


 



Praise for the Manga Guide series

“A fun and fairly painless lesson on what many consider to be a less-than-
thrilling subject.” 
—school library journal

“This is really what a good math text should be like. . . . It presents statis-
tics as something fun, and something enlightening.”
—good math, bad math

“The most enjoyable tech book I’ve ever read.” 
—linux pro magazine

“If you want to introduce a subject that kids wouldn’t normally be very 
interested in, give it an amusing storyline and wrap it in cartoons.”
—make

“This is a solid book and I wish there were more like it in the IT world.” 
—slashdot

“Great for anyone wanting an introduction or a refresher on statistics.”
—parenting squad

“A light, impressively non-oppressive read, 
especially considering the technical nature of 
its subject.” 
—ain’t it cool news

“Makes accessible a very intimidating subject, 
letting the reader have fun while still deliver-
ing the goods.” 
—geekdad, wired.com

“Definitely way better than trying to compre-
hend a bland statistics book.”
—dr. dobb’s codetalk 

“I would have killed for these books when 
studying for my school exams 20 years ago.” 
—tim maughan

“An awfully fun, highly educational read.”
—Frazzleddad

Wow!
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Preface

There are some things that only manga can do.
You have just picked up and opened this book. You must be 

one of the following types of people.
The first type is someone who just loves manga and thinks, 

“Calculus illustrated with manga? Awesome!” If you are this type 
of person, you should immediately take this book to the cashier—
you won’t regret it. This is a very enjoyable manga title. It’s no 
surprise—Shin Togami, a popular manga artist, drew the manga, 
and Becom Ltd., a real manga production company, wrote the 
scenario. 

“But, manga that teaches about math has never been very 
enjoyable,” you may argue. That’s true. In fact, when an editor at 
Ohmsha asked me to write this book, I nearly turned down the 
opportunity. Many of the so-called “manga for education” books 
are quite disappointing. They may have lots of illustrations and 
large pictures, but they aren’t really manga. But after seeing a 
sample from Ohmsha (it was The Manga Guide to Statistics), I 
totally changed my mind. Unlike many such manga guides, the 
sample was enjoyable enough to actually read. The editor told me 
that my book would be like this, too—so I accepted his offer. In 
fact, I have often thought that I might be able to teach mathemat-
ics better by using manga, so I saw this as a good opportunity to 
put the idea into practice. I guarantee you that the bigger manga 
freak you are, the more you will enjoy this book. So, what are you 
waiting for? Take it up to the cashier and buy it already!

Now, the second type of person is someone who picked up this 
book thinking, “Although I am terrible at and/or allergic to calcu-
lus, manga may help me understand it.” If you are this type of per-
son, then this is also the book for you. It is equipped with various 
rehabilitation methods for those who have been hurt by calculus 
in the past. Not only does it explain calculus using manga, but 
the way it explains calculus is fundamentally different from the 
method used in conventional textbooks. First, the book repeatedly 
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presents the notion of what calculus really does. You will never 
understand this through the teaching methods that stick to limits 
(or ε-δ logic). Unless you have a clear image of what calculus really 
does and why it is useful in the world, you will never really under-
stand or use it freely. You will simply fall into a miserable state of 
memorizing formulas and rules. This book explains all the formu-
las based on the concept of the first-order approximation, helping 
you to visualize the meaning of formulas and understand them 
easily. Because of this unique teaching method, you can quickly 
and easily proceed from differentiation to integration. Further-
more, I have adopted an original method, which is not described in 
ordinary textbooks, of explaining the differentiation and integra-
tion of trigonometric and exponential functions—usually, this is 
all Greek to many people even after repeated explanations. This 
book also goes further in depth than existing manga books on 
calculus do, explaining even Taylor expansions and partial dif-
ferentiation. Finally, I have invited three regular customers of 
calculus—physics, statistics, and economics—to be part of this 
book and presented many examples to show that calculus is truly 
practical. With all of these devices, you will come to view calculus 
not as a hardship, but as a useful tool.

I would like to emphasize again: All of this has been made 
possible because of manga. Why can you gain more information 
by reading a manga book than by reading a novel? It is because 
manga is visual data presented as animation. Calculus is a branch 
of mathematics that describes dynamic phenomena—thus, calcu-
lus is a perfect concept to teach with manga. Now, turn the pages 
and enjoy a beautiful integration of manga and mathematics.

