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5. In this question you should show all stages of your working.

 Solutions relying entirely on calculator technology are not acceptable.

� $�FRPSDQ\�PDGH�D�SURILW�RI���������LQ�LWV�ILUVW�\HDU�RI�WUDGLQJ��<HDU��

� $�PRGHO�IRU�IXWXUH�WUDGLQJ�SUHGLFWV�WKDW�WKH�\HDUO\�SURILW�ZLOO�LQFUHDVH�E\����HDFK�\HDU��
VR�WKDW�WKH�\HDUO\�SURILWV�ZLOO�IRUP�D�JHRPHWULF�VHTXHQFH�

� $FFRUGLQJ�WR�WKH�PRGHO�

� �D�� VKRZ�WKDW�WKH�SURILW�IRU�<HDU���ZLOO�EH��������
(1)

� �E�� ILQG�WKH�ILUVW�\HDU�ZKHQ�WKH�\HDUO\�SURILW�ZLOO�H[FHHG��������
(3)

� �F�� ILQG�WKH�WRWDO�SURILW�IRU�WKH�ILUVW����\HDUV�RI�WUDGLQJ��JLYLQJ�\RXU�DQVZHU�WR�WKH�
QHDUHVW������

(2)
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12. The value, £V, of a vintage car t years after it was first valued on 1st January 2001, is 
modelled by the equation

V = Apt    where A and p are constants

 Given that the value of the car was £32 000 on 1st January 2005 and £50 000 on 1st January 2012

 (a) (i) find p to 4 decimal places,

  (ii) show that A is approximately 24 800
(4)

 (b) With reference to the model, interpret

  (i) the value of the constant A, 

  (ii) the value of the constant p. 
(2)

 Using the model,

 (c) find the year during which the value of the car first exceeds £100 000
(4)
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��� ,Q�D�VLPSOH�PRGHO��WKH�YDOXH���V��RI�D�FDU�GHSHQGV�RQ�LWV�DJH��t��LQ�\HDUV�

� 7KH�IROORZLQJ�LQIRUPDWLRQ�LV�DYDLODEOH�IRU�FDU�A

� � Ɣ� LWV�YDOXH�ZKHQ�QHZ�LV��������
� � Ɣ� LWV�YDOXH�DIWHU�RQH�\HDU�LV��������

� �D�� 8VH�DQ�H[SRQHQWLDO�PRGHO�WR�IRUP��IRU�FDU�A��D�SRVVLEOH�HTXDWLRQ�OLQNLQJ�V�ZLWK�t�
���

� 7KH�YDOXH�RI�FDU�A�LV�PRQLWRUHG�RYHU�D����\HDU�SHULRG�
� ,WV�YDOXH�DIWHU����\HDUV�LV��������

� �E��(YDOXDWH�WKH�UHOLDELOLW\�RI�\RXU�PRGHO�LQ�OLJKW�RI�WKLV�LQIRUPDWLRQ��
���

� 7KH�IROORZLQJ�LQIRUPDWLRQ�LV�DYDLODEOH�IRU�FDU�B�

� � Ɣ� LW�KDV�WKH�VDPH�YDOXH��ZKHQ�QHZ��DV�FDU�A
� � Ɣ� LWV�YDOXH�GHSUHFLDWHV�PRUH�VORZO\�WKDQ�WKDW�RI�FDU�A

� �F�� ([SODLQ�KRZ�\RX�ZRXOG�DGDSW�WKH�HTXDWLRQ�IRXQG�LQ��D��VR�WKDW�LW�FRXOG�EH�XVHG�WR�
PRGHO�WKH�YDOXH�RI�FDU�B�

���
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����$�FRPSHWLWRU�LV�UXQQLQJ�D����NLORPHWUH�UDFH�

� 6KH�UXQV�HDFK�RI�WKH�ILUVW���NLORPHWUHV�DW�D�VWHDG\�SDFH�RI���PLQXWHV�SHU�NLORPHWUH��
$IWHU�WKH�ILUVW���NLORPHWUHV��VKH�EHJLQV�WR�VORZ�GRZQ�

� ,Q�RUGHU�WR�HVWLPDWH�KHU�ILQLVKLQJ�WLPH��WKH�WLPH�WKDW�VKH�ZLOO�WDNH�WR�FRPSOHWH�HDFK�VXEVHTXHQW�
NLORPHWUH�LV�PRGHOOHG�WR�EH����JUHDWHU�WKDQ�WKH�WLPH�WKDW�VKH�WRRN�WR�FRPSOHWH�WKH�SUHYLRXV�
NLORPHWUH�

� 8VLQJ�WKH�PRGHO�

� �D�� VKRZ�WKDW�KHU�WLPH�WR�UXQ�WKH�ILUVW���NLORPHWUHV�LV�HVWLPDWHG�WR�EH����PLQXWHV����VHFRQGV�
���

� �E�� VKRZ�WKDW�KHU�HVWLPDWHG�WLPH��LQ�PLQXWHV��WR�UXQ�WKH�U WK�NLORPHWUH��IRU���-�U�-�����LV

��q�����U�±��

���

� �F�� HVWLPDWH�WKH�WRWDO�WLPH��LQ�PLQXWHV�DQG�VHFRQGV��WKDW�VKH�ZLOO�WDNH�WR�FRPSOHWH�WKH�UDFH�
���
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BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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5. A car has six forward gears. 

