomial fully.

g (k*—3k+1)isafactor of K+ 3k* — 24k* + 27k — 7. Work out the other factors.

To factorise polynomials

=

oy
)

(n) (

.-/’
(e
—

The volume of a cylinder is y* — 25y + 24 ft*
The base area is (y — 1) ft*

Write an expression for its height.

Let the height be (Ay + B) ft - —

Soy® —25y+24=(Ay+B)(y—1) e ~ 5 ' ]
L B L I — 2 -..-“-\1
ye—=2oy+ 24d=Av-+ By—Ay—F —eie—tl
. . | | ] L Vil

Y= F 24 = Ayc+ Ay — [ , \_ . |

o . — | |

- L e

B—A)= 'y (2 - -

" : ] = . - “heck by csubstituting into &
B=24:B=-24 O ![ ' DGR
A= lE Y e— i ool = —T

; i e e DR DL RSO

So the height is (y— 24) fT e v — VLS FULKSOINICH Doy [

Polynomials and the binomial theorem Expanding and factorising
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In this pyramid, each block is the sum of the
two blocks vertically beneath.

Copy and complete the pyramid.
A square has side length (4b — 7a) cm.

Write an expression for its area in expanded
form.

A cuboid has sides of length (¢ + 2), (2¢ - 1)
and (3¢ — 7) cm. Write an expression for its
volume in expanded form.

A square hole of side length (@ + 2) cm

is cut from a larger square of side length

(2a + 5) cm. Without expanding any brackets,
write the remaining part of the large square as
a pair of factors.

A rectangle, sides 2a cm by a cm, has a
square of side x cm cut from each corner.
The sides are then folded up to make an
open box. Work out the volume of this box.

A ball is thrown from ground level and
its height, h ft, at time [ s is given by the
polynomial i = 25t — 5¢°

a When does the ball next return to
ground level?

b  What is the maximum height reached by
the ball?

A body moves along a straight line from

a point O where its position, x metres at
time, ¢ seconds is given by the equation

x =38 - 28F + 32t. Its velocity, yms™ and
acceleration, ams” at time t are given by the
equations v =9¢ — 56¢+ 32 and a = 18¢ - 56

a Find the values of t when the body is at
0, and find its velocity and acceleration
at these times.

b Find the distance of the body from O and
its velocity when its acceleration is zero.

10

1

12

Exercisae 2.1BE Reasoning and problem-solving

¢ Find the value(s) of t when its velocity
is zero, and find its acceleration at these
times.

A rectangle has the dimensions shown. All
lengths are given in centimetres.

x2+2c-9 Jx+1

P
L *

.
&

x2+3x-2
4
" A

.
'+ -

2x2 —3x+1 p

a Find pand ginterms ofx

b Write expanded expressions for the
rectangle’s perimeter and area in terms
of x

Kia has lost her calculator. Show how she
can complete these calculations.

a 66.897—33.11°
b (V8)'-(v2)

A cuboid has volume (2/° + 3h* — 23h — 12) cm’.
Its length is (h + 4) cm and its width is
(h — 3) cm Work out the height of the cuboid.

The area of a rapezium is given by the
polynomial (25’ — 175* + 415 — 30) cm”. The
perpendicular height is (4s — 6) cm. Write an
expression for the sum of the parallel sides.

The area of an ellipse is given by the
formula mab, where a and b are half the
lengths of the axes of symmetry. The area
is(6t®—5t*+ 15t + 14) and a = (3t + 2).
Write an expression for b

Challenge

13 V=nl[r’—(r- a)’] is the volume of a
circular pipe.

Find an expression for Vin terms of p
whenl=4p+5,r=3p-4anda=p+1

OMYMaths ( Q 2006
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Fluency and skills

You can expand (1 + x)"wheren=0,1, 2,3, ...

EXPANSION COEFFICIENTS
(1+x)P=1 1
(I1+x)=1+1x 1 1
(I1+xP=1+2x+1x? I 2 1
(1+xP=1+3x+3x*+1x? gl
(1+x)'=1+4x+6x2+4x® + 1x* 1 4 6 4 1 Pascal’s Triangle
(1+x)=1+5x+10x*+10x*+5x*+1x* 1 5 10 10 5 1 was published in

1654, but was known

The coefficients form a pattern known as Pascal'’s triangle. to the Chinese and
Each coefficient in the triangle is the sum of the two coefticients the Persians in the
above it. 11th century.

Use Pascal’s triangle to write the expansion of (1 + 2y)° in
ascending powers of y

The coefficients are 1,6,15,20,15,6,1 » -

(1+ (29))° e e R e~ S

=1 + &2y + 152V~ + 2002y + 152y + 6(2y) +{(2¥) |

Yy

|
|
=1+ 12y+ 60y + 160y + 240y + 192y + G4y ! | ‘

Replacing 1 with @ and x with b gives the binomial expansion

(a+ b)"wheren=0,1,2,3, ... A binomial

expression has two
As n increases you can see that again the coefficients form terms

Pascal’s triangle.

