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Exponential, Logarithmic &Trigonometric Derivatives  
 
 
 
Tentative TEST date_______________ 
 

Big idea/Learning Goals 
The world’s population experiences exponential growth—the rate of growth becomes more rapid as the size of the population 
increases. Can this be explained in the language of calculus? Well, the rate of growth of the population is described by an 
exponential function, and the derivative of the population with respect to time is a constant multiple of the population at any 
time t. There are also many situations that can be modelled by trigonometric functions, whose derivative also provides a model 
for instantaneous rate of change at any time t. By combining the techniques in this unit with the derivative rules seen earlier, 
we can find the derivative of an exponential, logarithmic or trigonometric function that is combined with other functions.  
 
 
Corrections for the textbook answers: 

 
 
 
 

Success Criteria 
 

� I understand the new topics for this unit if I can do the practice questions in the textbook/handouts 
 

Date pg Topics 
# of quest. done? 
You may be asked to 
show them 

 3-6 
Natural Exponential and Logarithmic Derivatives 
5.1 & Appendix of textbook p 571-575 

 

 7-9 
Exponential and Logarithmic Derivatives of any Base 
5.2 & 5.3 & Appendix of textbook p 576-578 

 

 10-12 
Trigonometric Derivatives 
5.4 & 5.5 

 

 13-15 
Related Rates – 2 days 
Appendix of textbook p 565-570 

 

  
Review of All Derivatives 
- Handouts online 

 

 

 

Reflect – previous TEST mark ___________, Overall mark now___________. 
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Derivative Formulas 

 In the following, u and v are functions of x,  and  n, e, a, and k are constants. 

 

The Definition of the Derivative 

 

The derivative of a constant is zero. 

 

The derivative of a constant times a function. 

 

The Power Rule (Variable raised to a constant). 

 

The Product Rule. 

 

The Quotient Rule. 

 

The Chain Rule. 

 

Another Form of the Chain Rule. 

 

The Derivative of the Sine. 

 

The Derivative of the Cosine. 

 

The Derivative of the Tangent. 

 

The Derivative of e raised to a variable 

 

The Derivative of a constant raised to a variable. 

 

The Derivative of the Natural Log. 

 

The Derivative of the log to base a 

others: 
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Natural Exponential and Logarithmic Derivatives  

 
 1. Show the applet of an exponential function and its 

derivative. For what value of the base does the 
derivative and the function become the same? 

 

2. This special value is given the name 
__________________________, it is defined to be a  
 

number such that 
xx

ee
dx

d
=)( . 

 
3. Recall that exponentials and logarithms are _________________________.   

Here are some properties of the natural exponential and natural logarithm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Recall also the following exponent and log rules: 
Exponent Rules      Log Rules 

 
 
 
 
 
 
 
 

   
 

If 1, log log

If 1, log log

b b

a b

b x y x y

x x x a b

≠ = ⇔ =

≠ = ⇔ =
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Review how to work with the laws: 

 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. So derivative of ( ) xf x e=  is the same as the function. (Remember the number e was chosen so that this occurs). 

Use this fact and the fact that logs are inverses of exponentials to figure out what the derivative of natural logarithm 

( ) lnf x x=  is. (The answer is on the formula page 2 but show a proof here) 
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Now practice finding the derivative 
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Exponential and Logarithmic Derivatives of any Base 

1. Can we somehow use the chain rule in combination with our knowledge of how to differentiate 
xexf =)(  to help us 

to differentiate 
xaxf =)( ? 

 

 

 

 

 

 

 

 

 

 
 
 

2. And the general derivative of any base of a logarithm proof: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8 | U n i t  9  12CV Date:___________   Name: _______________________ 
 

8 
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3. If 
22t ty te e t= − −  represents the movement (distance to the origin) of a particle along a straight line.   

a. When does velocity equal to zero?  
b. Is there a maximum or minimum distance to the origin? 
c. Find the acceleration function. 
d. Is there a maximum or minimum velocity? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. When a particular medication is swallowed by a patient, the concentration of the active ingredient, in parts per million, 

in the bloodstream is given by the equation ( ) ( )150 0.5
t

C t t= , after t hours. 

a. What is the highest concentration of the medicine? 
b. How fast is the concentration decreasing after 2 hours? 
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Trigonometric Derivatives 
Here are some formulas you should have seen before: 
Cosine Laws    Sine Law   Circles    

2 2 2 2 cosc a b ab C= + −   
sin sin sinA B C

a b c
= =      sin

opp y

hyp r
θ = =  

   Pythagorean      cos
adj x

hyp r
θ = =  

     
2 2 2

a b c+ =    2 2 2
x y r+ =   tan

opp y

adj x
θ = =  

     

 
Proving the derivatives for sine and cosine involves the following limit properties. (Check out derivatives unit in AP course online if you’re interested) 

1
sin

lim
0

=
→ θ

θ

θ
                         0

1cos
lim

0
=

−

→ θ

θ

θ
  

These are not necessary to know for this course, so I’ll just show you the visual proof using technology.   
 
Now using sine and cosine derivatives prove the derivative of tangent shown on the formula page. 
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Review how to solve trig equations 

a. (2sin 1)(2cos 2) 0θ θ+ + =  b. ( 3 tan 1)(sec 1) 0θ θ− + =  c. 
23sin 2cosx x=  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Differentiate 
1. cos3y x=  2. 2siny xπ=  

3. 3 2cos ( )y x xπ= +  4. 3 22sin 4cosy x x= −  
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Differentiate 
5. 3 cosy x x=  6. 1 tan( )y x xπ−

= −  

7. 0.5 tan 2y xπ=  8. tan sin 2y x x=  

9. 

 

10. 
 

11. 

 

12. 
 

13. 
 

14. 

 
15. 

 
16. 
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Related Rates 
 

1. Review the importance of Leibniz notation and find the following derivatives for
2 3 23a a b ab+ = −  

  

a. 
2 3 23

d
a a b ab

da
 + = −   

b. 
2 3 23

d
a a b ab

db
 + = −   

c. 
2 3 23

d
a a b ab

dx
 + = −   if ( )a x  and ( )b x  

 

 

 

 

 

2. Air leaks out of a balloon at a rate of 3 cubic feet per minute.  How fast is 

the surface area shrinking when the radius is 10 feet?  (Note: SA = 4πr²  &  

V = 4/3 πr³) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Steps 
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3. A small balloon is released at a point 150 feet away from an observer, who is on level ground.  If the balloon goes straight up at a 

rate of 8 feet per second,  

a. How fast is the distance from the observer to the balloon increasing when the balloon is 50 feet high?   

b. How fast is the angle of elevation increasing? 
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4. Water is pouring into a conical cistern at the rate of 8 cubic feet per minute.  If the height of the cistern is 12 feet and the radius 

of its circular opening is 6 feet, how fast is the water level rising when the water is 4 feet deep? 

 

 

 

 

 

 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 



16 | U n i t  9  12CV Date:___________   Name: _______________________ 
 

16 

 

 
5. The radius of a cylinder is decreasing at a rate of 1cm/min.  The height remains the same at 20cm.  How fast is the volume 

changing when the radius is 12cm? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. A particle P is moving along the graph of 
2 4y x= − ,   x ≥ 2, so that the x coordinate of P is increasing at the rate of 5 units 

per second.  How fast is the y coordinate of P increasing when x = 3? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