 The fastest speed of the car  
  Ɣ� LQ��st gear is 28 km h±�

  Ɣ� LQ��th�JHDU�LV�����NP�K±�

 Given that the fastest speed of the car in successive gears is modelled by an 
arithmetic sequence, 

 (a) find the fastest speed of the car in 3rd gear.
(3)

 Given that the fastest speed of the car in successive gears is modelled by a 
geometric sequence, 

 (b) find the fastest speed of the car in 5th gear.  
(3)
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9. In the first month after opening, a mobile phone shop sold 300 phones.  A model for future 
sales assumes that the number of phones sold will increase by 5% per month, so that  
300 × 1.05 will be sold in the second month, 300 × 1.052 in the third month, and so on.

 Using this model, calculate

 (a) the number of phones sold in the 24th month,
(2)

 (b) the total number of phones sold over the whole 24 months.
(2)

 This model predicts that, in the Nth month, the number of phones sold in that month 
exceeds 3000 for the first time.

 (c) Find the value of N.
(3)
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12. A business is expected to have a yearly profit of £275 000 for the year 2016.  The profit is 
expected to increase by 10% per year, so that the expected yearly profits form a geometric 
sequence with common ratio 1.1

 (a) Show that the difference between the expected profit for the year 2020 and the expected 
profit for the year 2021 is £40 300 to the nearest hundred pounds.

(3)

 (b) Find the first year for which the expected yearly profit is more than one million pounds.
(4)

 (c) Find the total expected profits for the years 2016 to 2026 inclusive, giving your answer 
to the nearest hundred pounds.

(3)
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8. A 25-year programme for building new houses began in Core Town in the 

year 1986 and finished in the year 2010. 

 The number of houses built each year form an arithmetic sequence.  Given that 

238 houses were built in the year 2000 and 108 were built in the year 2010, 

find

 (a) the number of houses built in 1986, the first year of the building 

programme,

(5)

 (b) the total number of houses built in the 25 years of the programme.

(2)
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9. The resident population of a city is 130 000 at the end of Year 1

 A model predicts that the resident population of the city will increase by 2% 
each year, with the populations at the end of each year forming a geometric 
sequence.

 (a) Show that the predicted resident population at the end of Year 2 is 132 600
(1)

 (b) Write down the value of the common ratio of the geometric sequence.
(1)

 The model predicts that Year N will be the first year which will end with the 
resident population of the city exceeding 260 000

 (c) Show that 

N �
log

log .
10

10

2
1 02

1+

(4)

 (d) Find the value of N.
(1)
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14. A geometric series has a first term a and a common ratio r.

 (a) Prove that the sum of the first n terms of this series is given by

S a r
rn

n

= −
−

( )1
1

(4)
 A liquid is to be stored in a barrel.

 Due to evaporation, the volume of the liquid in a barrel at the end of a year is 7% less than 
the volume at the start of the year.

 At the start of the first year, a barrel is filled with 180 litres of the liquid.

 (b) Show that the amount of the liquid in this barrel at the end of 5 years is approximately 
125.2 litres.

(2)

 At the start of each year a new identical barrel is filled with 180 litres of the liquid so that, 
at the end of 20 years, there are 20 barrels containing varying amounts of the liquid.

 (c) Calculate the total amount of the liquid, to the nearest litre, in the 20 barrels at the end 
of 20 years.

(3)
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���� :KHDW�LV�WR�EH�JURZQ�RQ�D�IDUP�

� $�PRGHO�SUHGLFWV�WKDW�WKH�PDVV�RI�ZKHDW�KDUYHVWHG�RQ�WKH�IDUP�ZLOO�LQFUHDVH�E\������
SHU�\HDU��VR�WKDW�WKH�PDVV�RI�ZKHDW�KDUYHVWHG�HDFK�\HDU�IRUPV�D�JHRPHWULF�VHTXHQFH�

� *LYHQ�WKDW�WKH�PDVV�RI�ZKHDW�KDUYHVWHG�GXULQJ�\HDU�RQH�LV������WRQQHV�

� �D�� VKRZ�WKDW��DFFRUGLQJ�WR�WKH�PRGHO��WKH�PDVV�RI�ZKHDW�KDUYHVWHG�RQ�WKH�IDUP�GXULQJ�
\HDU���ZLOO�EH�DSSUR[LPDWHO\������WRQQHV�

���

�� 'XULQJ�\HDU�N��DFFRUGLQJ�WR�WKH�PRGHO��WKHUH�LV�SUHGLFWHG�WR�EH�PRUH�WKDQ������WRQQHV�
RI�ZKHDW�KDUYHVWHG�RQ�WKH�IDUP�

