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Section Check In – Pure Mathematics: Functions 

Questions



1.	Use the factor theorem to show that  is a factor of .


2.	Expand .


3.*	Solve the inequality , giving your answer using set notation.




4.*	The function is defined by  with domain . State the range of .



5.	Fig. 5 shows a cubic curve. The values of  and  where it crosses the axes are shown.
[image: ]
Fig. 5

	Find the equation of the curve.



6.*	The functions  and  are defined by


 with domain ,


 with domain .



	(a)	Show that the range of  is .

	(b)	Explain why  has no inverse.

	(c)	Explain why the function  does not exist for all real numbers.

	(d)	Solve the equation .

7.*	In this question you must show detailed reasoning.


	The function is defined by  with domain .

	(a)	State the range of .

	(b) 	Find the inverse function .
	(c)	Sketch the following graphs on the same axes.
· 

· 



	(d)	Find the values of  for which .

8.*	A balloon is being blown up using a cylinder of air. The air is pumped into the balloon at a constant rate. Model the balloon as a sphere. The balloon starts with no air in it. It takes 10 seconds to blow up the balloon. When it is fully blown up it has a diameter of 20 cm. Sketch the graph of a function which models how the diameter of the balloon grows with time.



9.*	(a)	Explain why the function  is only defined for .



	(b)	 has domain . Find the range of .


	(c)	Show that the function  is defined for .

10.*	The design of the slide in a playground is based on two curves





 for    and    for .


	Units are metres and ground level is represented by .

	 





It is given that  for constants  and . The end of the slide (where ) must be at a height of metres above the ground.

	Find a formula for .






Extension




A self-inverse function is one for which . By applying  to both sides, we see that this is equivalent to .



(a)	Verify that the function defined by  for all real values of  is self-inverse.




(b)	Find conditions on the constants  and  so that the function defined by  is self-inverse.



(c)	Similarly investigate  and .
























Worked solutions


1.	Let 

	



	Since , by factor theorem  or  is a factor


2.	






3.	Squaring both sides, 

	Expanding and simplifying, 


	Dividing both sides by , 



	Factorising,  and so  and  are critical values




Checking values  and , for example, satisfies the inequality and so the solution consists of values to the left of  and to the right of 

	Solution is 

	Alternative solution:


	Sketching  and 
y
1
4

x






















	Points of intersection given by  and by , i.e. when  and 



	From diagram,  is ‘above’  for the values 






4.	 for all  so the range is 
[image: ]



5.	The curve crosses the x-axis at -1, 2 and 4. So the equation must have the factors .


	 is a cubic curve so there are no other factors involving .


	The equation of the curve is  where  is a constant.



	When ,  so .

	The equation is .


6.	(a)	Completing the square, 




		For all values of ,  and therefore  for all 






	(b)	To have an inverse,  must be one-one so that  always has a unique value; but, for example,  and  are both equal to  and so  is not one-one and therefore has no inverse









	(c)	For the composed function  to exist, the range of  must be part of, or the same as, the domain of  so that  can be found for all values of  in the domain of ; but the range of  includes some negative values which are not included in the domain of 
; for example,  and this cannot be found




	(d)	The equation  leads to  and therefore  or


		Factorising (or using a substitution ), 


		Solving  or 



		But  cannot be negative and so , giving  as the only solution






7.	(a)	 takes all values in the real numbers for , hence so does .

		The range of  is the real numbers.


	(b)	

		

		

		




	(c)	The curves  and  are reflections of each other in .




		It is easier to draw  first as that is a cubic which crosses the -axis at .
[image: ]





	(d) 	The curves  and  cross on .


		It is easier to find where  and  cross.

		

		

		

		

		 is a root

		





For , the discriminant is  so no real roots for the quadratic. Values of  must be real to be in the domain of  so the only solution is .


8.	The graph should have the following features.
· Time on horizontal axis and diameter on vertical axis
· 

Numbers  and  on time axis
· 

Numbers  and  on diameter axis
· 
Graph starts at 
· 
Graph ends at 
· Gradient of graph decreasing
	[image: ]






9.	(a)	The numerator and denominator can only be calculated for . But for  the 
		denominator would be  and it is not possible to divide by  so the function is only 
		defined for .



