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4.1) Expanding 1 + 𝑥 ௡

4.2) Expanding 𝑎 + 𝑏𝑥 ௡

4.3) Using partial fractions
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Worked Example
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Find the binomial expansion of:
1 − 2𝑥 ହ



4.1) Expanding 𝟏 + 𝒙 𝒏

The difference between this and the expansion of (𝑎 + 𝑏)௡ is
1. The exponent 𝑛 does not need to be a positive integer (𝑛 ∈ ℤା or 𝑛 ∈ ℕ )
2. 𝑥 is restricted to :       −1 < 𝑥 < 1 or 𝑥 < 1

Therefore, the expansion above is valid for:

Any real exponent 𝒏, 𝒏 ∈ ℝ (negatives and fractions)

But restricted to the domain 𝒙 < 𝟏
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 1 + 𝑥 ௡ = 1 + 𝑛𝑥 +
௡ ௡ିଵ

ଶ!
𝑥ଶ +

௡ ௡ିଵ ௡ିଶ

ଷ!
𝑥ଷ + ⋯ + 𝑛𝐶𝑟 𝑥௡
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State when the binomial expansion is valid:

1

1 + 2𝑥

1

1 − 3𝑥 ସ

1 + 5𝑥
ଷ
ଶ

1

1 +
𝑥
7



Worked Example – K583a
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Hints:
1. Write in the form (1 + … )௡

2. First four terms means from constant to 
𝑥ଷ terms 

3. Use calculator carefully (put negatives in 
brackets) 

4. State the domain using  [… ] < 1and 
rearrange to 𝑥 < ⋯



Worked Example
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State when the binomial expansion is valid:

2 − 𝑥

1 + 3𝑥

5 + 𝑥

1 − 2𝑥 ସ

1 + 5𝑥
ଷ
ଶ 1 −

𝑥

4

T.96: 4A Qs 1-3, P.29: 4.1 Qs 1,2



Worked Example
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By substituting 𝑥 = 0.04 into the binomial expansion for 1 − 4𝑥, find a decimal 
approximation to 21 to 5 decimal places



Worked Example
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Find the series expansion, in ascending powers of 𝑥, up to and including the 𝑥ଷ term, of 
1 + 7𝑥.   Find the percentage error in using 𝑥 = 0.01 in this series expansion to estimate 
107



Worked Example
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Find the 𝑥ଶ term in the series expansion of:
5 − 𝑥

1 − 3𝑥



Worked Example
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Find the first three terms in the series expansion of:

1 + 2𝑥

1 − 3𝑥



Worked Example
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Find the series expansion, in ascending powers of 𝑥, up to and including the 𝑥ଶ term for:
6

1 − 3𝑥
−

4

1 − 2𝑥



Worked Example
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In the expansion of 1 + 𝑘𝑥 ିଷ the coefficient of 𝑥ଶ is 4 and 𝑘 > 0. Find 𝑘

T.96: 4A Q 6,9, P.29: 4.1 Q 5,9



2020 P1 Q1
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4.2) Expanding 𝒂 + 𝒃𝒙 𝒏

By factorisation:

(𝑎 + 𝑏𝑥)௡≡   (𝑎)௡ 1 +
𝑏

𝑎
𝑥

௡

And valid when 𝑥 <
௔

௕
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 1 + 𝑥 ௡ = 1 + 𝑛𝑥 +
௡ ௡ିଵ

ଶ!
𝑥ଶ +

௡ ௡ିଵ ௡ିଶ

ଷ!
𝑥ଷ + ⋯ + 𝑛𝐶𝑟 𝑥௡



Quick Fire 1st step
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What would be the first step in finding the Binomial expansion of each of these?

𝒙 < ⋯𝒃

𝒂
𝒙 < 𝟏𝒂𝒏 𝟏 +

𝒃

𝒂
𝒙

𝒏𝒂 + 𝒃𝒙 𝒏

2 + 𝑥 ିଷ 

9 + 2𝑥
ଵ
ଶ 

8 − 𝑥
ଵ
ଷ 

5 − 2𝑥 ିଷ

16 + 3𝑥 ି
ଵ
ଶ 



Notes
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Worked Example
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Find first four terms in the binomial expansion of 2 + 𝑥

State the values of 𝑥 for which the expansion is valid.



Worked Example K583b

Page 39
T.99: 4B Qs1-4, P.30: 4.2 Q1-3



Worked Example
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Find first three terms in ascending powers of 𝑥 of the series expansion of ଷ௫ାସ

ଶିହ௫

State the values of 𝑥 for which the expansion is valid.



Worked Example
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Find the series expansion, in ascending powers of 𝑥, up to and including the 𝑥ଶ term for:
6

2 − 3𝑥
−

4

5 + 2𝑥

T.99: 4B Qs 5,6,8, P.30: 4.2 Qs5,7



Worked Example
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Use the binomial expansion of 8 + 9𝑥 up to the 𝑥ଶ term to estimate 11, giving your 
answer as a single fraction



Worked Example
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Find the percentage error in approximating 53 using 𝑥 =
ଵ

ଽ
in the series expansion of 

6 − 𝑥 up to and including the 𝑥ଶ term.

T.99: 4B Q 7, P.30: 4.2 Qs6,8



2022 P2 Q7
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4.3) Using partial fractions
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 1 + 𝑥 ௡ = 1 + 𝑛𝑥 +
௡ ௡ିଵ

ଶ!
𝑥ଶ +

௡ ௡ିଵ ௡ିଶ

ଷ!
𝑥ଷ + ⋯ + 𝑛𝐶𝑟 𝑥௡



Worked Example
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Find the cubic approximation of
4 + 5𝑥

1 − 𝑥 2 + 𝑥
and state the range of values of 𝑥 for which the expansion is valid

T.102: 4C Qs 1,2, P.31: 4.3 Qs 1,2



Worked Example
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Find the quadratic approximation of
2𝑥ଶ − 5𝑥 − 10

𝑥ଶ − 𝑥 − 2

T.102: 4C Qs 3-6, P.31: 4.3 Qs 3-6



Worked Example
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Find the quadratic approximation of
40𝑥ଶ − 37𝑥 + 9

4𝑥 − 1 ଶ(𝑥 + 2)

T.102: 4C Qs 7+, P.31: 4.3 Qs 7+



2021 P1 Q9
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Your Turn
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Extract from Formulae book
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Past Paper Questions
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Past paper practice by 
topic.  Both new and old 
specification can be 
found via this link on 
hgsmaths.com 



Summary of Key Points

Page 66 T.104: mixed ex, P.33: BSG


