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KEARSNEY COLLEGE TRIAL EXAMINATION 

23 AUGUST 2019




ADVANCED PROGRAMME MATHEMATICS: PAPER I

MODULE 1: CALCULUS AND ALGEBRA

Time: 2 hours	200 marks


PLEASE READ THE FOLLOWING INSTRUCTIONS CAREFULLY.

1. 	This question paper consists of 19 pages and an Information Sheet.
Please check that your question paper is complete.

2. 	Non-programmable and non-graphical calculators may be used, unless otherwise
indicated.

3.	All necessary calculations must be clearly shown and writing should be legible.

4. 	Diagrams have not been drawn to scale.

5. 	Round off your answers to two decimal digits, unless otherwise indicated.

6.	Ensure that your calculators are set to RADIAN mode.


MEMORANDUM




	QUESTION 1
	

	1.1	
	
(a)	Express as a single logarithm.	

	



	(2)

	
	
(b)	Hence, given that x satisfies the equation 

	show that x is a root of the quadratic equation 

	




	(3)

	1.2
	
Solve the equation 	


	Let 




	(4)

	1.3
	
Solve for x: 

		


	(5) 




	1.5
	
In a chemical reaction, the mass m grams of a chemical after t minutes is modelled by the equation	
	

	
	(a) 	Find the initial mass of the chemical. 


	t = 0: 

	(1)

	
	(b) 	What is the mass of the chemical in the long term?


	

	(2) 

	
	(c) 	Find the time when the mass is 30 grams. 


	


	(3) 

	
	(d) 	Sketch the graph of m against t. 

[image: ]
















	(3) 




	1.6
	
Solve for x: 


Let 











	(6)

	
	
	[29]



	QUESTION 2
	

	2.1
	

Solve for , given that  is a factor of


 and . 




	














	(7) 




	2.2
	

For how many values of n is  a real number if ?





Create a pattern: 	n = 0	

			n = 1	

			n = 2	
			…

		n = 155 	
	

	  






	(6)

	2.3
	
Solve for x, where x is a real number: 


	














	(6)

	
	
	[19]



	QUESTION 3
	

	

Use mathematical induction to prove that  is divisible by 3, when .  


Step 1:  n = 1: 	i.e. divisible by 3, so true for n = 1 



Step 2:  assume true for  



Step 3:  prove true for  



or				

 true for n = 1; n = k and n = k + 1,  true for all values of n. 




















	

	
	
	[10]



	QUESTION 4
	

	4.1
	

Given that , show that . 







	(5)

	4.2
	
The function  is defined as follows: 




Determine the value(s) of a and b if is differentiable at . 

If differentiable, then continuous: 



differentiable: 







	(10)




	4.3
	


The function  is defined by  for .

Show that  and state the domain of this function. 






Range of 	


Domain of 

or






based on sketch: 	








	(6)

	
	
	[21]




	QUESTION 5
	

	Fig. 1 shows a greenhouse which is built against a wall. 

[image: ]Fig. 1
Fig. 2
,
,
,
,





	The greenhouse is a prism of length 5,5m. The curve AC is an arc of a circle with centre B and radius 2,1m, as shown in Fig. 2. The sector angle ABC is 1,8 radians and ABD is a straight line. The curved surface of the greenhouse is covered in polythene (light flexible synthetic resin).  




	5.1
	Find the length of the arc AC, and hence find the area of polythene required for the curved surface of the greenhouse. 



		



	(3)

	5.2
	
Show that the angle  is 1,34 radians, rounded to two decimal places. 







	(2)




	5.3
	
Calculate the length BD, and hence the area of BCD.





area of BCD = 







	(5) 

	5.4
	Calculate the volume of the greenhouse. 













	(5) 

	
	
	[15]





	QUESTION 6
	

	
The curve C has equation  The Point P on C has an x-coordinate of 1. 

	6.1
	
Show that the value of  at P is 3. 






