
 Apply sequences and series in solving problems  1

© ESA Publications (NZ) Ltd, Freephone 0800-372 266

Apply sequences and series in solving problems
Internally assessed  2 credits

Practice assessment task
1. In 2001, country A had a population of 4.63 million workers, and an average annual income of NZ$20 000 per 

person. The population of workers was increasing by 3% per year, and the average annual income was increasing 
by NZ$1 000 per year.

 In 2001, country B had a population of 5.1 million workers and the average income in country B was NZ$24 000 
per person per year. The population of workers was increasing by 2.5% per year, and the average income was 
increasing by $500 per year.

a. For each country in 2005 calculate:

i. the population of workers

ii. the average annual income per year (in NZ $).

iii. the total annual income of all people in the country.

b. In which year was the total annual income of all people in country A larger than the total annual income of all 
people in country B for the first time?

c. A worker aged 25 was planning to immigrate permanently to country A or B, beginning work in 2001. What 
advice would you have given him, based on the wages he would earn? Explain your reasoning.
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2. Jake and Alison inherit some money from their eccentric aunt.

 Jake is to be paid in 18 instalments with each instalment $100 more than the previous one. The first instalment is 
$1 150.

 Alison inherits the same amount of money as Jake. She will also be paid in 18 instalments, but has a choice of two 
methods of payment:

• Method 1: each instalment is $100 less than the previous one.

• Method 2: each instalment after the first is 10% less than the previous one, except for the final payment 
which is $796.11.

a. Calculate

i. Jake’s 8th instalment

ii. the total value of Jake’s inheritance after receiving 18 instalments.

b. Find a formula for 

i. Jake’s nth instalment

ii. the amount Jake has received after n instalments.

c. Investigate the two instalment methods Alice could choose.

 After the first few instalments Jake notices that Alison is getting more than him each time and wonders how long 
this will go on for.

d. How long does it take for Alison’s instalments to fall below Jake’s?

e. How long is it before the sum of Alison’s instalments is less than double the sum of Jake’s instalments?
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ANSWERS
1. a. Country A:

  i. 5.21 million workers

  ii. NZ$24 000

  iii. NZ$125 040 million

  Country B:

  i. 5.63 million workers

  ii. NZ$26 000

  iii. NZ$146 380 million

 Answers will vary, a suggested 
solution follows. 

b. In the nth year after 2000 in 
country A:

• There are 4.63 × 1.03n – 1 

million workers

• The average annual wage is 
20 000 + (n – 1) × 1 000 
= 1000n + 19 000 NZ 
dollars

• The total annual income is 
(4.63 × 1.03n – 1) 
× (1000n + 19 000) million 
NZ dollars

  In the nth year after 2000 in 
country B:

• There are 5.1 × 1.025n – 1 

million workers

• The average annual wage is 
24 000 + (n – 1) × 500 
= 500n + 23 500 NZ dollars

• The total annual income is 
(5.1 × 1.025n – 1) 
× (500n + 23 500) million 
NZ dollars

 Solving (4.63 × 1.03n – 1) × 
(1000n + 19 000) 
=  (5.1 × 1.025n – 1) 

× (500n + 23 500) gives:

 n = 11.68 (2 dp) with both 
countries having a total 
annual income 

 = NZ$194 809 million (6 sf).

 So in 2012 the total annual 
income of people in country 
A overtook the total annual 

income of people in country 
B.

c. Average annual incomes in 
the two countries equalise 
when 1000n + 19 000 
= 500n + 23 500 giving 
n = 9, so from 2010 
onwards a worker in country 
A would earn a higher 
average annual income than 
a worker in country B.

 However, the average total 
income earned by a worker 
in country A over n years 
(from 2001) is:

 
n
2

(2 × 20 000 + (n – 1)

 × 1 000)

 = n(19 500 + 500n) dollars

 The total income earned by 
a worker in country B over n 
years (from 2001) is:

 
n
2

(2 × 24 000 + (n – 1) 

 × 500) 

 = n(23 750 + 250n) dollars

 Equating these two average 
sums of income (since 2001) 
gives n = 17, so by the end 
of 2017 both workers would 
have earned a total income 
of $476 000.

 So from 2018 onwards, a 
worker in country A will 
have a greater average total 
income earned since 2001.

 Since the worker is only 
25 years old, he would be 
advised to move to country 
A, on the basis of wages.