(a+ b) = 1

(a+b)' = la+1b

(a + by = la’ + 2ab + 1b°

(a+b)= 1a® + 3a*b + 3ab* + 11

(a+b) = la' + 4a’b + 6a*P* + 4ab’ + 1b’

(a+ b) = la® + 5a'b + 10a’h’ + 10a’b* + 5ab’ + 1b°

Polynomials and the binomial theorem The binomial theorem




In each expansion, the power of a starts at n and decreases by 1 each term, so the powers are n,
n=1Lnr—2..,0

The power of b starts at 0 and increases by 1 each term, so the powersare 0, 1,2, ..., n

The sum of the powers of any individual term is always »

Expand (2 + 3t)*

Use Pascal's triangle and ‘
(2+31)" o the expansion of (a + b)’ j

substituting 2 for a and
=29+ 4X2%°%(3L) + 6 X 2° X (B3L)* + 4 X 2 X (3t)° + (31)* 3tfor b J |

=16+ 96r+ 2161 #+ 216t +81¢!

|

It would be impractical to use Pascal’s triangle every time you need -
Note that the

to work out a coefficient—say, for example, you want to find the : e
i o " . first coefficient in
coefficient of x° in (x + a) _
eachrowisthe Oth
There is a general rule for finding this coefficient without needing to | coefficient.
write out Pascal’s triangle up to the tenth row. —— i ——
~ "C, is sometimes |
o : n! . . -
The rth coefficient in the nth row is "C = ——— S ritten nel . o' €
C o (n=r)ir! . nr
|
n! stands for the product of all integers from 1 to n. m [ - -
; : Look for the ‘
You read it as n factorial. d =N
factorial button on 7=
For example, 6!=6x5x4x3x2x1=720 your calculator. It = {
|
|
|

- may be denoted x!

"C, is the choose function and you read it as ‘'n choose r’ It gives

the number of possible ways of choosing r elements from a set of n
elements when the order of choosing does not matter. For example,
the number of combinations in which you can choose 2 balls from a
bag of 5 balls is °C,

You use the choose function because there are several ways of
getting certain powers from an expansion. For example, there are 3
ways of getting ab” from the expansion of (a + b)’: a from either the
first, second or third bracket and b from the other two brackets in
each case. The term in ab’ for the expansion of (a + b)’ is therefore
°’C, ab’®=3ab?

ah?

)
ab*

(et = hy(a+h)la+h)

L

ab?

eMyMaths ( Q 2041




A term in the expansion of (y + 2x)" is given by ky’x®
Find the value of k

2

ARR

Use your calculator to find °C,

I
A
i -

‘ G
_ 31 9C,xy°x (2x)° =84 x y* x 64xX° * and work out 2
AL = 5376y
k= 5576 - — S i ""'l F & phifim ni A

The formula for the binomial expansion of (@ + D)"is sometimes called the binomial theorem.

Ky Rl

(ff 4 b)""Eﬂ” + "Clﬂ'” lh+ nczau—zb'.' s +”Cra" rth* + ..+ b

For the expansion of (1 + x)" this gives

n(n-1) 2 n(n-1)(n-2) .

(1+x)" =1+nx+ - X+t x"

Write the term in 2" in the expression (2z — 1)'*. Simplify your answer.

0

The powers add to 15

|
Takea=2zand b=—1 I
j so the second power
l

e (225 1=1)" o

A

-

- -

must be 11. Use the *

al = 1265 X 162° X (=1) o— kil 4
| =-21840z* N et ]
1 Calculate the values of 5 Find the first four terms of these binomiai |
a5l b 7! c 11! expansions in ascending powers of x
2 Calculate the values of a (1+x) - (1ﬁ3x)7_
asc b, ¢'C dv ¢ (1+2x) d (2-3x)
e (x-2) £ (2¢-1)°

3 Work out the values of
. 5 ( 10) ¢ [13
3 1 5
4 Use Pascal’s triangle to find the expansions
of each of these expressions.

20 6 Use Pascal’s triangle to expand each of these
expressions.

6 5
a (2-4y) b (3b+5) ¢ (42—%)

7 Find the first three terms of these binomial

2} expansions in descending powers of x
a (1+3x) b [1——J 6 8
2 a (2+x) b (1-2x)
4 .5 2 7
(H (1—%) d (14'-3:2:1) ¢ (3_1) g (I+4)“
' e (2x+3)" f Em)

IV Polynomials and the binomial theorem The binomial theorem




8 Use the binomial theorem to expand each 12

of these expressions.
b (3-2p)
d (3p-4q)

-I'|1

z::——]

t (223

[r 5]“
_+_
2

a (2+3n0)
¢ (4p+3q) 13

e (3z-2)

2.‘:].5
2 hi——
e

e Y 14
g
2 3
9 Find the terms indicated in each of these
expansions and simplify your answers.
a (p+5)p term in p° 5
b (4+y) term in y°
c (3+g)? termin g’
d (4-3m) term in m’
e (2z-1)° term in z*
- gY® , 16
f (:+; term in z°
g (Bx+4y) termin y
h (2a-3b)"° termsinia’®andiib’
, I o 17
i 4p+3 term in p*
11
i {‘m_%] terms inia® andii b’
4
2b\" 3 i
k (E—-} termsinia’ andii b’ 18
vZ 3
10 Use the binomial theorem to expand each
of these expressions.
a (¢+a) b (v*-w?)
¢ (2¢+5£) d (2s2-5¢#)
i % 3 o
e (a'+i) f [2w+—]
d w
11 Use the binomial theorem to expand each 19

of these brackets.
§

a (x+£]- b
s

Expand and simplify each of these

expressions.
a 3x(2x-5) b (2+x)'(1+x)

|
Expand and simplify each of these 1
expressions. »

a (5-2x) +(3+2x)
b (1+3x) -(1-4x)

Expand and fully simplify each of these
expressions. Show your working.

a (2 + \@']4 +(1 - ‘6)4
b (1-5) -(2v5+3)
Write down the first four terms of the

expansion of each of these in ascending

powers of x

a (1+2x) b (1-3x)

wherene N,n>3

a Expand (1+4x)’ in ascending powers of
x up to and including the term in x*

b Use your answer to part a to estimate
the value of (1.04)"

a Expand (1-2x) in ascending powers of
x up to and including the term in x°

b Use your answer to part a to estimate
the value of (0.99)"

Use the binomial expansion to simplify
each of these expressions. Give your final
solutions in the form a+ b2

a (1+J§)3 b (1-\{5)5
c (3+2J§r d (fiizfl
(3] 1 (3]

Use the binomial expansion to fully simplify
each of these expressions.

