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D1 Understand and use the binomial expansion of (a + bx)
n
 for positive integer n; the notations n! and nCr; link to binomial 

probabilities 

 

The binomial expansion 
The binomial expansion can be used to multiply out a bracket, to a power.  Expanding (𝑥 + 𝑦)2 would 
be quite easy to do as you would just multiply out the brackets.  However if you were asked to expand 
(𝑥 + 𝑦)9 it would be a long and tedious process, and so the binomial expansion helps you to do this. 
 
To find the coefficients of the binomial expansion you can use Pascal’s Triangle: 
 

      1      
Row 1     1  1     
Row 2    1  2  1    
Row 3   1  3  3  1   
Row 4  1  4  6  4  1  
Row 5 1  5  10  10  5  1 

 

Method: 
 

 Use Pascal’s triangle to find the coefficients 

 The 1st term in the brackets starts with the power of 𝑛 and decreases to 0 

 The 2nd term in the brackets starts with the power of 0 and increases to 𝑛 
 
 
e.g. Expand (𝒂 + 𝒃)𝟒 
 
Row 4 of Pascal’s triangle gives the coefficients: 1 4 6 4 1 
1st term (𝒂) power decreases: 𝑎4 𝑎3 𝑎2 𝑎1 𝑎0 
2nd term (𝒃) power increases: 𝑏0 𝑏1 𝑏2 𝑏3 𝑏4 
 
Expansion becomes:     1𝑎4 + 4𝑎3𝑏 + 6𝑎2𝑏2 + 4𝑎𝑏3 + 1𝑏4 
 
Tidies up to: 𝒂𝟒 + 𝟒𝒂𝟑𝒃 + 𝟔𝒂𝟐𝒃𝟐 + 𝟒𝒂𝒃𝟑 + 𝒃𝟒  (you don’t really need the 1s) 
 
As a check that everything is correct, notice that the powers always add up to 4 (in each term). 
 
 
If the terms are negative and/or have coefficients, the process is exactly the same but you need to be 
careful and make sure that you apply the power to the whole term.  The safest way is to use brackets. 
 
e.g. Expand (𝟑𝒙 − 𝟐𝒚)𝟒 
 
Row 4 of Pascal’s triangle gives the coefficients: 1 4 6 4 1 
1st term (𝟑𝒙) power decreases: (3𝑥)4 (3𝑥)3 (3𝑥)2 (3𝑥)1 (3𝑥)0 
2nd term (−𝟐𝒚) power increases: (−2𝑦)0 (−2𝑦)1 (−2𝑦)2 (−2𝑦)3 (−2𝑦)4 
 
Expansion becomes:  1(3𝑥)4 + 4(3𝑥)3(−2𝑦) + 6(3𝑥)2(−2𝑦)2 + 4(3𝑥)(−2𝑦)3 + 1(−2𝑦)4 
 
Tidies up to:   𝟖𝟏𝒙𝟒 − 𝟐𝟏𝟔𝒙𝟑𝒚 + 𝟐𝟏𝟔𝒙𝟐𝒚𝟐 − 𝟗𝟔𝒙𝒚𝟑 + 𝟏𝟔𝒚𝟒  

Remember that 

anything to the 

power of zero is 1. 
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Finding the coefficients 
You can also calculate the binomial coefficients without using Pascal’s triangle.  Remember that n! (n 
factorial) means 𝑛 × (𝑛 − 1) × (𝑛 − 2) … . .× 1.  For example  4! = 4 × 3 × 2 × 1 = 24. 
 
You can calculate the coefficients using the following definition:  
 
 

   𝐶𝑛 𝑟 =
𝑛(𝑛−1)……(𝑛−𝑟+1)

1×2×3×……………..×𝑟
 

 
 
 
 

e.g.  𝑪𝟕 𝟐 =
𝟕×𝟔

𝟏×𝟐
=

𝟒𝟐

𝟐
= 𝟐𝟏 

 
e.g. for the expansion (𝟒 + 𝟑𝒙)𝟗 find the coefficient of 𝒙𝟒 

Think:  you are expanding to the power of 9 and looking for the coefficient of 𝑥4 so you will need 𝐶9 4  
 You are looking for the coefficient of 𝑥4 so you need the 2nd term to the power of 4, i.e. (3𝑥)4 
 The powers will always add to 9 so the other term must be to the power of 5, i.e. 45 
 

𝑥4 =  𝐶9 4 × 45 × (3𝑥)4 =
9×8×7×6

1×2×3×4
× 45 × 34𝑥4 = 𝟏𝟎𝟒𝟓𝟎𝟗𝟓𝟓𝒙𝟒 

 

The symmetry 
The binomial coefficients are symmetrical, i.e. 𝐶𝑛 𝑟 = 𝐶𝑛 𝑛−𝑟 this means you can choose to do whichever 

calculation looks easier (e.g. 𝐶7 5 is the same as 𝐶7 2) 

 

e.g.  𝑪𝟕 𝟓 =
𝟕×𝟔×𝟓×𝟒×𝟑

𝟏×𝟐×𝟑×𝟒×𝟓
=

𝟒𝟐

𝟐
= 𝟐𝟏  (Remember previous e.g.: 𝐶7 2 =

7×6

1×2
=

42

2
= 21 ) 

 
You can see that both ways give the same answer but with 𝐶7 5 there are more calculations (and some 

cancelling) to do before reaching the answer.  So if you needed to find 𝐶7 5 you could find 𝐶7 2 instead. 
 

Binomial probabilities 
A binomial experiment consists of repeated trials (e.g. tossing a coin) where there are 2 outcomes (e.g. 
heads or tails) classed as a success or a failure.  The combination 𝐶𝑛

𝑟 is used in calculating probabilities. 
 

Probability of 𝑋 successes: 𝑷(𝑿) = 𝑪𝒏 𝒙𝒑𝒙𝒒𝒏−𝒙 
 
e.g. if you throw a die 8 times what is the probability of 
throwing three 6s? 
 
𝑛 = 8 
𝑥 = 3 (we want 3 6s) 

𝑝 =
1

6
 (probability of throwing a 6) 

𝑞 =
5

6
 (probability of NOT throwing a 6)  𝑃(3 6𝑠) = 𝐶8 3 (

1

6
)

3

(
5

6
)

5

= 0.104 

Where: 𝑛 = number of trials 
 𝑥 = number of successes 
 𝑝 = probability of success 

𝑞 = probability of failure (i.e. (1 − 𝑝) 

The power you are expanding to. 

The power of the coefficient you 

are looking for. 

Stop at the difference between 𝑛 and 𝑟 + 1. 

7 − 2 = 5, so stop at 6 


