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6.3 The function ln x and its graph
You are expected to know
· 
that ln x is the inverse function of 
· 
how to solve equations of the form  
· 
how to solve equations of the form 


The logarithm of x to the base e is written as ln x. This is called the natural logarithm and is the same as . The rules of logarithms apply to ln x, so we have the following formulas.








The graphs of the functions  and  are shown on the diagram.
[image: ]

passes through (1, 0) and has the y-axis as an asymptote.

passes through (0, 1) and has the x-axis as an asymptote.





Each graph is a reflection of the other graph in the line x = y. The functions  and  are each other’s inverses.
When you apply a function to x and then apply the inverse function, you get back to x. This gives the following two formulas.


 




These two formulas can be used to solve equations of the form  and .


Examples

[bookmark: _GoBack]Example 1	Solve . 
Give your answer to 3 significant figures. 

	







	
Take natural logarithms on both sides. 

Use the formula .
Rearrange and use your calculator.





Example 2	Solve .
Give your answer to 3 significant figures. 

	







	
Raise to the power of e on both sides. 

Use the formula .
Rearrange and use your calculator.






Example 3	Solve . 
	Give your answer in the form a ln 2 + b, where a and b are rational numbers.

	





	Take natural logarithms on both sides. 

Use the formula  and note that 16 = 24. 

Use .
Finally rearrange.




[image: ]Exercise

1.	The diagram shows a sketch of the graph of . 
	Sketch and label the graphs for the following.

	(a)	

	(b)	

2.	Solve the following equations, giving your answers to 3 significant figures.

	(a)	

	(b)	

	(c)	
3.	Solve the following equations, giving your answer in exact form.

	(a)	

	(b)	

	(c)	

4.	The mass, m grams, of a seed t days after it has been harvested is modelled by  where d and k are positive constants.
	When the seed is harvested, its mass is 10 grams and 20 days later its mass is 5 grams.
	(a)	Write down the value of d.

	(b)	Show that .
	(c)	Find the mass after 70 days. Give your answer to 2 significant figures.
	(d)	Comment on the suitability of the model.
	(e)	Suggest an improvement to the model.

5.	Find the exact solution to the equation .



Answers


1. 	For  reflect  in the x-axis.


[image: ]	For  reflect  in the y-axis.


2.	(a)	

	(b)	

	(c)	

3.	(a)	

	(b)	

	(c)	
4.	(a)	d = 10

	(b)	

	(c)	. The mass is 0.88 grams.
	(d)	According to the model, the value of the mass will become nothing eventually, this is not realistic.
	(e)	At some stage the seed will not get lighter anymore. So, assuming that its final weight is reached after 20 days, the model could be 

		

5.	



[image: ]
image2.wmf
e

axb

p

+

=


image48.wmf
1

20

ln2

k

=


oleObject46.bin

image49.wmf
53

2e7

xx

+

=


oleObject47.bin

image50.wmf
ln

yx

=-


oleObject48.bin

image51.wmf
ln

yx

=


oleObject49.bin

image52.png
v=Inx





image53.wmf
(

)

ln

yx

=-


oleObject2.bin

oleObject50.bin

image54.wmf
ln

yx

=


oleObject51.bin

image55.wmf
(

)

53

ln53

lneln553ln50.922

5

x

xx

-

+

=Þ-=Þ==


oleObject52.bin

image56.wmf
7

ln(53)77

e3

ee53e219

5

x

xx

+

-

=Þ+=Þ==


oleObject53.bin

image57.wmf
2.5

2.5

e2

ln(32)2.532e4.73

3

xxx

+

-=Þ-=Þ==


oleObject54.bin

image58.wmf
ln(5)333

ln(5)3ee5e5e

x

xxx

-+

-+=Þ=Þ-+=Þ=-


image3.wmf
ln()

axbq

+=


oleObject55.bin

image59.wmf
(

)

