
WORKSHEET - Mathematics (Advanced)
12. Logs and Exponentials

Applied Calculus (L&E)
Exponential Calculus

Teacher: James Butterworth
Exam Equivalent Time: 115.5 minutes (based on HSC allocation of 1.5
minutes approx. per mark)

HISTORICAL CONTRIBUTION

T12 Logs and Exponentials has contributed an average of 5.3% to the HSC exam per
year, although this does not include its regular contribution to cross-topic problems involving
other sub-topics such as Area Under Curves and Tangents.

This topic has been split into three sub-categories for this analysis which are: 1-Index Laws
and Other Equations (1.2%), 2-Log Calculus (2.4%), and 3-Exponential Calculus (1.7%).

PAST HSC ANALYSIS - What to expect and common pitfalls

Topic 12 L&E has historically been a great topic area for students to score highly in.

Index Laws and Other Equations (1.2%) represent a small area that examiners have been
consistently testing within multiple choice since this mode of question was included in 2012.

Log Calculus (2.4%) is the biggest contributor to Topic 12. The integration of a fraction that
results in a logarithm is a 2-3 mark question type that has appeared in 5 of the last 7 years,
but was notably absent from the 2016 exam. Worthy of attention.

Exponential Calculus (1.7%) has been examined every year since 2011. Competence in
this area will be rewarded with easy marks.

1.  L&E, 2UA 2014 HSC 4 MC

2.  L&E, 2UA 2016 HSC 5 MC

3.  L&E, 2UA 2017 HSC 3 MC

Questions

Which expression is equal to  ?

(A)   

(B)   

(C)   

(D)   

What is the derivative of 

(A)  

(B)  

(C)  

(D)  

What is the derivative of  ?

(A)  

(B)  

(C)  

(D)  



4.  Integration, 2UA 2015 HSC 10 MC

5.  Geometry and Calculus, 2UA 2005 HSC 2d

6.  L&E, 2UA 2009 HSC 2aii

7.  L&E, 2UA 2012 HSC 11d

8.  L&E, 2UA 2013 HSC 11d

The diagram shows the area under the curve    from    to  .

What value of  makes the shaded area equal to ?

(A)  

(B)  

(C)  

(D)  

Find the equation of the tangent to    at the point  .  (2 marks)

Differentiate with respect to .

.          (2 marks) 

Differentiate    .    (2 marks) 

Differentiate      (2 marks)

9.  L&E, 2UA 2013 HSC 11e

10.  L&E, 2UA 2007 HSC 2ai

11.  L&E, 2UA 2015 HSC 11e

12.  L&E, 2UA 2016 HSC 12d

Evaluate  .   (2 marks)

Find  .   (2 marks)

13.  L&E, 2UA 2004 HSC 3b

Find  .  (2 marks)

Evaluate  .  (3 marks)

14.  L&E, 2UA 2006 HSC 2b

15.  Geometry and Calculus, 2UA 2005 HSC 5c

Find     (2 marks)

Differentiate with respect to :

  (2 marks)

Differentiate  .  (2 marks)

i. Differentiate  
  (1 mark)

ii. Hence find the exact value of  

  (2 marks)

(i)

(ii)

 

(i)

(ii)

 

Find the coordinates of the point    on the curve    at which the tangent to the
curve is parallel to the line  .  (3 marks)



16.  Integration, 2UA 2010 HSC 4b

17.  Geometry and Calculus, 2UA 2010 HSC 2c

18.  L&E, 2UA 2011 HSC 4b

Sketch the line and the curve on one diagram.   (1 mark)

Find the coordinates of  .     (3 marks)

Find the value of  .   (1 mark)

19.  Geometry and Calculus, 2UA 2014 HSC 15c

The curves    and    intersect at the point   as shown in the diagram.

Find the exact area enclosed by the curves and the line  .          (3 marks)

Find the gradient of the tangent to the curve    at the point where  .     (2
marks) 

Evaluate     (2 marks)

The line    is a tangent to the curve    at a point  . 

(i)

(ii)

(iii)

20.  Integration, 2UA 2010 HSC 5c

21.  Integration, 2UA 2008 HSC 10a

The diagram shows the curve  , for  .

The area under the curve between    and    is  . The area under the curve
between    and    is  .

The areas    and    are each equal to  square unit.

Find the values of    and  .     (3 marks)

In the diagram, the shaded region is bounded by  , the  -axis and the line  
.

Find the exact value of the area of the shaded region.   (5 marks)



22.  Integration, 2UA 2015 HSC 16b

Show that the graph of    has a stationary point at  .  (2 marks)

By considering the gradient on either side of  , or otherwise, show that the
stationary point is a maximum.  (1 mark)

Use the fact that the maximum value of    occurs at    to deduce that  
  for all  .  (2 marks)

23.  Geometry and Calculus, 2UA 2004 HSC 9c

Use the trapezoidal rule with 3 function values to find an approximation to

Sketch the curve .   (1 mark)

   (2 marks)

State whether the approximation found in part (ii) is greater than or less than the exact
value of

24.  Integration, 2UA 2010 HSC 3b

. Justify your answer.   (1 mark)

A bowl is formed by rotating the curve    about the -axis for  

Find the volume of the bowl. Give your answer correct to  decimal place.  (3 marks)

Consider the function  , for  .