	(b)		For positive , 

		 (and can get as close to 1 as you like)



	 so the domain is 




(c)	For ,  is the same as  and is defined as explained in part (a)




For  , each of  and  is negative so  is positive and it is possible to find the square root



10.	The two sections of the slide must meet when  so that , giving the 

	equation 



	At the end of the slide when , the height of the slide is m, i.e.  giving 

	a second equation 




	Solving the simultaneous equations for  and  gives  and 

	Hence 

Extension



(a)	 so that 


	Since , this function  is self-inverse

(b)	Now consider 



	If , then  and so 

	Rearranging gives 



	For this to be true for all values of ,  and 




	Therefore either  and    or    and  can take any value

	The first option is just the trivial case 




The second option is , i.e. the function  defined by  is a 
self-inverse function for all values of the constant 


(c)	For the function , applying  and simplifying leads to 

	




	This means  and  and  giving only 


	Hence the function  defined by  is a self-inverse function for all values of the 


	non-zero constants  and 





A similar approach in the final case shows the function  defined by  is a self-inverse function provided that  and 


[image: C:\Users\marxsu\Desktop\asa_mathsbmei_logo.png]
[image: C:\Users\marxsu\Desktop\asa_mathsbmei_landscape.png]


Version 1	1						© OCR 2017
Version 1	8						© OCR 2017










OCR Resources: the small print
OCR’s resources are provided to support the delivery of OCR qualifications, but in no way constitute an endorsed teaching method that is required by the Board, and the decision to use them lies with the individual teacher.   Whilst every effort is made to ensure the accuracy of the content, OCR cannot be held responsible for any errors or omissions within these resources. 
© OCR 2017 - This resource may be freely copied and distributed, as long as the OCR logo and this message remain intact and OCR is acknowledged as the originator of this work.
OCR acknowledges the use of the following content: n/a
Please get in touch if you want to discuss the accessibility of resources we offer to support delivery of our qualifications: resources.feedback@ocr.org.uk
[bookmark: _GoBack]We’d like to know your view on the resources we produce. By clicking on ‘Like’ or ‘Dislike’ you can help us to ensure that our resources work for you. When the email template pops up please add additional comments if you wish and then just click ‘Send’. Thank you.
Whether you already offer OCR qualifications, are new to OCR, or are considering switching from your current provider/awarding organisation, you can request more information by completing the Expression of Interest form which can be found here: www.ocr.org.uk/expression-of-interest
Looking for a resource? There is now a quick and easy search tool to help find free resources for your qualification: 
www.ocr.org.uk/i-want-to/find-resources/























Version 1	9					© OCR 2017
oleObject1.bin

image47.wmf
g()

x


oleObject46.bin

image48.wmf
1

f()f()

-

=

xx


oleObject47.bin

image49.wmf
f


oleObject48.bin

image50.wmf
2

f()

=

xx


oleObject49.bin

image51.wmf
f()4

=-

xx


oleObject50.bin

image2.wmf
32

2373

-+-

xxx


image52.wmf
x


oleObject51.bin

image53.wmf
a


oleObject52.bin

image54.wmf
b


oleObject53.bin

image55.wmf
f()

=+

xaxb


oleObject54.bin

image56.wmf
f()

=

+

c

x

dxe


oleObject55.bin

oleObject2.bin

image57.wmf
f()

+

=

+

pxq

x

rxs


oleObject56.bin

image58.wmf
32

f()2373

=-+-

xxxx


oleObject57.bin

image59.wmf
3

111111

2842442

f()2373330

=´-´+´-=-+-=


oleObject58.bin

image60.wmf
1

2

f()0

=


oleObject59.bin

image61.wmf
1

2

-

x


oleObject60.bin

image3.wmf
(

)

(

)

2

3125

--+

xxx


image62.wmf
21

-

x


oleObject61.bin

image63.wmf
(

)

(

)

(

)

(

)