Hiroyuki Kojima

November 2005

Note: For ease of understanding, some figures are not drawn 
to scale.
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The Asagake 
Times’s sanda-cho 

Office must be 
around here.

Just think — me, 
Noriko Hikima, a 
journalist! My 
career starts 

here!

It’s a small 
newspaper and 
just a branch 
office. But I’m 

still a journalist!

I’ll work 
hard!!
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sanda-cho Office...
do I have the 
wrong map?

a newspaper 
distributor?

You’re looking 
for the sanda-cho 

branch office? 
Everybody mistakes 
us for the office 
because we are 

larger.

It’s next 
door.

The Asagake Times 
sanda-Cho Distributor
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Don’t...don’t get 
upset, Noriko.

It’s a branch 
office, but it’s 
still the real 
Asagake Times.

Whoosh

Oh, no!! 
It’s a prefab!

The Asagake Times 
sanda-Cho Branch Office
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Good 
morning!

Here goes 
nothing!

I’m dea---d.
lunch 

delivery?

Zzzzzzz...

Fling
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Will you 
leave it, 
please?

Wait, what?

Oh, you have 
been assigned 

here today.

I’m Noriko 
Hikima.

long trip, 
wasn’t it? I’m 

Kakeru seki, the 
head of this 

office.

The big guy there 
is Futoshi Masui, 
my only soldier.

Just 
two of 
them...
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This is a good 
place. a perfect 
environment for 
thinking about 

things.

Thinking...?
Yes! Thinking 
about facts.

a fact is somehow 
related to 

another fact.

unless you understand 
these relationships, 
you won’t be a real 

reporter.

True journalism!!



Well, you 
majored in the 

humanities.
Yes! That’s 

true—I’ve studied 
literature since 
I was a junior in 

high school.

You have a lot of 
catching up to do, 
then. let’s begin 
with functions.

Fu...functions? 
Math? What?

When one thing 
changes, it influences 

another thing. 
a function is a 
correlation.

You can think of 
the world itself as 
one big function.

a function describes a 
relation, causality, or 

change.

as journalists, 
our job is to find 
the reason why 
things happen—
the causality.

Yes...
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Did you know a 
function is often 

expressed as 
y = f(x)?

Nope!!

For example, 
assume x 
and y are 
animals.

assume x is a frog. If 
you put the frog into 
box f and convert it, 
tadpole y comes out 

of the box.

But, uh...
what is f  ?

The f stands for 
function, naturally.

f is used to show that 
the variable y has a 

particular relationship 
to x.

and we can 
actually use any 
letter instead 

of f.

Animal yAnimal x f
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In this case, f 
expresses the 
relationship 

or rule 
between 

“a parent” 
and “an 

offspring.”

and this 
relationship is 
true of almost 
any animal. If x 
is a bird, y is a 

chick.

Okay! Now 
look at this.

For example, 
the relationship 
between incomes 
and expenditures 
can be seen as a 

function. like how when 
the sales at a 
company go up, 
the employees 
get bonuses?

The speed of sound 
and the temperature 

can also be expressed 
as a function. When 

the temperature goes 
up by 1°C, the speed 

of sound goes up by 
0.6 meters/second.

and the 
temperature in the 
mountains goes 
down by about 

0.5°C each time you 
go up 100 meters, 

doesn’t it?

an offspring
a parent

Yoo-

hoo!

Caviar 

Sales 

Down 

During 

Recession

X-43 Scram Jet 

Reaches Mach 9.6 — 

New World Record
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Do you get it? We 
are surrounded by 

functions.

I see what 
you mean!

We have plenty 
of time here to 

think about these 
things quietly.

The things you 
think about here 

may become useful 
someday.

It’s a small 
office, but I hope 
you will do your 

best.
Yes... 

I will.

Whoa!

Plomp!



Ouch...

are you all 
right?

Oh, lunch is here 
already? Where is my 

beef bowl?

Futoshi, lunch 
hasn’t come 
yet. This is...

Not yet? Please 
wake me up when 

lunch is here. 
Zzz...

No, Futoshi, 
we have a 

new...

Has lunch 
come?

No, not yet.

Zzz...

