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10. The time, T seconds, that a pendulum takes to complete one swing is modelled by the formula

T = al b

 where l metres is the length of the pendulum and a and b are constants.

 (a) Show that this relationship can be written in the form

log10 T = b log10 l + log10 a
(2)

       (– 0.7, 0)

(0.21, 0.45)

O

log10 T

log10 l

Figure 3

 A student carried out an experiment to find the values of the constants a and b.

 The student recorded the value of T for different values of l.

 Figure 3 shows the linear relationship between log10 l and log10 T for the student’s data.
  The straight line passes through the points (– 0.7, 0) and (0.21, 0.45)

 Using this information,

 (b) find a complete equation for the model in the form

T = al b

  giving the value of a and the value of b, each to 3 significant figures.
(3)

 (c) With reference to the model, interpret the value of the constant a.
(1)
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8.� $�VFLHQWLVW�LV�VWXG\LQJ�WKH�JURZWK�RI�WZR�GLIIHUHQW�SRSXODWLRQV�RI�EDFWHULD�

� 7KH�QXPEHU�RI�EDFWHULD��N, in the first�SRSXODWLRQ�LV�PRGHOOHG�E\�WKH�HTXDWLRQ

N = Aekt   t . 0

� ZKHUH�A and k�DUH�SRVLWLYH�FRQVWDQWV�DQG�t�LV�WKH�WLPH�LQ�KRXUV�IURP�WKH�VWDUW�RI�WKH�VWXG\�

 Given that
• WKHUH�ZHUH������EDFWHULD�LQ�WKLV�SRSXODWLRQ�DW�WKH�VWDUW�RI�WKH�VWXG\
• LW�WRRN�H[DFWO\���KRXUV�IURP�WKH�VWDUW�RI�WKH�VWXG\�IRU�WKLV�SRSXODWLRQ�WR�GRXEOH

� �D�� ILQG�D�FRPSOHWH�HTXDWLRQ�IRU�WKH�PRGHO�
(4)

� �E��+HQFH�ILQG�WKH�UDWH�RI�LQFUHDVH�LQ�WKH�QXPEHU�RI�EDFWHULD�LQ�WKLV�SRSXODWLRQ�H[DFWO\�
��KRXUV�IURP�WKH�VWDUW�RI�WKH�VWXG\��*LYH�\RXU�DQVZHU�WR���VLJQLILFDQW�ILJXUHV�

(2)

� 7KH�QXPEHU�RI�EDFWHULD��M, in the second�SRSXODWLRQ�LV�PRGHOOHG�E\�WKH�HTXDWLRQ

M = 500e���kt   t . 0

� ZKHUH�k�KDV�WKH�YDOXH�IRXQG�LQ�SDUW��D��DQG�t�LV�WKH�WLPH�LQ�KRXUV�IURP�WKH�VWDUW�RI�WKH�VWXG\�

 Given that T�KRXUV�DIWHU�WKH�VWDUW�RI�WKH�VWXG\��WKH�QXPEHU�RI�EDFWHULD�LQ�WKH�WZR�GLIIHUHQW�
SRSXODWLRQV�ZDV�WKH�VDPH�

� �F�� ILQG�WKH�YDOXH�RI�T.
(3)
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��� $�UHVHDUFK�HQJLQHHU�LV�WHVWLQJ�WKH�HIIHFWLYHQHVV�RI�WKH�EUDNLQJ�V\VWHP�RI�D�FDU�ZKHQ�LW�LV�
GULYHQ�LQ�ZHW�FRQGLWLRQV�

� 7KH�HQJLQHHU�PHDVXUHV�DQG�UHFRUGV�WKH�EUDNLQJ�GLVWDQFH��d�PHWUHV��ZKHQ�WKH�EUDNHV�DUH�
DSSOLHG�IURP�D�VSHHG�RI��V�NP�Kí���

� *UDSKV�RI�d�DJDLQVW�V�DQG��ORJ���d��DJDLQVW��ORJ���V��ZHUH�SORWWHG��

� 7KH�UHVXOWV�DUH�VKRZQ�EHORZ�WRJHWKHU�ZLWK�D�GDWD�SRLQW�IURP�HDFK�JUDSK�

�

d

��������

O V �

O

ORJ���d

����í�����

ORJ���V

� )LJXUH��� )LJXUH��

� �D�� ([SODLQ�KRZ�)LJXUH���ZRXOG�OHDG�WKH�HQJLQHHU�WR�EHOLHYH�WKDW�WKH�EUDNLQJ�GLVWDQFH�
VKRXOG�EH�PRGHOOHG�E\�WKH�IRUPXOD�

d� �kV�n� � � � ZKHUH�k�DQG�n�DUH�FRQVWDQWV�

� � ZLWK��k�|������
���

� 8VLQJ�WKH�LQIRUPDWLRQ�JLYHQ�LQ�)LJXUH����ZLWK��k� ������

� �E�� ILQG�D�FRPSOHWH�HTXDWLRQ�IRU�WKH�PRGHO�JLYLQJ�WKH�YDOXH�RI�n�WR���VLJQLILFDQW�ILJXUHV�
���

� 6HDQ�LV�GULYLQJ�WKLV�FDU�DW����NP�Kí��LQ�ZHW�FRQGLWLRQV�ZKHQ�KH�QRWLFHV�D�ODUJH�SXGGOH�LQ�
WKH�URDG�����P�DKHDG���,W�WDNHV�KLP�����VHFRQGV�WR�UHDFW�EHIRUH�DSSO\LQJ�WKH�EUDNHV�

� �F�� 8VH�\RXU�IRUPXOD�WR�ILQG�RXW�LI�6HDQ�ZLOO�EH�DEOH�WR�VWRS�EHIRUH�UHDFKLQJ�WKH�SXGGOH�
���
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9. A quantity of ethanol was heated until it reached boiling point. 

 The temperature of the ethanol, ș °C, at time t seconds after heating began, is modelled 
by the equation

ș = A�í�Beí�����t

 where A and B are positive constants.

 Given that

  Ɣ the initial temperature of the ethanol was  18 °C

  Ɣ after 10 seconds the temperature of the ethanol was  44 °C

 (a) find a complete equation for the model, giving the values of A and B  
to 3 significant figures.

(4)

 Ethanol has a boiling point of approximately  78 °C

 (b) Use this information to evaluate the model.
(2)
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6. The mass, m grams, of a radioactive substance t years after first being observed, is 
modelled by the equation 

m = 25e1– kt

 where k is a positive constant.

 (a) State the value of m when the radioactive substance was first observed. 
(1)

 Given that the mass is 50 grams, 10 years after first being observed,

 (b) show that k = 





1
10

1
2

ln e
(4)

 (c) Find the value of t when m = 20, giving your answer to the nearest year.
(3)
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6. A hot piece of metal is dropped into a cool liquid.  As the metal cools, its temperature 
T degrees Celsius, t minutes after it enters the liquid, is modelled by

T = 300e–0.04t + 20,   t . 0

 (a) Find the temperature of the piece of metal as it enters the liquid.
(1)

 (b) Find the value of t for which T = 180, giving your answer to 3 significant figures.

  (Solutions based entirely on graphical or numerical methods are not acceptable.)
(4)

 (c) Show, by differentiation, that the rate, in degrees Celsius per minute, at which the 
temperature of the metal is changing, is given by the expression

20
25
− T

(3)
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9.
P

O t

Figure 2

 The population of a species of animal is being studied.  The population P, at time t years 
from the start of the study, is assumed to be

P t
kt

kt=
+

9000
3 7

0e
e

, .

 where k is a positive constant.

 A sketch of the graph of P against t is shown in Figure 2.

 Use the given equation to

 (a) find the population at the start of the study,
(2)

 (b) find the value for the upper limit of the population.
(1)

 Given that P = 2500 when t = 4

 (c) calculate the value of k, giving your answer to 3 decimal places.
(5)

 Using this value for k,

 (d) find, using 
d
d
P
t

,  the rate at which the population is increasing when t = 10

  Give your answer to the nearest integer.
(3)
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10. A population of insects is being studied.  The number of insects, N, in the population, is 
modelled by the equation

N t tt=
+ −

300
3 17 0 2e

,   0. ∈ R " 

 where t is the time, in weeks, from the start of the study.