� �E�� )LQG�WKH�VPDOOHVW�SRVVLEOH�YDOXH�RI�N�
���

� ,W�FRVWV����SHU�WRQQH�WR�KDUYHVW�WKH�ZKHDW�

� �F�� $VVXPLQJ�WKH�PRGHO��ILQG�WKH�WRWDO�DPRXQW�WKDW�LW�ZRXOG�FRVW�WR�KDUYHVW�WKH�ZKHDW�
IURP�\HDU�RQH�WR�\HDU����LQFOXVLYH���*LYH�\RXU�DQVZHU�WR�WKH�QHDUHVW�������

���
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��� (DFK�\HDU�/LQ�SD\V�LQWR�D�VDYLQJV�VFKHPH���,Q�\HDU���VKH�SD\V�LQ������
� +HU�SD\PHQWV�WKHQ�LQFUHDVH�E\�����D�\HDU��VR�WKDW�VKH�SD\V������LQWR�WKH�VDYLQJV�VFKHPH�

LQ�\HDU���������LQ�\HDU���DQG�VR�RQ���,Q�\HDU�N��/LQ�SD\V�������LQWR�WKH�VDYLQJV�VFKHPH�

� �D�� )LQG�WKH�YDOXH�RI�N�
���

� �E�� )LQG�WKH�WRWDO�DPRXQW�WKDW�/LQ�SD\V�LQWR�WKH�VDYLQJV�VFKHPH�IURP�\HDU���WR�\HDU����
LQFOXVLYH�

���

� 6DLPD�VWDUWV�SD\LQJ�LQWR�D�GLIIHUHQW�VDYLQJV�VFKHPH�DW�WKH�VDPH�WLPH�DV�/LQ�VWDUWV�SD\LQJ�
LQWR�KHU�VDYLQJV�VFKHPH�

� ,Q�\HDU���VKH�SD\V�LQ��A���+HU�SD\PHQWV�LQFUHDVH�E\��A�HDFK�\HDU�VR�WKDW�VKH�SD\V���A�LQ�
\HDU������A�LQ�\HDU���DQG�VR�RQ�

� *LYHQ�WKDW�6DLPD�DQG�/LQ�KDYH�HDFK�SDLG��LQ�WRWDO��WKH�VDPH�DPRXQW�RI�PRQH\�LQWR�WKHLU�
VDYLQJV�VFKHPHV�DIWHU����\HDUV�

� �F�� ILQG�WKH�YDOXH�RI�A�
���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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���� $�QHZ�PLQHUDO�KDV�EHHQ�GLVFRYHUHG�DQG�LV�JRLQJ�WR�EH�PLQHG�RYHU�D�QXPEHU�RI�\HDUV�

� $�PRGHO�SUHGLFWV�WKDW�WKH�PDVV�RI�WKH�PLQHUDO�PLQHG�HDFK�\HDU�ZLOO�GHFUHDVH�E\�����SHU�
\HDU��VR�WKDW�WKH�PDVV�RI�WKH�PLQHUDO�PLQHG�HDFK�\HDU�IRUPV�D�JHRPHWULF�VHTXHQFH�

� *LYHQ�WKDW�WKH�PDVV�RI�WKH�PLQHUDO�PLQHG�GXULQJ�\HDU���LV������WRQQHV�

� �D�� VKRZ�WKDW��DFFRUGLQJ�WR�WKH�PRGHO��WKH�PDVV�RI�WKH�PLQHUDO�PLQHG�GXULQJ�\HDU���ZLOO�
EH�DSSUR[LPDWHO\������WRQQHV�

���

� $FFRUGLQJ�WR�WKH�PRGHO��WKHUH�LV�D�OLPLW�WR�WKH�WRWDO�PDVV�RI�WKH�PLQHUDO�WKDW�FDQ�EH�PLQHG�

� �E�� :LWK�UHIHUHQFH�WR�WKH�JHRPHWULF�VHULHV��VWDWH�ZK\�WKLV�OLPLW�H[LVWV�
���

� �F�� &DOFXODWH�WKH�YDOXH�RI�WKLV�OLPLW�
���

� ,W�LV�GHFLGHG�WKDW�D�WRWDO�PDVV�RI��������WRQQHV�RI�WKH�PLQHUDO�LV�UHTXLUHG���7KLV�LV�JRLQJ�WR�
EH�PLQHG�IURP�\HDU���WR�\HDU�N�LQFOXVLYH�

� �G�� $VVXPLQJ�WKH�PRGHO��ILQG�WKH�YDOXH�RI�N�
���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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3. A company predicts a yearly profit of £120 000 in the year 2013. The company predicts 
that the yearly profit will rise each year by 5%. The predicted yearly profit forms a 
geometric sequence with common ratio 1.05

 (a) Show that the predicted profit in the year 2016 is £138 915
(1)

 (b) Find the first year in which the yearly predicted profit exceeds £200 000
(5)

 (c) Find the total predicted profit for the years 2013 to 2023 inclusive, giving your answer 
to the nearest pound.

(3)
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