TT F4 Ch7 Exponential Functions-Notes

S.4 Mathematics
Ch7 Exponential Functions

A. Section 7.0 Review (Laws of integral Indices)

I. Pre-lesson

1. a"=axaxax..xa (ntimes) 5. a"=+a"=a""
2. a’=1 6. (@™)" =a™
o 7. (ab)" =a"b"
3. a =
a n
a, a
4. axa® =q™" 8. (Z) =_b_,,

Please refer to the textbook P.2 — 3, simplify each of the following and express the answers with positive

indices.
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6. (a) 3%7.57 b) 4%.7%
C.The n-th Root

sy, then x =%y we call x is nth root of y.
e.g '.(-3)=-243
. —3isaS5®root of — 243,

eg (-2)*=16 and ()*=16
.. —2and 2 are 4% root of 16.

eFor n is an odd number, there is ONE answer for x

eFor n is an even number, there are TWO answers for x, one is positive and one is negative.




B. Section 7.1 Rational Indices

1. Please refer to the textbook P.4 - 6. E#E

2. Video from Identity: Definition of Rational Indices https://youtu.be/R63mKSA93Wk fﬁ%z&
[=

[x]ie? [w]
Law of Rational Indices https://voutu.be/TcRGILzsfUs %?%
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I. Pre-lesson

For y # 0 and where n is a positive integer, we define the rational indices as follows:

1 m

y;=’{/; and y7=§/y—'"

m

1. Express the following in the form a* , where m and 7 are positive integers.

@ va = © Vo> =
® Ya = ® % _
© & = ® (STL); _
@ Y& - () (Tal)— )

2. Find the values of the following without using calculator.

@ ¥256 = © 125 -
; _ 64,5 _

b) V8 = ® (125)

(© ¥-64 = _ @® 817 =

@ -481



II. Teaching example and classwork

3.  Simplify the following expressions and express your answers with positive indices.

@) (aZJ ®) (@)} (© i

a?

4. Simplify the following expressions and express your answers with positive indices.

@ x*-x (b) Ya

8a3
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5. Simplify the following expressions and express your answers with positive indices.

(@ (a'g X \/;J (b) (mn)% + (3;/«/%;
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6. Simplify the following expressions and express your answers with positive indices.

49" (3271 )(23n)
8. 4" +1 c e )
(a) 7n+1 (b) ( ) 12n
T L . a5 s g
7. Simplify and express your answers with positive indices.
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C. Section 7.2 Exponential Functions and Their Graphs

1. Please refer to the textbook P.13 — 15.
2. Video from Identity: https:/youtu.be/WIN72t371FA

I. Pre-lesson

o)
/

(0, 1)

The graph cuts the y-axis at

The graph never cuts the

. It lies above the x-axis.

The graph has neither a maximum point, a minimum point nor an axis of

symmetry.
The value of y asx The value of y asx
increases. increases.

The value of y gets closer and
closer to asx
decreases indefinitely.

As x increases, the rate of increase

of y becomes greater.

The value of y gets closer and
closer to asx

increases indefinitely.

As x increases, the rate of decrease

of y becomes smaller.

Note:

The graphs of y=a* and

the y-axis.

show reflectional symmetry with each other about




1. Which of the following are exponential functions of real numbers x? (Put a ‘v” in the appropriate box.)
@ f()=x" ] () f(x)=0.001" ]
© f®=5 [] @ f(x)=4 L]

2. In each of the following, determine whether the graphs of two given functions have reflectional

symmetry about the y-axis, and put a ‘v” in the appropriate box.

Yes No

@@ y=09% and y=-09* L] []
o v el

=i y=|z [] ]

() y=8 and y=8~" L] ]

@ y=04" and y=25* ] n

II. Teaching example and classwork

x

3. Giventhat f(x)=2(3") and g(x) = O'; , find the values of the following expressions.

(Give your answers correct to 3 significant figures if necessary.)

@ SfD)+egd () 27(0)-g-1) © f(.5)+3g(-0.5)



4. If f(x)= a(%) and f(2) =9, find the value of a.

5. TItis given that f(x)=0.25(k*) (where k >0) and f(2) = 25. Find the values of
100 £(0.5)
k, —
(@) (b) 0

(Leave your answers in surd form if necessary.)
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6. Itis giventhat f(x)=2(3") and g(x) = (—g)x :

(a) Find the values of the following expressions.

. ()
® 5/(2)+5¢(2) (i) 205)

(Leave your answers in surd form if necessary.)
(b) If 2f(k)eg(-1)=45, find the value of .



7. The figure shows the graph of y =3*.

(a) Using the graph, find the values of
-0.8
O 3, @ (5]
(b) Solve the following equations graphically.
@ 3*=10 (i) 3*=24
2 X
8. The figure shows the graph of y = 3]
(a) Using the graph, find the values of
5
-0.4 =
2 .. 512
i —{ il =
® P (i) >
() Solve the following equations graphically.
2 x

O |7) =4 () 0.4%=7




9. The two curves C; and C; in the figure represent the graphs of the

exponential functions y = 0.25* and y = b* respectively, where b is a @ 1 N
positive constant. C1 and Csintersect at P. C) is the reflection image of C,
with respect to the y-axis.
(a) Find the coordinates of P.
(b) Find the value of 5. P
=>x
(0]

10. The two curves in the figure represent the graphs of the exponential
functions y = 3* and y = 7*. Write down the corresponding exponential
functions for C; and C.