 Using the model,

 (a) find the number of insects at the start of the study,
(1)

 (b) find the number of insects when t = 10,
(2)

 (c) find the time from the start of the study when there are 82 insects.
  (Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)

 (d) Find, by differentiating, the rate, measured in insects per week, at which the number 
of insects is increasing when t = 5.  Give your answer to the nearest whole number. 

(3)
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���� P

O T t
)LJXUH��

� $�FRORQ\�RI�DQWV�LV�EHLQJ�VWXGLHG��7KH�QXPEHU�RI�DQWV�LQ�WKH�FRORQ\�LV�PRGHOOHG�E\�WKH�
HTXDWLRQ

P� �����±� 160
15

0 6

0 8

e

e

.

.

t

t+
� � � � t������t�.��

� ZKHUH�P LV�WKH�QXPEHU�RI�DQWV��PHDVXUHG�LQ�WKRXVDQGV��t�\HDUV�DIWHU�WKH�VWXG\�VWDUWHG�
� $�VNHWFK�RI�WKH�JUDSK�RI�P�DJDLQVW�t�LV�VKRZQ�LQ�)LJXUH��

� �D�� &DOFXODWH�WKH�QXPEHU�RI�DQWV�LQ�WKH�FRORQ\�DW�WKH�VWDUW�RI�WKH�VWXG\��
���

� �E�� )LQG�
G
G
P
t ���

� 7KH�SRSXODWLRQ�RI� DQWV� LQLWLDOO\� GHFUHDVHV�� UHDFKLQJ� D�PLQLPXP�YDOXH� DIWHU�T� \HDUV�� DV�
VKRZQ�LQ�)LJXUH��

� �F�� 8VLQJ�\RXU�DQVZHU�WR�SDUW��E���FDOFXODWH�WKH�YDOXH�RI�T�WR���GHFLPDO�SODFHV�

� � �Solutions based entirely on graphical or numerical methods are not acceptable��
���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

www.yesterdaysmathsexam.com



/HDYH�
EODQN

�

*P51405A0844*

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

��� 7KH�QXPEHU�RI�EDFWHULD�LQ�D�OLTXLG�FXOWXUH�LV�PRGHOOHG�E\�WKH�IRUPXOD

N� ������������t�� � t�.��

� ZKHUH�N�LV�WKH�QXPEHU�RI�EDFWHULD�t�KRXUV�DIWHU�WKH�VWDUW�RI�D�VFLHQWLILF�VWXG\�

� �D�� 6WDWH�WKH�QXPEHU�RI�EDFWHULD�DW�WKH�VWDUW�RI�WKH�VFLHQWLILF�VWXG\�
���

� �E�� )LQG� WKH� WLPH� WDNHQ�IURP�WKH�VWDUW�RI� WKH�VWXG\�IRU� WKH�QXPEHU�RI�EDFWHULD� WR� UHDFK�
�� ���

� � *LYH�\RXU�DQVZHU�LQ�KRXUV�DQG�PLQXWHV��WR�WKH�QHDUHVW�PLQXWH�
���

� �F�� 8VH�FDOFXOXV�WR�ILQG�WKH�UDWH�RI�LQFUHDVH�LQ�WKH�QXPEHU�RI�EDFWHULD�ZKHQ�t� ��
� � *LYH�\RXU�DQVZHU��LQ�EDFWHULD�SHU�KRXU��WR�WKH�QHDUHVW�ZKROH�QXPEHU�

���
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)LJXUH��

� 7KH�QXPEHU�RI�UDEELWV�RQ�DQ�LVODQG�LV�PRGHOOHG�E\�WKH�HTXDWLRQ�

P� �
100

1 3

0 1

0 9

e

e

−

−+

.