	(5) 

	6.2
	Find the equation of the normal to C at P. 


x = 1  

m of normal: 




	(4)

	6.3
	
The normal meets the x-axis at the point . Find the value of k. 








	(2)

	
	
	[11]



	QUESTION 7
	

	
A curve is described by the equation .


	7.1
	
Find the coordinates of the two points on the curve where .



 




	(3)

	7.2
	Find the gradient of the curve at each of these points, using implicit differentiation. 





At 














	(8)

	
	
	[11]



	QUESTION 8
	

	
Consider the function .

	8.1
	Determine the intercepts with both axes. 











	(6) 

	8.2
	Determine the equations of any asymptotes. 



oblique asymptote since deg (num)  1 = deg (denom)




so oblique asymptote is: 

















	(8)

	8.3
	Determine the coordinates of any stationary points. 
















	(8)

	8.4
	
Use the fact that  to determine the nature of the stationary points you found in Question 8.3.















	(4) 

	
	
	[26]



	QUESTION 9
	

	9.1
	


By writing  as , show that . 





	(5)

	9.2
	

Determine , given 
Simplify your final answer







	(4)

	9.3
	

[image: ]The function  is defined for the domain  
The function is alongside. 
Find the range of f.








Range: 


	(6)

	
	
	[15]



	QUESTION 10
	

	
, where x is in radians. 

	10.1
	


Show that  has a root between  and 





Change in sign, has a root between  and 



	(2)

	10.2 
	
Using  as a first approximation, apply the Newton-Raphson method ONCE to find a second approximation for x, giving your answer to 5 decimal places. 































	(6)

	
	
	[8]




	QUESTION 11
	

	
Given: 

	11.1
	Find the values of the constants A, B and C.















	(5)

	11.2
	
Hence, find 


















	(6)

	
	
	[11]



	QUESTION 12
	

	12.1
	Determine the integrals for each of the following: 
	

	
	
(a)	

	

	(5)

	
	
(b)	

Note:  


	


or  using	

	

	(5)

	
	
(c)	

 using: 

	





	(5)

	12.2
	
[image: ]The curve with equation  is shown in Figure 1. 
Find the exact area of the shaded region. 






	use a calculator


	(3)



	12.3
	
Use integration by parts to find 


of the form:   


	where:  


			
















	(6)

	
	
	[24]
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Figure 1

0 2
The curve with equation y = 3sm’z‘ ,0< x< 2, is shown in Figure 1. The finite region
enclosed by the curve and the x-axis is shaded.

(2) Find, by integration, the area of the shaded region.
@)




image132.wmf
p

=££

3sin,02,

2

x

yx


oleObject9.bin

oleObject130.bin

image133.wmf
p

==

ò

2

0

3sin12

2

x

Areadx


oleObject131.bin

image134.wmf
ò

.

x

xedx


oleObject132.bin

image135.wmf
¢¢

=-

òò

. . 

uvdxuvuvdx


oleObject133.bin

image136.wmf
¢

=\=

¢

=\=

1

xx

ueue

vxv


oleObject134.bin

image137.wmf
=-

=-+

òò

..1.

.

xxx

xx

xedxxeedx

xeec


image11.wmf
(

)

(

)

(

)

(

)

--+=

+=

-

=

-

=

-

=-

=

log20log21

1

loglog21

20

2

log1

20

2

10

20

210200

25

xx

x

x

x

x

x

x

xx

x


oleObject135.bin

oleObject10.bin

image12.wmf
-

=+³

0,1

2030,0

t

met


oleObject11.bin

image13.wmf
=+=

0

203050

meg


oleObject12.bin

image14.wmf
(

)

(

)

-

®¥

®¥

®¥+

æö

=+´

ç÷

èø

=+´

=

0,1

0,1

:lim2030

1

lim2030

20300

20

t

t

t

t

te

e


oleObject13.bin

image15.wmf
-

-

-

=+

=

=

=-

=

0,1

0,1

0,1

302030

1030

1

3

1

ln0,1

3

10,99

t

t

t

ecanuseSOLVEoncalc

e

e

t

t


oleObject14.bin

image16.png




image17.wmf
--=

2

4120

xx


oleObject15.bin

image18.wmf
(

)