11. The two curves in the figure represent the graphs of the exponential Cs
functions y = (%J and y = 8*. Write down the corresponding

exponential functions for Cs3 and Ca.

—>X

12. The two curves in the figure represent the graphs of the exponential Cs
functions y = 0.3*and y =@—) . Write down the corresponding

exponential functions for Cs and Cs.

—>-X
o
G A
\ > X
0]
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13. The figure shows the graphs of y = a* and y = b*, where a and b are
positive constants. It is given that the graph of y = g* passes through
-2,9).

(a) Find the value of a.
(b) If the graph of y = b* is the reflection image of the graph of y = ¢* with
respect to the y-axis, find the value of b.

14. The figure shows the graphs of the exponential functions y = &*, y = b* and
y = 4%, where a and b are positive constants. The graph of y = o* is the
reflection image of the graph of y = 4* with respect to the y-axis.

(a) Find the value of a.

(b) Is the value of b greater than %? Explain your answetr.

0 —>X

>X




Applications of Exponential Functions

Exponential Functions are common in real life. It is widely used in mathematics and Science, for

example, the growth of population, compound interest, the reproduction of bacteria etc.

15. The number of visitors in a city is 56 000 at present. The number N of visitors in the city after # months
can be represented by the following formula:

N = k(1.03)!, where k is a constant.

(a) Find the value of %.

(b) Find the number of visitors in the city after one year, correct to the nearest 1 000.

15.



16. A country starts a new policy for car taxation. The number N of cars sold by a car company in the mth
year after the start of the new policy can be estimated by the following formula:
N=5000£", where k is a positive constant.
It is known that the number of cars sold by the company in the 4th year after the start of the new policy
is 2 048.
(@) Find the value of £.
(b) Isit possible for the company to sell over 5 000 cars in a certain year after the start of the new
policy? Explain your answer.
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17. A bank offers an investment plan. If a customer invests $P for the plan, the total amount $4 received by
the customer after # years can be represented by the following formula:
A = PEK", where k is a constant.
Peter invests $20 000 for the plan. It is known that the total amount received by him will be $26 620

after 3 years.

() Find the value of %.
(b) Peter claims that he will earn by more than 60% after 5 years from his investment amount. Do you

agree? Explain your answer.
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D. Past Paper

[HKCEE 2011(1)]
[HKCEE 2007(1)] 1
. L 6. (B)*(C)™ =
1. Ifnis apositive integer, then 3°".4" = 5
A. 6. A. -5.
B. 6. B. -0.2.
C. 12™. C. 0.
D 123n . D 5 .
[HKCEE 2008(1)]
- - [HKCEE 2011(38)]
2. (5) 2™ = 7. The figure shows the graph of y =77%.
A. -2, IN
B. -05.
C. O
D. 0.5.
y=7" R
[HKCEE 2009(1)] —
3. 2"e3"= © *
a8 . ' The coordinates of R are
B. 6n : A, (@1,0).
E- z - B. (0,1).
. A C. (7,0).
[HKCEE 2010(2)] D (sdle
4. (_;_) 500 (3500)3 —
Y [DSE 2012SP(1)]
B. 350 8. (%) ’ead’=
C. 6 . A. 3d°.
D. 18%% B. 6a° .
C. 9a°.
[HKCEE 2010(39)] D. 9a°.
5. Ifaandb are positive, the % + ﬁ =
a a
i [DSE 2012 PP(1)]
A. P 9. x’(2x+x)=
4
. «/a_b— A, 3x".
: b * B. 2)6'5 .
C. 3x°.
C. @. D. 2x°
ab ’
3
p32E
b




[DSE 2012(1)] [DSE 2017(2)]

(2364)3 B 1) _
10. Py = 15. 955 3
A, 3x%. A. 0.
B. 3x’. B, .
C 4 . 3111
. X . 1
D. 4x%. C. 37
1
D. &
[DSE 2013(1)] 3
11. (27-9™)° =
6n+12
Ao 3T [DSE 2018(1)]
B. 36n+15 . 82n+1
g, 3% 16. 4341 =
In+18
2 3 ) A. 1.
B. 2.
[DSE 2014(1)] g' j
12. 2r’)°= ' '
1
A. 5
32n°
B. 51? [DSE 2020(33)]
ln 17. The figure shows the graph of y =a"and
C. Tk y = b* on the same rectangular coordinate
5 1 system, where a and b are positive constants.
Co10n* If the graph y=a” is the reflection image

of the graph of y =b" with respect to the

[DSE 2015(2)] y-axis, which of the following are true?
S L o5
13. ——= mn b>1

2
3y " M. ab=1

. : A. Tand II only B. IandIII only
4y~ C. Il and I1I only D. I IlandII
27y12' y=a* 2\ y=b*

27 y22

oawp

[DSE 2016(1)]
14 8222 . 5666 —
A, 1Q%,
B. 10%8
C. 40%¢,
D 40888 . - >
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Note:
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