Give your final answers in surd form.

o (1) b (15
c (S_ﬁ);; d (2JE+5]3
o () 1 (G-

OMyMﬂthS (Q 2041
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Reasoning and problem-solving

A football squad consists of 13 players. Use the formula "C, = n } —————to show that there are
-r)tr!

78 possible combinations of choosing a team of 11 players from thls squad.

13!
I

T (13-1711
13X12X11X10X... X2X 1

21%11 X 10%...%X 2 X 1 ____7/5‘;
g [ cel the common T~
= — Lo - S - -
ol |
o I r—— - -
1 2o
-_ :7‘?‘:‘1

a Using the first three terms of the binomial expansion, estimate the value of 1.003"

b By calculating the fourth term in the expansion show that the estimate from part a is

accurate to 3 decimal places.
L = —— )
a Py ra — ey I.\""'" ;
a 1.005 =(1+0.003) - ——— — —— —a I |
First 3 terms e
. —ee—{ 2 ]
n(n—1) | Use the first : softhe Y
= + Hx L ’I-v e —— s
|
= [ f e i LY W YEN I
=1+ 8(0.003) + 28(0.003) :
=1+ 0.024 +0.000252 “\
2 - ¥
=1.024252 (= 1.024 to 3 of) »— — =1 i 4 Vet erl
n(n—"1)(n—2 -
h_k 4N _'J,f—ljn| f""’,:]

3!

Adding this term will not affect the first three decimal place:

Polynomials and the binomial theorem The binomial theorem




Exercise 2.2B Reasoning and problem-solving

10

1

12

13

How many possible ways are there to pick a
7's rugby team from a squad of 10 players?

How many possible ways are there to
choose half of the people in a group of 20?

A cube has side length (25 — 3w). Use the
binomial expansion to find its volume.

Use Pascal'’s triangle to find the value of
a 1.05" correct to six decimal places,
b 1.96 correct to four decimal places.

Use the binomial theorem to work out the
value of

a 1.015° correct to 4 decimal places,

199 )"
b (~— ] correct to five significant figures.

100

Use the binomial theorem to work out the

3 o
value of (— ) correct to five decimal places.

i

Work out the exact value of the middle term
[ [1]
in the expansion nf(\f§+\}5)

a Find the coefficient of x* in the
expansion of (1 + x) (2x — 3)°

b Find the coefficient of x* in the
expansion of (x - 2) (3x + 5)*

1 (]

Find, in the expansion of ( x?—— ] , the
e ax

coefficient of

a xf’- b x{i

1 » 10
Find, in the expansion of(}; +1° ] , the
coefficient of

a b t°

The first three terms in the expansion of

(1+ax)" are 1+35x+490x°. Given that nis a
positive integer, find the value of

a n b a

Given that (1+bx)" =1-24x+252x" +...fora
positive integer n find the value of

a n b b

In the expansion of (1+2x)", n a positive
integer, the coefficient of x” is eight times
the coefficient of x. Find the value of n

14

15

16

17

18

: xY .
In the expansion Of(l + E) , 1t a positive
integer, the coefficients of x' and x° are

equal. Calculate the value of n

Find an expression for
2 [ HE b n
= 3
n n+l
n-—2 n—1
Write your answers as polynomials in n
with simplified coefficients.

Fully simplify these expressions.
n! (H+3)'
(n+1)! n(n+1)!

Find the constant term in the expansion of

(2+3x)3[l—~4]4

X

Find the coefficient of y” in the expansion of
(y+5)(2-y)

Challenge

19 A test involves 6 questions.

For each question there is a 25% chance
that a student will answer it correctly.

a How many ways are there
of getting exactly two of the
questions correct?

b What is the probability of getting
the first two questions correct then
the next four questions incorrect?

¢ What is the probability of getting
exactly two questions correct?

d What s the probability of getting
exactly half of the questions correct?

OMyMa!hs ( Q 2041




 Algebraic divisio

Fluency and skills

In Section 2.1 you learned how to factorise a polynomial by writing T 1T

) . .
the identity and comparing and evaluating constants. 1 Resource
You can also use the method of dividing the polynomial by a known e online

factor. You can divide algebraically using the same method as ‘long To investigate algebraic

division, click this link
i\'m the digital book.

division’ in arithmetic. It is an easier method than comparing
coefficients when the polynomials are of degree 3 or higher.

®

Use long division to divide 2x* + 7x® — 14x* - 3x + 15 by (x + 5)

oo

- & i . i X
Give your answer in the form of a quotient and remainder.
— — — - ]
L o [
2x°— A%+ x—6 | . ;
=) - P [ i L
(x+5))2x*+ 7x® — 14x% - Bx+ 15 | an il
2x 4 10x7 s - . . . S — 1' lin
—Ax% — NGy ———— . e — = _i‘
—Fed 15y T — - ! | ol t T |
a | !___ the 1 |
S
- | |
Ao 9K , |
—Bx+ 15 — —}
; 4 | et a
‘"&){ _ 4‘{1 I s , -
e L =i [
] .
S0 (2x* + 7x® = 14x2% — B3x + 15) + (x + 5) - e ————
= (2x% — 3x* + x— B) remainder 55 ®=- :
Use long division to show that (x—2) is a factor of f(x) =x*+ 102+ 11x — 70
& i [ o i o
X"+ 12x+ 35 B i
(x— 2});_ +10x*+11x=70 | —
= —2x - - | Multin!
L A | \Age
12X+ 1 1x = 1 i
Lo " | ]
. t
35x—70 | L . .
| P — —
35x~ 70 1 | w |
e ! L = !
~ | ki
{/ | | 8
‘ 2
There is no remainder when f(x) is divided by x— 2 so x— 2 is 3 | l . 3 |