(

)

=--=

-+=

==-

=¹-

=±

2

4120

620

62

62

6

xkkk

kk

kork

xorx

x


oleObject16.bin

image19.wmf
=

()0

fx


oleObject17.bin

image20.wmf
-

2

8

x


oleObject18.bin

image21.wmf
=+---

432

()221648

fxxxxx


oleObject19.bin

image22.wmf
Î

£

x


oleObject20.bin

image23.wmf
(

)

(

)

(

)

(

)

(

)

+---=-++=®=

=-++

4322223

22

221648862.2

826

xxxxxxbxbxbxx

xxx


oleObject21.bin

image24.wmf
(

)

(

)

\-++=

=±=±=-±

=±=-±

22

8260

82215

2,8315

xxx

xorxi

xorxi


oleObject22.bin

image25.wmf
+

32

n

i


oleObject23.bin

image26.wmf
££

0155

n


oleObject24.bin

image27.wmf
=--

=-

=´=--

=´=-´-=

=´=-=

2

32

422

54

1

1

1

111

1...

inonreal

ireal

iiiinonreal

iiireal

iiiinonrealallevenpowersreal


oleObject25.bin

image28.wmf
(

)

+

\==-

302

2

1

iireal


oleObject26.bin

image29.wmf
(

)

+

\=-

312

5

iinonreal


oleObject27.bin

image30.wmf
(

)

+

\=

322

8

iireal


oleObject28.bin

image31.wmf
(

)

+

\=-

31552

867

iinonreal


oleObject29.bin

image32.wmf
==

156

78

2

n


oleObject30.bin

image33.wmf
-

³

-

4

1

0

1

x

x


oleObject31.bin

image34.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

-+

³

-

-++

³

-

++³+³

³-¹

22

2

22

11

0

1

111

0

1

11011

1:1

xx

x

xxx

x

xxbutx

xrestrx


oleObject32.bin

image35.wmf
+

3

2

nn


oleObject33.bin

image36.wmf
Î

¥

n


oleObject34.bin

image37.wmf
+=

3

12(1)3


image1.png
*
KEARSNEY COLLEGE

Founded in 1921




oleObject35.bin

image38.wmf
=

nk


oleObject36.bin

image39.wmf
\+=Î

¥

3

23

kkpwherep


oleObject37.bin

image40.wmf
=+

1

nk


oleObject38.bin

image41.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

\+++

éù

=+++

ëû

éù

=+++

ëû

=+++++=-

=-+++

=+++=+++

3

2

2

3223

2

22

121

112

123

23232:32

32353

333331..3

kk

kk

kkk

kkkkkfromstepkpk

pkkk

pkkpkkiedivby


oleObject39.bin

image42.wmf
(

)

(

)

(

)

(

)

(

)

(

)

[

]

(

)

[

]

\+++

éù

=+++

ëû

éù

=+++

ëû

=+++=

=++

3

2

2

3

121

112

123

1332:23

311..3

kk

kk

kkk

kpfromstepkkp

kpiedivby


oleObject40.bin

image43.wmf
+

=

-

1

()

1

x

fx

x


oleObject41.bin

image44.wmf
(

)

(

)

=

ffxx


oleObject42.bin

image45.wmf
(

)

+

æö

+

ç÷

+-

-

æö

èø

=´

ç÷

+

--

æö

èø

-

ç÷

-

èø

++-

=

+--

=

=

1

1

11

1

1

11

1

1

11

11

2

2

...

x

xx

x

f

x

xx

x

xx

xx

x

xQED


oleObject43.bin

image46.wmf
()

fx


oleObject44.bin

image47.wmf
ì

³

ï

=

í

ï

-<

î

,1

()

2,1

a

ifx

fx

x

bxifx


image138.jpeg