222

3125325125

--+=-+--+

xxxxxxxx


oleObject62.bin

image64.wmf
322

361525

=-+-+-

xxxxx


oleObject63.bin

image65.wmf
32

37175

=-+-

xxx


oleObject64.bin

image66.wmf
2

(34)1

->

x


oleObject65.bin

oleObject3.bin

image67.wmf
2

924150

-+>

xx


oleObject66.bin

image68.wmf
3


oleObject67.bin

image69.wmf
2

3850

-+>

xx


oleObject68.bin

image70.wmf
(35)(1)0

-->

xx


oleObject69.bin

image71.wmf
2

3

1

=

x


oleObject70.bin

image4.wmf
341

->

x


image72.wmf
1

=

x


oleObject71.bin

image73.wmf
0

=

x


oleObject72.bin

image74.wmf
6

=

x


oleObject73.bin

image75.wmf
1


oleObject74.bin

image76.wmf
2

3

1


oleObject75.bin

oleObject4.bin

image77.wmf
2

3

{:1}{:1}

<È>

xxxx


oleObject76.bin

image78.wmf
34

=-

yx


oleObject77.bin

image79.wmf
1

=

y


oleObject78.bin

image80.wmf
|34|

yx

=-


oleObject79.bin

oleObject80.bin

image81.wmf
4

3


image5.wmf
f


oleObject81.bin

image810.wmf
4

3


oleObject82.bin

image82.wmf
1(34)

=--

x


oleObject83.bin

image83.wmf
134

=-

x


oleObject84.bin

image84.wmf
1

=

x


oleObject85.bin

oleObject5.bin

image85.wmf
2

3

1

=

x


oleObject86.bin

image86.wmf
34

yx

=-


oleObject87.bin

image87.wmf
1

y

=


oleObject88.bin

image88.wmf
2

3

{:1}{:1}

xxxx

<È>


oleObject89.bin

image89.wmf
2

11

+³

x


oleObject90.bin

image6.wmf
2

f()1

=+

xx


image90.wmf
x

Î

R


oleObject91.bin

image91.wmf
{f():f()1}

³

xx


oleObject92.bin

image92.png




image93.wmf
(1)(2)(4)

+--

xxx


oleObject93.bin

image94.wmf
(1)(2)(4)

=+--

yxxx


oleObject94.bin

image95.wmf
x


oleObject6.bin

oleObject95.bin

image96.wmf
(1)(2)(4)

=+--

ykxxx


oleObject96.bin

image97.wmf
k


oleObject97.bin

image98.wmf
0

=

x


oleObject98.bin

image99.wmf
816

==

yk


oleObject99.bin

image100.wmf
2

=

k


image7.wmf
f


oleObject100.bin

image101.wmf
2(1)(2)(4)

yxxx

=+--


oleObject101.bin

image102.wmf
22

f()2(1)1

=+=+-

xxxx


oleObject102.bin

image103.wmf
x


oleObject103.bin

image104.wmf
2

(1)0

+³

x


oleObject104.bin

image105.wmf
f()1

³-

x


oleObject7.bin

oleObject105.bin

image106.wmf
x

Î

R


oleObject106.bin

image107.wmf
f


oleObject107.bin

image108.wmf
1

f()

-

x


oleObject108.bin

image109.wmf
f(3)

-


oleObject109.bin

image110.wmf
f(1)


image8.wmf
x


oleObject110.bin

image111.wmf
3


oleObject111.bin

image112.wmf
f


oleObject112.bin

image113.wmf
gf


oleObject113.bin

image114.wmf
f


oleObject114.bin

image115.wmf
g


oleObject8.bin

oleObject115.bin

image116.wmf
gf()

x


oleObject116.bin

image117.wmf
x


oleObject117.bin

image118.wmf
f


oleObject118.bin

image119.wmf
f


oleObject119.bin

image120.wmf
g


image9.wmf
y


oleObject120.bin

image121.wmf
3

1

24

gf()g()

-=-


oleObject121.bin

image122.wmf
fg()15

=

x


oleObject122.bin

image123.wmf
f()15

=

x


oleObject123.bin

image124.wmf
2

()215

+=

xx


oleObject124.bin

image125.wmf
2150

+-=

xx


oleObject9.bin

oleObject125.bin

image126.wmf
=

ux


oleObject126.bin

image127.wmf
(5)(3)0

+-=

xx


oleObject127.bin

image128.wmf
5

=-

x


oleObject128.bin

image129.wmf
3

=

x


oleObject129.bin

image130.wmf
x


image10.png




oleObject130.bin

image131.wmf
3

=

x


oleObject131.bin

image132.wmf
9

=

x


oleObject132.bin

image133.wmf
3

x


oleObject133.bin

image134.wmf
x

Î

R


oleObject134.bin

image135.wmf
3

2

-

x


image11.wmf
f


oleObject135.bin

image136.wmf
f


oleObject136.bin

image137.wmf
3

2

yx

=-


oleObject137.bin

image138.wmf
3

2

xy

=-


oleObject138.bin

image139.wmf
(

)