.

t

t ������� � � � t �����t�.��

� ZKHUH�P�LV�WKH�QXPEHU�RI�UDEELWV��t�\HDUV�DIWHU�WKH\�ZHUH�LQWURGXFHG�RQWR�WKH�LVODQG��

� $�VNHWFK�RI�WKH�JUDSK�RI�P�DJDLQVW�t�LV�VKRZQ�LQ�)LJXUH���

� �D�� &DOFXODWH�WKH�QXPEHU�RI�UDEELWV�WKDW�ZHUH�LQWURGXFHG�RQWR�WKH�LVODQG��
���

� �E�� )LQG�
G
G
P
t ���

� 7KH�QXPEHU�RI�UDEELWV�LQLWLDOO\�LQFUHDVHV��UHDFKLQJ�D�PD[LPXP�YDOXH�PT�ZKHQ�t� �T

� �F�� 8VLQJ�\RXU�DQVZHU�IURP�SDUW��E���FDOFXODWH��

� � �L�� WKH�YDOXH�RI�T� WR���GHFLPDO�SODFHV�

� � �LL�� WKH�YDOXH�RI�PT� WR�WKH�QHDUHVW�LQWHJHU�

� �Solutions based entirely on graphical or numerical methods are not acceptable��
���

� )RU�t�!�T��WKH�QXPEHU�RI�UDEELWV�GHFUHDVHV��DV�VKRZQ�LQ�)LJXUH����EXW�QHYHU�IDOOV�EHORZ�k��
ZKHUH k�LV�D�SRVLWLYH�FRQVWDQW�

� �G�� 8VH�WKH�PRGHO�WR�VWDWH�WKH�PD[LPXP�YDOXH�RI�k�
���
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9. The amount of an antibiotic in the bloodstream, from a given dose, is modelled by the 
formula 

x = De–0.2t

 where x is the amount of the antibiotic in the bloodstream in milligrams, D is the dose 
given in milligrams and W�is the time in hours after the antibiotic has been given.

 $�ILUVW�GRVH�RI��� PJ�RI�WKH�DQWLELRWLF�LV�JLYHQ�

 (a) Use the model to find the amount of the antibiotic in the bloodstream 4 hours after the 
dose is given.  Give your answer in mg to 3 decimal places.

(2)

 $�VHFRQG�GRVH�RI��� PJ�LV�JLYHQ���KRXUV�DIWHU�WKH�ILUVW�GRVH�KDV�EHHQ�JLYHQ���8VLQJ�WKH�
same model for the second dose,

 (b) show that the total amount of the antibiotic in the bloodstream 2 hours after the 
VHFRQG�GRVH�LV�JLYHQ�LV��������PJ�WR���GHFLPDO�SODFHV�

(2)

 No more doses of the antibiotic are given.  At time T hours after the second dose is given, 
the total amount of the antibiotic in the bloodstream is 7.5 mg.

 (c) Show that T a b b= +



ln ,

e
 where a and E are integers to be determined.

(4)
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*P44825A01232*

4. Water is being heated in an electric kettle. The temperature, ș °C, of the water t seconds 
after the kettle is switched on, is modelled by the equation 

ș = 120 – 100e ±ȜW,������0 -�W�-�T

 (a) State the value of ș when t = 0
(1)

 Given that the temperature of the water in the kettle is 70°C when t = 40,

 (b) find the exact value of Ȝ, giving your answer in the form ln a
b

, where a and b are 
integers.

(4)

 When t = T, the temperature of the water reaches 100°C and the kettle switches off.

 (c) Calculate the value of T to the nearest whole number.
(2)
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*P43164A02432*

8. A rare species of primrose is being studied.  The population, P, of primroses at time t years 
after the study started is modelled by the equation

P t t
t

t=
+
800
1 3

0
0 1

0 1
e
e

.

.
, ,! R∈

 (a) Calculate the number of primroses at the start of the study.
(2)

 (b) Find the exact value of t when P = 250, giving your answer in the form a ln(b) where 
a and b are integers.

(4) 

 (c) Find the exact value of 
d
d
P
t  

when t =10.  Give your answer in its simplest form.
(4) 

 (d) Explain why the population of primroses can never be 270
(1)
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