(i)

(ii)

(iii)

 

(i)

(ii)

(iii)

25.  Geometry and Calculus, 2UA 2009 HSC 10

(a)      Show that the graph of    has no turning points.   (2 marks)

(b)      Find the point of inflexion of  .     (1 mark)

(c)      (i) Show that   for  .   (1 mark)

     (ii) Let  . 

    Use the result in part (c)(i) to show that    for all  .   (2 marks)

(d)      On the same set of axes, sketch the graphs of    and    for  .  
 (2 marks)

(e)      Show that  .   (2 marks)

(f)      Find the area enclosed by the graphs of    and  , and the straight
line  .   (2 marks)
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1.  L&E, 2UA 2014 HSC 4 MC

2.  L&E, 2UA 2016 HSC 5 MC

3.  L&E, 2UA 2017 HSC 3 MC

4.  Integration, 2UA 2015 HSC 10 MC

Worked Solutions

 

 

5.  Geometry and Calculus, 2UA 2005 HSC 2d

6.  L&E, 2UA 2009 HSC 2aii

7.  L&E, 2UA 2012 HSC 11d

 

 

 

 

 

 

 



8.  L&E, 2UA 2013 HSC 11d

9.  L&E, 2UA 2013 HSC 11e

10.  L&E, 2UA 2007 HSC 2ai

 

 

 

 

 

11.  L&E, 2UA 2015 HSC 11e

12.  L&E, 2UA 2016 HSC 12d

13.  L&E, 2UA 2004 HSC 3b

 

 

 

i.  

 

 

ii.  

(i)   

  

 

(ii)  

  



14.  L&E, 2UA 2006 HSC 2b

15.  Geometry and Calculus, 2UA 2005 HSC 5c

(i)  

 

(ii)  

 

 

 

 

 

MARKER'S COMMENT: The
best responses used only a
single integral before any
substitution as shown in
Worked Solutions.

16.  Integration, 2UA 2010 HSC 4b

CAUTION: Read the question
carefully! MANY wasted
valuable exam time finding the
equation of the tangent here.

17.  Geometry and Calculus, 2UA 2010 HSC 2c

18.  L&E, 2UA 2011 HSC 4b

MARKER'S COMMENT: A
significant number of students
incorrectly integrated to get 

. Minimize the chance
for error by getting the integral

in the form of  before

integrating. 

 

 

 

 ²

   

 



♦ Mean mark 40%
COMMENT: Given 

, it follows 

. Make sure you understand
the arithmetic behind this (NB.
Simply take the  of both
sides).

19.  Geometry and Calculus, 2UA 2014 HSC 15c

(i) 

(ii)

 

 

 

 

(iii)

♦♦ Mean mark 30%.

IMPORTANT: Note when 
, the definition of a

log means that . Many
students failed to earn an easy
3rd mark by recognising this.

20.  Integration, 2UA 2010 HSC 5c

 

 

 



21.  Integration, 2UA 2008 HSC 10a

 

 

 

 

 

 

 

  

 ²

♦ Mean mark 38%.

22.  Integration, 2UA 2015 HSC 16b

23.  Geometry and Calculus, 2UA 2004 HSC 9c

 

 

 

 

 

 

 

 

 

 

 

³

(i)     



 

 

 

 

 

(ii)   

 

MARKER'S COMMENT: Very
challenging for most students.
Successful students
recognised the link to part (ii).

 

 

(iii)  

  

 



MARKER'S COMMENT: Many
students failed to illustrate
important features in their
graph such as the concavity, -
axis intercept and -axis
asymptote (this can be
explicitly stated or
made graphically clear).

24.  Integration, 2UA 2010 HSC 3b

♦♦♦ Mean mark 12%.

(i)

 

(ii)    

 

 

 

 ²    

 

(iii)

 

♦♦ Mean mark 28% for all of
Q10 (note that data for each
question part is not available).

25.  Geometry and Calculus, 2UA 2009 HSC 10

MARKER'S COMMENT: Best
responses commented on
concavity and that the trapezia
lay beneath the curve.
Diagrams featured in the best
responses.

 

(a)   

 

 

 

 

(b)   

 

 



MARKER'S COMMENT: When
2 graphs are drawn on the
same set of axes, you must
label them. 

 

 

(c)(i)    

 

 

 

(c)(ii)  

 

 

 

(d) 

(e)   

 

 

 

 

 

(f)   

  

  

  

  

  

  ²
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