3

2

=-

xy


oleObject139.bin

image140.wmf
(

)

(

)

3

1

f2

-

=-

xx


oleObject10.bin

oleObject140.bin

image141.wmf
f()

=

yx


oleObject141.bin

image142.wmf
1

f()

-

=

yx


oleObject142.bin

image143.wmf
=

yx


oleObject143.bin

image144.wmf
1

f()

-

=

yx


oleObject144.bin

image145.wmf
x


image12.wmf
g


oleObject145.bin

image146.wmf
(

)

2,0


oleObject146.bin

image147.png




image148.wmf
f()

=

yx


oleObject147.bin

image149.wmf
1

f()

-

=

yx


oleObject148.bin

image150.wmf
=

yx


oleObject149.bin

oleObject11.bin

image151.wmf
=

yx


oleObject150.bin

image152.wmf
1

f()

-

=

yx


oleObject151.bin

image153.wmf
3

(2)

=-

xx


oleObject152.bin

image154.wmf
2

(2)(44)

=--+

xxxx


oleObject153.bin

image155.wmf
23

8126

=-+-

xxxx


oleObject154.bin

image13.wmf
2

f()2

=+

xxx


image156.wmf
32

61380

-+-=

xxx


oleObject155.bin

image157.wmf
1

=

x


oleObject156.bin

image158.wmf
2

(1)(58)0

--+=

xxx


oleObject157.bin

image159.wmf
2

580

-+=

xx


oleObject158.bin

image160.wmf
25327

-=-


oleObject159.bin

oleObject12.bin

image161.wmf
x


oleObject160.bin

image162.wmf
f


oleObject161.bin

image163.wmf
1

=

x


oleObject162.bin

image164.wmf
0


oleObject163.bin

image165.wmf
10


oleObject164.bin

image14.wmf
g()

=

xx


oleObject165.bin

image166.wmf
20


oleObject166.bin

image167.wmf
(0,0)


oleObject167.bin

image168.wmf
(10,20)


oleObject168.bin

image169.png
Diameter (cm)

20+

[
0 10 Time (seconds)




image170.wmf
0

³

x


oleObject169.bin

oleObject13.bin

image171.wmf
0

=

x


oleObject170.bin

oleObject171.bin

oleObject172.bin

image172.wmf
0

>

x


oleObject173.bin

image173.wmf
x


oleObject174.bin

image174.wmf
22

f()1

+

==+

x

x

xx


oleObject175.bin

image15.wmf
0

³

x


image175.wmf
2

11

+>

x


oleObject176.bin

image176.wmf
2

11

+>

x


oleObject177.bin

image177.wmf
f()1

>

x


oleObject178.bin

image178.wmf
0

>

x


oleObject179.bin

image179.wmf
g()

x


oleObject180.bin

oleObject14.bin

image180.wmf
f()

x


oleObject181.bin

image181.wmf
2

<-

x


oleObject182.bin

image182.wmf
2

+

x


oleObject183.bin

image183.wmf
x


oleObject184.bin

image184.wmf
2

+

x

x


oleObject185.bin

image16.wmf
f


image185.wmf
6

=

x


oleObject186.bin

image186.wmf
g(6)f(6)

=


oleObject187.bin

image187.wmf
160

6100

+=

k

c


oleObject188.bin

image188.wmf
20

=

x


oleObject189.bin

image189.wmf
0.2


oleObject190.bin

oleObject15.bin

image190.wmf
g(20)0.2

=


oleObject191.bin

image191.wmf
0.2

20

+=

k

c


oleObject192.bin

image192.wmf
k


oleObject193.bin

image193.wmf
c


oleObject194.bin

image194.wmf
12

=

k


oleObject195.bin

image17.wmf
{f():f()1}

³-

xx


image195.wmf
0.4

=-

c


oleObject196.bin

image196.wmf
12

g()0.4

=-

x

x


oleObject197.bin

image197.wmf
f()4

=-

xx


oleObject198.bin

image198.wmf
2

f()ff()f(4)4(4)44

==-=--=-+=

xxxxxx


oleObject199.bin

image199.wmf
2

f()