Flop

12 Prologue
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Table 1: Characteristics of Functions

subject Calculation Graph

Causality The frequency of a cricket’s chirp is 

determined by temperature. We can 

express the relationship between 

y chirps per minute of a cricket at 

temperature x°C approximately as

x = 27° 7 × 27 − 30

y g x x= ( ) = −7 30

The result is 159 chirps a minute.

When we graph these 

functions, the result is 

a straight line. That’s 

why we call them linear 

functions.

x

y

0

Changes The speed of sound y in meters per sec-

ond (m/s) in the air at x°C is expressed as 

y v x x= ( ) = +0 6 331.

At 15°C, 

y v= ( ) = × + =15 0 6 15 331. 340 m/s

At −5°C, 

y v= −( ) = × −( ) + =5 0 6 5 331. 328 m/s

Unit 

Conversion

Converting x degrees Fahrenheit (°F) into 

y degrees Celsius (°C) 

y f x x= ( ) = −( )
5

9
32

So now we know 50°F is equivalent to

5

9
50 32 10−( ) = °C

Computers store numbers using a binary 

system (1s and 0s). A binary number with 

x bits (or binary digits) has the potential 

to store y numbers. 

y b x x= ( ) = 2

(This is described in more detail on 

page 131.)

The graph is an expo-

nential function.

x

y

10

1024

1

0
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P(x) cannot be expressed by a known function, but it is still a function.
If you could find a way to predict P(7), the stock price in July, you could 

make a big profit.

Exercise

1. Find an equation that expresses the frequency of z chirps/minute of a 
cricket at x°F.

The stock price P of company A in month x in 2009 is
y = P(x)

1 2 3 4 5 6

300

200

100

Month

Y
e
n

fx f(x) g( f(x))g

A composite function
of f and g

The graphs of some functions cannot be expressed 
by straight lines or curves with a regular shape.

Combining two or more functions is called “the 
composition of functions.” Combining functions 

allows us to expand the range of causality.
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all right, I’m 
done for the 

day.

Noriko, I heard 
a posh Italian 

restaurant just 
opened nearby. 
Would you like 

to go?

Wow! I love 
Italian food. 

let's go!

But...you’re 
finished 
already? 

It’s not even 
noon.

This is a 
branch office. 

We operate 
on a different 

schedule.

Tap-
Tap

approximating with Functions

The Asagake Times 
sanda-Cho Office
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Do you...do 
you always 
file stories 

like this?

local news like 
this is not bad. 
Besides, human-
interest stories 

can be...

Politics, foreign 
affairs, the 
economy... I want to 

cover the 
hard-hitting 

issues!! ah...that’s 
impossible.

G
li
m
p
s
e

To: Editors

subject: Today’s Headlines

a Bear Rampages in a House again—No Injuries
The Reputation of sanda-cho Watermelons Improves in the Prefecture

Conk
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It’s not like a 
summit meeting 
will be held 
around here.

Nothing exciting 
ever happens, 
and time goes 

by very slowly.

I knew it.  
I don’t wanna work 

here!!

Noriko, you can 
still benefit 
from your 

experiences 
here.

I don’t know 
which beat you 
want to cover,

but I will train you 
well so that you 

can be accepted at 
the main office.

Om 

Nom 

Nom
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By the way, 
do you think 
the Japanese 

economy is still 
experiencing 
deflation?

I think so. I feel 
it in my daily life.

The government 
repeatedly said 

that the economy 
would recover.

But it took a long 
time until signs of 
recovery appeared.

a true journalist 
must first ask 

himself, “What do 
I want to know?”

I have a bad 
feeling about 

this...

Prices

Economic 

stimulus
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If you can approximate what 
you want to know with a 

simple function, you can see 
the answer more clearly.

M...math 
again? 

I knew it!

Now, what we want 
to know most is if 
prices are going 

up or down.

look.

approximating 
the fluctuation 
in prices with 

y = ax + b gives...

so if a is 
negative, we know 
that deflation is 
still continuing.

Here we 
use a linear 
expression: 

y = ax + b

2004 2005 2006

y
(Prices)

x
(Year)

Turned to inflation Still in deflation

a > 00 a < 00

y ax b= +
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That’s right. 
You are a 

quick study.

Now, let’s 
do the rest 
at the Italian 
restaurant.

Futoshi, we're 
leaving for 
lunch. Don’t 
eat too many 

snacks.

speaking of snacks, 
do you know about 
Johnny Fantastic, 

the rockstar whose 
book on dieting 

has become a best 
seller? Yes.