R e ) : I [ o |
factor of f(x) - : |

Polynomials and the binomial theorem Algebraic division




Example 1 shows that dividing f(x) by (x — a) leaves you with a remainder, R
In general, for a polynomial f(x) of degree n > 1 and any constant a
f(x)=(x—a)gx)+R

e — -

This calculation also

Where g(x) is a polynomial of order n— 1 and R is a constant. | demonstrates the
For the particular case when x = g, this gives . remainder theorem
f(a)=(a—a)gla)+R . which is beyond the
fla)=R | scope of your A level

. course.
You can see from this that f(a@) = 0 implies there is no remainder when

f(x) is divided by (x — a)
The factor theorem states that if f(a) = 0, (x — a) is a factor of {(x)

In Example 2 you saw that there is no remainder when x* + 10x° + 11x— 70 is divided by (x - 2),

which is equivalent to saying that (x — 2) is a factor of X’ + 10x* + 11x - 70

If you substitute x = 2 into the expression, the factor (x - 2) is zero so the value of f(x) is zero.

You can check this by substitution, which gives f(2) =2* + 10(2)* + 11(2) - 70
=8+40+22-70=0

— S e

Show that (x + 3) is a factor of 2x* + 2x* — 9x* — 4x — 39

4 2 2 (x— a) is a factor if f(a) = 0, so
*F(—B) =acn)te 2(_3)- N 9('5) —AE0)—39 e to show (x + 3) is a factor you

=0 need to show that f(-3) =0
(x+ 3) is a factor since f(-=3) =0

Fully factorise the polynomial 2x* + 17x* - 13x — 168

F) =20+ 173 - 13x— 168
":[-\] ) = 2(-1 )4 + 1 7(1)g -1 3[:1 J —-168=-162 Use trial and error with

#1120 1y £ different values of ato find
(1)#0s0(x=1)isnot afactor a case where f(a) =0

f(2)=2(2)°+17(2)*-13(2)-166=-110 —
f(2)#0so (x— 2)is not a factor
f(3)=2(3)°+17(3)2—13(3)- 1686=0 Use long division to divide
f(3) =0 s0 (x— 3) is a factor the polynomial by the
o e ___| factor to get a quadratic
- ZT bl ) expression in x
(x—3)) 2% + 17 —13x— 168
2x° — 6x°
oo i
23%* — 69x the polynomial in @
56x— 168 partially factorised form.
56x— 166 —me
0 Factorise the quadratic
S02X°+ 17— 15x—168=(x—3)(2x +23x+56) *=—————— to fully factorise the
=(x-3)(2x+ 7)(x+ 8) * polynomial.
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Divide

a x¥*-x-9by(x+9)

b 3x¥-19x-14by(x-7)

¢ 8x"+14x-15by(2x+5)

Divide each polynomial by the given factor
by comparing coefficients.

a ¥®+3x¥-1lx+7by(x—1)

b x¥+2x-4x-3by(x+3)

¢ 2X+9¥°-17x—45by(2x-5)

d 3X-14x*+ 16x+ 7by(3x+1)

e 2x'—17x°+22x*+65x—9by(2x-9)
Use long division to divide

4x° +4x* - 8x+ 5 by (x—4)

Use long division to show that

5x* + 11x? -~ 73x — 15 is divisible by (x - 3)
Divide using long division

a X-2x+1by(x-1)

X —10x*—10x— 11 by (x - 11)

6x* — 13x* — 19x + 12 by (3x + 4)

6x* — 19x° +23x* — 26x 4+ 21 by (2x — 3)
10x* 4+ 33x° — 57x* + 5x+ 1 by (5x— 1)

o o o o

Reasoning and problem-solving

6 Work out the values of i f(0) ii f(1) fii f(-1)
ivf(2) v f(-2) when

B O QO O o m

f(x) =x'—2x" + 10x
fx)=x-2x*-2x -2
fix)=xX*-32%+x+2
)=
f(x)=x"-x"—-4x+14

Show that (x + 6) is a factor of
x3+4x*—-9x+ 18

2xt+x-—5x+2

Show that (x — 8) is a factor of
2x3—13x*— 20x— 32

Show that (3x — 1) is a factor of
3x*+11x*—-25x+7

Show that (5x + 2) is a factor of
10x° + 19x*—39x— 18

8 Fully factorise the polynomial 4x* + 27x* - 7x

9 Fully factorise the polynomial 2x* + 9x* —2x—9

10

a
b
c
d

Factorise fully x* + 3x* — 16x + 12
Factorise fully x* — 6x% — 55x + 252
Factorise fully 6x* + 19x* + x— 6
Factorise fully x* — 13x* — 48

To factorise a polynomial

@ Apply the factor theorem as necessary to find your first factor
@ Divide the polynomial by the factor to get a quadratic quotient
@ Factorise the quadratic quotient to fully factorise the polynomial

_/

(x+ 1) is a factor of the polynomial 3x° + 8x” + ax — 28. Fully factorise the polynomial.

f(-1)=0 +———mm :

= 3(=1)"+86(-1)"+a(-1)-28=0

—B+B-3-28=0=>3=-23 e

Se + Dy =28

(x+ 1)) 3x° + 8 —23x— 28

|
L

H Polynomials and the binomial theorem Algebraic division

—)

Use the factor theorem
fta) = 0, to form an
expression in a

1

L-—-_ Use long division to get a |
guadratic quotient (the ful
calculation isn't shown here). |

I
f - |




Exercise 2,3B Reasoning and problem-solving

10

a 2x'+px’—6x"+gx+6is divisible by
(x-1)
Use this information to write an
equation in pand g

b 2x'+ px'—6x" + gx + 6 is divisible by
(x+3)
Use this information to write an
equation in pand g

¢ Solve these equations simultaneously to
find the values of p and ¢

a Work out the value of a when
2x" + ax® — 4x + 1 is divisible by (x - 2)
b  Work out the value of b when
x*+(b*+ 1)x* + bx* + 7x— 15 is divisible
by both (x+5) and (x— 1)
¢ Work out the values of p and g when
2x' + px’ — 6x° + gx + 6 is divisible by
(x*+2x-3)
X =4 -31x+70; X +3x—10and x* - 9x + 14
have one common factor. What is it?