4747

ln57

e5lneln547ln5

4

xx

xx

++

-

=Þ=Þ+=Þ=


oleObject56.bin

image60.wmf
2323

2ln31

7e217e3123ln31

3

xx

xx

--

-

=Þ=Þ-=Þ=


oleObject57.bin

image61.wmf
20201

111

2220

e510ee20lnln2ln2ln2

ktkk

mdkk

--´--

=Þ=Þ=Þ-===-Þ=


oleObject58.bin

image62.wmf
(

)

(

)

11

2020

ln2ln270

10e10e0.88

t

m

--´

===


oleObject59.bin

image63.wmf
(

)

1

20

ln2

10e for 020 and 5 for 20

t

mtmt

-

=££=³


oleObject3.bin

oleObject60.bin

image64.wmf
(

)

(

)

(

)

(

)

53

53

53

2e7

ln2eln7

ln2lneln7

ln253ln7

ln25ln73

ln73

ln25

xx

xx

xx

xx

x

x

+

+

+

=

Þ=

Þ+=

Þ++=

Þ+=-

-

Þ=

+


oleObject61.bin

image4.wmf
e

log

x


oleObject4.bin

image5.wmf
(

)

lnlnln

xyxy

+=


oleObject5.bin

image6.wmf
lnlnln

x

xy

y

æö

-=

ç÷

èø


oleObject6.bin

image7.wmf
lnln

k

kxx

=


oleObject7.bin

image8.wmf
ln

yx

=


oleObject8.bin

image9.wmf
e

x

y

=


oleObject9.bin

image10.png




image11.wmf
ln

yx

=


oleObject10.bin

image12.wmf
e

x

y

=


oleObject11.bin

image13.wmf
ln

yx

=


oleObject12.bin

image14.wmf
e

x

y

=


oleObject13.bin

image15.wmf
(

)

lne

x

x

=


oleObject14.bin

image16.wmf
ln

e

x

x

=


oleObject15.bin

image17.wmf
e

axb

p

+

=


oleObject16.bin

image18.wmf
ln()

axbq

+=


oleObject17.bin

image19.wmf
23

e15

y

+

=


oleObject18.bin

image20.wmf
23

e15

y

+

=


oleObject19.bin

image21.wmf
(

)

23

lneln15

y

+

=


oleObject20.bin

image22.wmf
23ln15

y

+=


oleObject21.bin

image23.wmf
ln153

0.146

2

y

-

==-


oleObject22.bin

image24.wmf
(

)

lne

x

x

=


oleObject23.bin

image25.wmf
(

)

ln347

m

-=


oleObject24.bin

image26.wmf
(

)

ln347

m

-=


oleObject25.bin

image27.wmf
(

)

ln34

7

ee

m

-

=


oleObject26.bin

image28.wmf
7

34e

m

-=


oleObject27.bin

image29.wmf
7

e4

367

3

m

+

==


oleObject28.bin

image30.wmf
ln

e

x

x

=


oleObject29.bin

image31.wmf
61

e16

x

-

=


oleObject30.bin

image32.wmf
(

)

61

61

e16

lneln16

x

x

-

-

=

=


oleObject31.bin

image33.wmf
4

61ln2

         4ln2

x

-=

=


oleObject32.bin

image34.wmf
21

36

64ln21

ln2

x

x

Þ=+

Þ=+


oleObject33.bin

image35.wmf
(

)

lne

x

x

=


oleObject34.bin

image36.wmf
lnln

k

xkx

=


oleObject35.bin

image37.png
y=Inx




image1.wmf
e

x


image38.wmf
ln

yx

=


oleObject36.bin

image39.wmf
ln

yx

=-


oleObject37.bin

image40.wmf
(

)

ln

yx

=-


oleObject38.bin

image41.wmf
53

e5

x

-

=


oleObject39.bin

image42.wmf
ln(53)7

x

+=


oleObject40.bin

oleObject1.bin

image43.wmf
2ln(32)5

x

-=


oleObject41.bin

image44.wmf
ln(5)3

x

-+=


oleObject42.bin

image45.wmf
47

e5

x

+

=


oleObject43.bin

image46.wmf
23

7e217

x

-

=


oleObject44.bin

image47.wmf
e

kt

md

-

=


oleObject45.bin

image65.jpeg




image66.png