=

xx


oleObject200.bin

oleObject16.bin

image200.wmf
f


oleObject201.bin

image201.wmf
f()

=+

xaxb


oleObject202.bin

image202.wmf
2

f()

=

xx


oleObject203.bin

image203.wmf
f()

+=

axbx


oleObject204.bin

image204.wmf
()

++=

aaxbbx


oleObject205.bin

image18.wmf
f


image205.wmf
2

(1)(1)0

-++=

axab


oleObject206.bin

image206.wmf
x


oleObject207.bin

image207.wmf
2

10

-=

a


oleObject208.bin

image208.wmf
(1)0

+=

ab


oleObject209.bin

image209.wmf
1

=

a


oleObject210.bin

oleObject17.bin

image210.wmf
0

=

b


oleObject211.bin

image211.wmf
1

=-

a


oleObject212.bin

image212.wmf
b


oleObject213.bin

image213.wmf
f()

=

xx


oleObject214.bin

image214.wmf
f()

=-+

xxb


oleObject215.bin

image19.wmf
gf


image215.wmf
f


oleObject216.bin

image216.wmf
f()

=-

xbx


oleObject217.bin

image217.wmf
b


oleObject218.bin

image218.wmf
f()

=

+

c

x

dxe


oleObject219.bin

image219.wmf
2

f()

=

xx


oleObject220.bin

oleObject18.bin

image220.wmf
22

0

+-=

dexexce


oleObject221.bin

image221.wmf
0

=

de


oleObject222.bin

image222.wmf
2

0

=

e


oleObject223.bin

image223.wmf
0

=

ce


oleObject224.bin

image224.wmf
0

=

e


oleObject225.bin

image20.wmf
fg()15

x

=


image225.wmf
f


oleObject226.bin

image226.wmf
f()

=

c

x

dx


oleObject227.bin

image227.wmf
c


oleObject228.bin

image228.wmf
d


oleObject229.bin

image229.wmf
f


oleObject230.bin

oleObject19.bin

image230.wmf
f()

+

=

+

pxq

x

rxs


oleObject231.bin

image231.wmf
0

+=

ps


oleObject232.bin

image232.wmf
0

¹

r


oleObject233.bin

image21.wmf
f


oleObject20.bin

image22.wmf
3

f()2

=-

xx


oleObject21.bin

image23.wmf
f


oleObject22.bin

image24.wmf
(

)

1

f

-

x


oleObject23.bin

image25.wmf
f()

=

yx


oleObject24.bin

image26.wmf
1

f()

-

=

yx


oleObject25.bin

image27.wmf
x


oleObject26.bin

image28.wmf
1

f()f()

-

=

xx


oleObject27.bin

image29.wmf
2

f()

+

=

x

x

x


oleObject28.bin

image30.wmf
0

>

x


oleObject29.bin

image31.wmf
2

f()

+

=

x

x

x


oleObject30.bin

image32.wmf
0

>

x


oleObject31.bin

image33.wmf
(

)

f

x


oleObject32.bin

image34.wmf
2

g()

+

=

x

x

x


oleObject33.bin

image35.wmf
(

)

(

)

{

}

:20

<-È>

xxx


oleObject34.bin

image36.wmf
f()

=

yx


oleObject35.bin

image37.wmf
06

££

x


oleObject36.bin

image38.wmf
g()

=

yx


oleObject37.bin

image39.wmf
620

££

x


oleObject38.bin

image40.wmf
0

=

y


oleObject39.bin

image41.wmf
2

160

f()

(4)

=

+

x

x


oleObject40.bin

image1.wmf
(21)

-

x


image42.wmf
g()

=+

k

xc

x


oleObject41.bin

image43.wmf
k


oleObject42.bin

image44.wmf
c


oleObject43.bin

image45.wmf
20

=

x


oleObject44.bin

image46.wmf
0.2


oleObject45.bin

image233.png
AS and A LEVEL
MATHEMATICS B (MEI)




image234.png
AS and A LEVEL
MATHEMATICs B (ME) OCR