What is the LCM of x* + 4x + 3 and x* + x — 67
What is the highest common factor of
X+4x¥*+x—-6and x’ + 3x* —x - 3?

Find the LCM and HCF of 2x* + x - 21 and
2x*+ 15x+ 28

Find the LCM and HCF of x* + 7x* - 53x - 315
and x* +21x*+ 143x + 315
f(x)=x"+9x*+11x-21 and
g(x)=x°+2x%-13x+ 10

Find the common factor of f(x) and g(x) and
show that it is also a factor of f(x) — g(x)

Find the values ofaand bif5x—4and x+ 3
are factorsof ax* + 33x+ b

a Acircle’sareais m(4x*— 12x+9) m?
Work out its radius.

b The volume of a square-based pyramid
is (2x° — 5x* — 24x + 63) cm®. The height
is (2x + 7) cm. Work out the length of
the side of the square base.

1"

12

13

14

a The velocity of a moving body is
2t — 19 + 57t — 54ms™' atany time £.
When is the body stationary?

b The acceleration of the same body is
61* — 381 + 57ms . Work out
i The acceleration of the body when

the velocities are zero,
ii  The exact times when the
acceleration is zero.

The volume of a cone is

n 2

;(3):3 -11x° - 15x +63) m3

a Work out possible values of the radius
and height of the cone in terms of x

b What is the range of possible values
of x?

Part of a rollercoaster ride is modelled by

the equation h = ' — 12 + 41t - 30 where

h is the height above ground level in metres

and ¢ is the time in seconds. Work out

a Atwhat times the ride is at ground level,

b  When, between these times, the ride is
above the ground level.

a A pyramid has a rectangular base. Its
volume is given by V=x"+7x* + 14x + 8cm’
Work out the possible values for its
dimensions.

b  What is the range of possible values
of x?

Challenge

15 A sphere, radius (x + 5) cm, has
a concentric sphere, radius
(x — 3) cm removed. Use the identity
A’ — B*= (A - B)(A* + AB + B?) to work
out the volume of the shell. Give the
volume in expanded form.
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Curvei etching

Fluency and skills

You can sketch the graph of a function without plotting a large number

: : v ' You can use a
of points. A sketch should show the key features of a function. Youc

graphics calculator
» [Its general shape including any symmetry, | to sketch curves.

+ Its x- and y-intercepts.

Many sketches also show maximum points, minimum points and

: g : At a point of inflection
points of inflection. p

the concavity of the

A cubic function can be written in the form y = ax’ + bx* + cx + d, curve changes: it
where a, b, ¢ and d are constants and a # 0 bends in the other
~ direction.

Cubic curves take the form

VoW

y=ax +bx*+ex+d a>0 yv=ax’ +bx*+cx+da<0

i 1
Reciprocal curves such as y =—

1 ol 1 44
and y = — exhibit interesting e
¥
behaviour as they are undefined for s o L& Yl
certain values of x
Both of these reciprocal functions e~ R T e e o
2 2 | 4 g 3 4
are undefined for x=0 as you I
cannot divide by 0. As x gets closer b 2
to 0, y approaches infinity, =, or 1!
negative infinity, —ee : 1

In both of these functions, as the magnitude of x gets bigger and bigger, v gets increasingly close to
zero but never reaches zero.

The x- and y-axes are as s to the curve in each case.
Ihe x- and y-axes are asymptotes to the c I

. - - p ‘_".'I- ‘-h ™
Aline, [, is an asymptote to a curve, C, if, along some unbounded section of the i ..T_,.n...ﬂl
curve, the distance between C and [ approaches zero.

Polynomials and the binomial theorem Curve sketching




a Foraconstant a > 1 sketch these curves on one set of axes.

LR =(a—xMer1)(cr2a) B g(szé

b Show that there are no positive solutions to the equation —(a — x)* (x+ 1)(x+2a)-2=0

a i xintercepts:a—x=0=>x=2a
| s+ 1T=0=x==—1 |
x+2a=0=x=—2a

y-intercept: x=0 = y=ax 1 X 2a= 2

The coefficient of x* i y=iy 22
-1X1X1=-1<0

As the magnitude of x
gets bigger and bigger the
value of ygets closer to 0

li Undefined whenx—a=0=x=a —,

Negative cubic shape,
a>1and -2a<-1

b —(a-x2(x+1)(x+2a)-2=0
(@a—x)(x+1)(x+2a) =

A i=x)
2 .
(a—X)(x+ 1)(x+ 22) =——= f(x) = g(x) You cannot divide by 0
(x—a) s0 as x gets closer to a, y
The equation is satisfied at the points of intersection of f(x) and g(x). gets closer 10 oo or —oo

From the graph, the curves have two points of intersection and both have
negative x-coordinates, so there are no positive solutions.

Transformations can help you to see how different functions relate to one another.

You will work with four commeon transformations in this chapter.

' y = af(x) is a vertical stretch of y = f(x) with y = f(ax) is a horizontal stretch of y = f(x) with
scale factor g scale factor 1
: - a
| . ¥
! y=3f(x) *% A
v =flx) =
¥l 7 g
T T () S : I 0 [ e
o r=H3x) 1

In the transformation y = f(ax), each x-value
is multiplied by a before the corresponding
y-value is calculated.