 However this is only an 
average figure, and other 
factors can alter wages 
significantly, so it is hard to 
make a prediction with any 
accuracy this far ahead into 
the future.

 Note: A spreadsheet could 
be used in the solution of 
this problem.

2. Answers will vary, a suggested 
solution follows.

 a. i. $1 850

  ii. $36 000

 b. i. Jake’s nth instalment is 
1 150 + (n – 1) × 100
= 1050 + 100n

  ii. After n instalments Jake 
has received:

   
n
2

(2 300 + (n – 1) × 100)

   = n(1100 + 50n) dollars

c. Alison’s instalments – 
Method 1:

 Instalments are arithmetic, 
unknown first instalment a, 
d = –100, n = 18 and 
S18 = 36 000.

  Solving

 36 000 =  9(2a + 17 
× –100)

 gives a = $2 850 
(alternatively, Alison’s first 
payment equals Jake’s final 
payment of  
1150 + 17 × 100  
= $2 850).

 Alison’s nth instalment is 
2 850 + (n – 1) × –100 
= 2 950 – 100

 After n instalments Alison 
has received

 
n
2

(5 700 + (n – 1) × –100)

  = n(2 900 – 50n) dollars

 Alison’s instalments –
Method 2:

 Instalments are geometric 
with unknown first 
instalment a, and r = 0.9.

 Require S17 to be 

 $36 000 – 796.11  
= $35 203.89.
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 Solving 
a( . )

.
1 0 9
1 0 9

17−
−

 = 35 203.89

 gives a = $4 225 as the first 
payment.

 Alison’s nth instalment 
(where n ≤ 17) is 
4 225 × 0.9n – 1

 After n instalments 
(where n ≤ 17) Alison has 
received:

 Sn = 
4 225 1 0 9

1 0 9
( . )

.
−

−

n

dollars

d. Analysis of instalments

 If Alison uses method 1 then 
the instalments are equal 
when 1050 + 100n 
= 2 950 – 100n

 This gives n = 9.5 so by the 
10th instalment Jake receives 
larger instalments than 
Alison.

 If Alison uses method 2 then 
the instalments are equal 
when 4 225 × 0.9n – 1 
= 1050 + 100n

 This gives n = 8.6 so by the 
9th instalment Jake receives 
larger instalments than 
Alison.

 (Alternatively use 
spreadsheet as shown 
below.)

e.  Analysis of cumulative 
instalments

 If Alison uses method 1 then 
she will have received twice 
as much as Jake when

 n(2900 – 50n) 
= 2n(1100 + 50n), which 
gives n = 4.67.

 For Jake S5 = $6 750 and for 
Alison S5 = $13 250 
(less than double)

 If Alison uses method 2 then 
she will have received twice 
as much as Jake when

 
4 225 1 0 9

1 0 9
( . )

.
−

−

n

 = 2n(1100 + 50n),

 which gives n = 8.03.

 For Jake S9 = $13 950 and 
for Alison S9 = 25 881.48 
(less than double)

 Alison will have received less 
than twice as much as Jake 
after the 5th instalment with 
method 1 or after the 9th 
instalment with method 2.

Some spreadsheet figures are shown, all figures in dollars.

Instalment

number

n

Jake’s 
instalments

Cumulative

instalments

Sn

Alison’s 
instalments 
Method 1

Cumulative

instalments

Sn

Alison 
instalment 
Method 2

Cumulative

instalments

Sn

1 1150 1150 2850 2850 4225.00 4225.00
2 1250 2400 2750 5600 3802.50 8027.50
3 1350 3750 2650 8250 3422.25 11449.75
4 1450 5200 2550 10800 3080.03 14529.78
5 1550 6750 2450 13250 2772.02 17301.80
6 1650 8400 2350 15600 2494.82 19796.62
7 1750 10150 2250 17850 2245.34 22041.96
8 1850 12000 2150 20000 2020.80 24062.76
9 1950 13950 2050 22050 1818.72 25881.48

10 2050 16000 1950 24000 1636.85 27518.34
11 2150 18150 1850 25850 1473.17 28991.50
12 2250 20400 1750 27600 1325.85 30317.35
13 2350 22750 1650 29250 1193.26 31510.62
14 2450 25200 1550 30800 1073.94 32584.56
15 2550 27750 1450 32250 966.54 33551.10
16 2650 30400 1350 33600 869.89 34420.99
17 2750 33150 1250 34850 782.90 35203.89
18 2850 36000 1150 36000 796.11 36000.00