In the transformation y = af(x), the x-values
remain unchanged and each y-value is

multiplied by a
P y Every point (x, f(x)) becomes (x, f(ax))

If a < 0 the transformation y = f(ax) m
If a < 0 the transformation ik biiddd | reflects the curve in the y-axis. If-1<a<1
y= af(x) reflects the curve in the x-axis. the curve gets wider.

OMYMaths ( Q  2022-2024, 2027, 2258 @ .
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Every point (x, f(x)) becomes (x, af(x))




y = {(x) + aisa wranslation of y = f(x) by the
0

vector
a

In the transformation y = f(x) + @, the x-values
remain unchanged and each y-value is
increased by a

Every point (x, f(x)) becomes (x, f(x) + a)

If @ < 0 the transformation m

y=1f(x) + a translates the curve downwards.

y = f(x + a) is a translation of y = f(x) by the

~a
vector
o)

In the transformation y = f(x + a), a is added to
each x-value before the corresponding y-value is
calculated.

Every point (x, f(x)) becomes (x, f(x + a))

If a < 0 the transformation Say paka
y=1f(x+ a) moves the curve to the right.

1‘;»:-‘!" The graph shows a sketch of the curve y = f(x)
g ﬁ! Sketch the curves
§-| ay=2f(x) by=flx)-1 c¢y=f(x-1) dy=f(-x)
ﬁ:jr The translated curve has 1
| asymptote y=2x3=5 |

The translated
curve has
asymptote

You don't have
enough information
to mark the

y-intercept

The curve is
reflected in the
y-axis.

ﬂ Polynomials and the binomial theorem Curve sketching




Exercise 2.4A Fluency and skills

'II =
= s

T -
"
[ =y

‘I

1 Evaluate all the x-intercepts for these graphs. Sketch the graphs of
Show your working. a y=f(2x) b y=f(x-2)
a y=x-x-6 b y=2x%-9x-35 ¢ y:f(i] d y=f(x+3)
¢ y=x+8 d y=2x'-54 e yrf[—ax) f y=-f(x)
e y=(x-3) f y=(2x+5)'-7

7 The graph of y = g(x) has a maximum point

2 Identify all the vertical and horizontal at (-2, 5) and a minimum point at (8, —4)

asymptotes for y = r—;l Show your working. State the coordinates of the maximum and
3 Evaluate all axes of sy;mel ry in these graphs. RMAERWE PO OLUR Sty IOOHed £ Sk
Show your working. a y=g(4x) b y=3g(x)
a y=2*-8x-9 b y=(x+2) ¢ y=g(x+7) d y=g(x)+4
¢ (v-3)\=x+4 d y=(v-4ay(c+3) e y:% (%) £ y=—g(x)
Hence sketch the graph of each function. g y=g(-x) h y:g[g)
%  Sketcuthe graphs of these functions. 8 Describe each of the transformations in
a y=x*+3 b y=(x-3) question 7
c y=-2x'+3 d y=2(x+3)-1 9 f(x)=x’. Write down the equation when the
e y=(2x+1) f y=5+(3x-4) graph of y =f(x)is
g y=x-5x"-14x a Translated 3 units left,
h y=(x+5)(x—6)(2x+1) b Translated 2 units up,
i y= ;tz— j y= :? ¢ Stretched vertically by scale factor 2,
o J.C—_S7 d Stretched horizontally by scale factor 3

10 The graph of y = f(x) is shown.
5 Sketch the graphs of these functions.

-

-
-

a y=52-2¢ b y=52+2¢
¢ y=x-3¢ d y=(1-x)(x+3) L
e y=x(x-3¢ § y=x(x+3p = -=m=me- e ——
g y=ar-—-7x h y=(x"-4)(x*-9) e o II 0 s s £
6 The graph of y=f(x) is shown. K‘-..H E i
124 II- ] : 3
H A -II- '
/ = | Sketch the graphs of
5 0 o ———— a y=f(x+3) b y=3f(x)
& 44 - :
/ . /.ff C y= f( %] d y=flx)+1
/
, 12
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Strategy

Reasoﬁing and problem-solving

You can use graphs to show proportional relationships.

If y is proportional to x, you write y = x, This can be converted to an equation using a constant
of proportionality, giving y = kx. The graph of y against x is a straight line through the origin with
gradient k

, 1 k . k. :
If yis inversely proportional to x you write y e — or y =—, The graph of y = — is a vertical stretch,
X X X

. I
scale factor k, of the graph y=—
A

A rectangle has a tixed area of 36 m-, Its length, y m is inversely proportional to its width, x m.

a Write a formula for y in terms of x
b Without plotting exact points, sketch the graph of your function.

¢ Explain any asymptotes that the graph has.

|

I

1
-k

N,

When x= 0, yis not
defined.
The line x =0 |s an

asymptote, = |
! ||

%6 . S
| ———— —(2)3)5)
When 0, xls not l AnDIv whaEGa ko ABa]
defined. e : . “

o =1 TG PR oy B (1 e g il s
The line y=~UIsah asymptote

G _v:-JI“Id ¥ are actual lengt hs, 50 l,,|'|r.\_." must be [.:."---';i'r_ ive and the curve i:.lf}'l".'-'.l:',ihti.’-'-

the asymptotes as ¢ hown.

Polynomials and the binomial theorem Curve sketching




1

The radius, r, of a container is inversely
proportional to its height, h

A container of radius 4 cm will have a height
of 14 cm.

a Write an equation linking k and r

b Sketch a graph to illustrate this
relationship.

The volume, vem® of water in a tank is
proportional to the square-root of

the time, t seconds. After 15 minutes the
tank has 1800 cm? of water in it.

a Write an equation linking v and ¢

b Sketch a graph to illustrate this
relationship.

a Sketch the graphsof y = and

X+2
y=x%(x—3) on the same axes.

b Use your answer to part a to explain how

many solutions there are to the equation

1
o o )
( ] x+2

The graph of y = f(x) is shown.

Give the equations for each of these
transformations in terms of f(x)

a ¥ b }
I A
T\ s B !
; ? bRy
S i
c | d 1

Exercise 2.4B Reasoning and problem-solving

5 The graph of y=x"+ Ax’ + Bx+C is shown.

1
1 4 :
/
'J’.I
L Lt - /

/ i
4 B ¥
S -

£ £ B i .

Find the values of the constants A, Band C

This is the graph of y = {(x) where
f(x)=x"+Ax’+Bx*+Cx-10

by
40
M

I\w 172 3 45

40 L
ry

=1

Hill 4

Find the values of the constants A, B, and C

The graph shown has the equation

B
= A+ ;
Y x+C 6-h_ji
: gt | G B
Find the values of ¥
A,Band C 2 )
# =y
6 4 20 2131 6
21 T %
4 I
]
Challenge

8 For the graph of y=ax’ + bx + ¢ where
a, b and ¢ are constants

a Explain the conditions for the
graph to have a minimum point
and the conditions for the graph to
have a maximum point,

b Write down the coordinates of the
maximum or minimum point,

¢ Write down the coordinates where
the curve intersects the axes,

d  Write down the equation of the line
of symmetry of the curve.
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Chapter summary

« The highest power in a polynomial expression is called its degree.
«  When adding or subtracting polynomials, expand brackets before collecting like terms.
« Identities use the = sign. Identities are true for all values of the variable(s).

« Forn=0,1,2,3,...., the binomial expansions are
u n—1 n n-1{n-2) . 3
(1+x)" =1+n ( ] =Lk ]x"-+...+x
2! 3!
and

(a+b)"=a"+"C,a"'b+"C,a" b’ +..4"C,a""'b" +...+b"

n!
(n=r)ir!
« You can divide algebraically using the same technique as for long division in arithmetic.

o The factor theorem states that if f(a) = 0, then (x — a) is a factor of f(x)
« To sketch a graph you need to consider the symmetry, x- and y-intercepts, asymptotes,
behaviour as x and/or y approaches + e, and any other obvious critical points. You can also use

« The coefficients of these expansions can be found from Pascal’s triangle or from "C, =

your knowledge of transformations.

You should now be able to0 Try Questions

«” Manipulate, simplify and factorise polynomials. 14, 17

«” Understand, expand and use the binomial theorem. 11

«” Divide polynomials by algebraic expressions. 6, 12,14, 15

«” Understand and use the factor theorem. 5,13, 16

 Usea variety of techniques to analyse a function and sketch its graph. 18-23

1 Addtogether2x'+ 9x"+ 11x° - 3x— 512" - 12 5 The equation 2x'+ ax’ + bx + ¢ = 0 has roots
: Al I U e TR Ci o
and 4x° —x* — 7x° + 3 + 12x - 5x —4, 3 and T Find the values of @, b and ¢

ST T e, o e : )
2  Fully factorise 4n° + 4n* - 15n 6 Find the function that, when divided by

3 Expand and simplify these expressions. (x+3), gives a quotient of (2x - 3) and a
remainder of -4
a (y-D+3)2y+5)
" 7 Use Pascal’s triangle to write the expansi
b (2z+1)(z—2) Use Pascal’s triangle to write the expansion

m
) ) Uf(l + ——]
4 Factorise these expressions. 10
\ Use your answer to evaluate the value of 1.1*
a mim+4)—-(m+4)y

b (d+1);-4(d+1)}d-1)

to 4 decimal places.

8 Use the binomial theorem to expand (25 — 4¢)*

H Polynomials and the binomial theorem Summary and review




10

1"

12
13

14
15
16
17
18

Use Pascal’s triangle to expand and simplify
these expressions.

a (1++/3) b (3-V5P-(3+5)F

Find the constant term in the binomial

14
expansion of | w——
2w

a (2-ax)’=512+2304x+ b+ + ...
Find the values of a, b, and ¢

b Useyour values of @, b, and ¢ to find
the first four terms in the expansion of
(1-x)(2 - ax)®

Divide 2x* — 3x* - 26x + 3 by (x + 3)

By successively evaluating f(1), f(-1),

f(2), f{—2) and so on, find all the factors of

X—4x*+x+6

Divide 8x° + 14x° — x + 35 by (2x + 5)

Divide ¥’ —2x*+ 3x+4 by (x—2)

Show that (2x — 3) is a factor of 4x* — 8 + x + 3
Factorise fully 2x’ + x* - 18x-9

Susan attempted to transform the graph of
y=f(x)into y=f(x-1)

3
4

1= fix)

=

Nt \”J \1:.'_ LAl
|

What next?

19

20
21

22

23

a Explain what mistake she has made.
b Sketch the graph of y=f(x-1)

Sketch these curves on the same set of axes.

1 4 1
a y=— b P c “::2-[-—
X X X

Sketch the graph of y = (x — 6)°

A particle moves along a straight line from
0, so that, at time ¢ s, itis s m from O, given
by the equation s = ¢(2t — 7)°

Sketch the graph and describe its motion fully.

A rectangular metal sheet, 16 in by 10 in, has
squares of side x in removed from its corners.

‘The edges are turned up to form an open box.

a Show that the volume of this box is
V=160x—-52x*+ 4x'in’

b Sketch a graph to evaluate the value of x

that gives the highest volume.

A particle moves along a straight line from
O, so that, at time f seconds, it is s metres
from O, given by the equation s = t{f - 4)°.
Sketch the graph and describe its motion.

2027, 2041-2043, 2258
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Exploration

Going beyond the exams

1| History

The binomial theorem i¢ a formula for finding any it to the binomial theorem wag given by an lranian

power of a two-term bracket without having to mathematician Al-Kargji in the Iith century.

multiply them all out. [t hag existed in varioug formg Around 1665, leaae Newton developed the

for centuries and special cages, for low powers, were  binomial theorem further by applying it to powerg

known in Ancient Creece, India and Pergia. other than pogitive whole numbere. He showed that
The triangular arrangement of the binomial a general formula worked with any rational value,

coefficiente ie known ag Pageal’s triangle. [t pogitive or negative.

took ite name from the 17th century mathematician Newton showed how the binomial theorem could

Blaise Pageal, who ctudied ite propertieg in great be uged to eimplify the calculation of roots and aleo

depth. Although the triangle ie named affer Pageal, it uced it in a caleulation of m, which he found to 6
had been known about much earlier. A proof linking  decimal places.

[
| ———
L l Pageal’s triangle i
‘; T |
f [ ’
| | 2 | F
: 1 f 35| i
r ; [ 4 6 4 | |
l | 5 10 10 5 | i

|'
1
e

Have a go “If  have seen further than

others, it is by standing on the
shoulders of giants.”
- [aaae Newton

I For emall values of x (| + X = + nx

Uge thie recult to ectimate the value of
a) (LO2H
b) (099
) (201P

Find thece values on a caleulator and compare — (2.015 can be wriften, in th
I your resulte. form 25| + 5 R

......

— e e T T




9
10

11
12

13

2  Assessment

Factorise 25" + 25* — 12¢° Choose the correct answer.

A (s+3)(s-2) B s(5+3)s-2) € 2(2+3)(s2=2) D 2¢(s+3)(s-2)

3(x+1)-1
Simplify ( - ) - Choose the correct answer.
2x-+x=3 x—1
A X+5 " 1 3x+2 1
(2x+3)(x-1) 2x+3 x—1 2x+1
a Simplify these expressions.
i (2x-3)(6x+1) i (2a-3b) i (5x+2y)(x*-3xy—y")
. ax +bx+c
b Given ﬁ = (3x—4), evaluate the values of the constants @ and c,
X+

and show thatb=10
1 B
Write down the binomial expansion of [1 +£x] in ascending powers of x, up to

and including the term in x°. Simplify the terms as much as possible.

a Factorise p’ —10p° +25p

b Deduce that (2x+5)* —10(2x+5)* +25(2x+5)= ax*(2x+5), where ais a
constant that should be stated.

Show that (x - 3) is not a factor of 2x* =5x* +6x—7

[1 mark]

(1]

[6]

[3]

(6]
[2]

[2]
(3]

Show how the binomial expansion can be used to work out each of these without a calculator.

a 268°-232°
b 469 x 548 + 469° — 469 x 17

65.1x29.2 +65.1%35.9-91.7%26.4 + 65.3 X 26.4
18.3° —18.3x 5.4

Given that (1+¢cx)" =1+21x+ Ax* + Bx’ +........,

a Workout i The value of ¢ ii The value of A iii The value of B

b Using your values of ¢, A and B, evaluate the coefficient of x* in the
expansion of (2+x)(1+cx)’

Express x” —3x” +5x+1 in the form (x—2)(x* +ax+b)+c

a Write down the expansionsof i (x+y)" il (x—y)*!

b Show that (v5++/2)" +(v/5-2)" = n, where n is an integer to be found. '

Write down the term which is independent of x in the expansion of ( x +% )

a Expand each of these in ascending powers of x up to and including the term in x*
i (1+2x)° i (2-x)°

b Hence write down the first three terms in the binomial expansion of (2+3x-2x")°

a Showthat(x—2)isafactorof2x’ +x*—7x—-6

_ _ ; 3
b Show that the equation 2x' + x* —7x~6 =0 has the solutions 2, 5 and -1

2]
[2]

[5]

[4]

2]
(3]
[4]
(4]
[3]




14 Given that both (x—1) and (x + 3) are factors of ax” +bx* —16x+15

a Evaluate the values ofaand b (6]
b Fully factorise ax’ +bx’ —16x+15 3]
¢ Sketch the graph of y=ax’+bx"—16x+15 [3]
d Solve the inequality ax* +bx* ~16x+1520 [2]
B
15 a Expand [x+l] , simplifying the terms. 171
X 8
b Hence write down the expansion of( x— —~] [1]
X
. 1 6 I'f ] 6 r )
¢ Prove that the equation [ X+ = hi\ x — — | =64 has precisely two real solutions. [5]
X X
16 Prove these results
a n.L]Cr = r|Cr+ ncr | {B]
b n+2 C3 o ncvs - nS lal
17 Here are five equations, labelled i - v, and five graphs, labelled A - E
e i 1 i L. Wi v et
Y=G-2r iy Y= Y="x+1y e
A i B X
64 54 '
4 441 I'
B ¢ 3
—— o o e T e | ) .
6 = 2 2 4 6 i
< 1
T4 ) T T T T T T e ¢
' 4 Y 3 g Bdiea 24
-()~|
C i D ¥
104 64 |
8 540 ]
O] 2
4 T T - T =X
f b 4 e U » I %
O e 3
-2 4 i -
E »
6.4 Four of the equations correspond to four of the graphs.
4 a Match the four equations to their graphs. [4]
2] b For the graph that has no equation, write down a
i 3 0l — l . {'1“ x possible equation. [1]
7 ¢ For the equation that has no graph, sketch
% its graph. [3]
6 -

Polynomials and the binomial theorem Assessment