Growl

let's get 
outta 
here!
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You’re right. Now, 
let’s imitate his 
weight gain with 

y = ax
2
 + bx + c

But he suddenly 
began to gain 
weight again 
after a bad 
break-up.

although his 
agent warned 
him about it,

My weight 
gain has 
already 

passed its 
peak.

He was certain. 
Now what his 

agent wants to 
know is...

Whether 
Johnny's weight 
gain is really 
slowing down 

like he said.

Weight (kg) Weight (kg)

8 9 10 11 12 8 9 10 11 12

70 70

Days Days

y ax bx c= + +2
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If a is positive, his weight 
gain is accelerating. 

and if a is negative, it’s 
slowing down.

Good! 
You’re 

doing well.

There are lots 
of tight curves 

around here.

let’s assume you 
want to know 
how tight each 

curve is.

Eh, I don’t 
really care 
about that.

We can 
approximate 

each curve with 
a circle.

...

Weight gain is 
accelerating.

Weight gain is 
slowing down.

Vr
o
o
m
...
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let’s imitate it with the formula 
for a circle with radius R 

centered at point (a, b).

look. assume the 
curvature of the road is 
on the circumference of 

a circle with radius R.

The smaller 
R is, the 

tighter the 
curve is.

are you all right?

I think so...

Vr
o
o
m
...

Oh! 
Watch 
out!

B a ng !

y R x a b= − −( ) +2 2

x a y b R−( ) + −( ) =
2 2 2
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Well, that’s the 
Italian restaurant 
we want to go to.

It’s still so 
far away.

Oh!! I’ve 
got an 
idea!

let’s denote 
this accident 

site with 
point P.

What?

and let’s think 
of the road as 
a graph of the 

function f(x) = x
2
.Italian 

restaurant

accident 
site
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The linear function that 
approximates the function 

f(x) = x
2
 (our road) at x = 2 is 

g(x) = 4x − 4.* This expression 
can be used to find out, 

for example, the slope at 
this particular point.

at point P 
the slope rises 

4 kilometers vertically 
for every 1 kilometer 

it goes horizontally. In 
reality, most of this road 

is not so steep.

Futoshi? We’ve 
had an accident. 

Will you help us?

The accident 
site? It’s 
point P.

What function 
should I use to 
approximate the 
inside of your 

head?

y

4

x

Italian
restaurant

P

x = 2

f (x) = x2

y  = g(x)

Imitate with
g(x) = 4x − 4

P = (2, 4)

4km

1km

Incline at point P

* The reason is given on page 39.
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While we wait for 
Futoshi, I’ll tell 

you about relative 
error, which is 
also important.

Relative 
error?

The relative error 
gives the ratio of the 

difference between the 
values of f(x) and g(x) to 
the variation of x when x 

is changed. That is...

simple, right?

I don’t care 
about relative 
difference. I 

just want some 
lunch.

Oh, for 
example, 
look at 

that.

a ramen shop?

Calculating the Relative Error

Relative error = 
Difference between f(x) and g(x)

Change of x

Our

original

function

Our

approximating

function
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assume that x 
equals 2 at the 

point where we are 
now and that the 

distance from here 
to the ramen shop 

is 0.1.

let’s change 
x by 0.1: x = 2 

becomes x = 2.1.

so the difference is 
f(2.1) − g(2.1) = 0.01, and the 

relative error is 0.01 / 0.1 = 
0.1 (10 percent).

Now, assume the point 
where I am standing is 

0.01 from P.

Ramen

Ramen
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Change x by 0.01: x = 2 
becomes x = 2.01.

The relative error 
for this point is 
smaller than for 
the ramen shop.

In other words, the 
closer I stand to 

the accident site, the 
better g(x) imitates f(x).

Error

Relative error

As the variation approaches 0, the relative error also approaches 0.

Variation of 
x from 2

f(x) g(x) Error Relative 
error

1 9 8 1 100.0%

0.1 4.41 4.4 0.01  10.0%

0.01 4.0401 4.04 0.0001   1.0%

0.001 4.004001 4.004 0.000001   0.1%

0 0
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That’s not so 
surprising, is it?

Great! You 
already 

understand 
derivatives.

so, the 
restaurant 
having the 
smallest 
relative 

error is...

Be straight with 
me! We’re gonna 
eat at the ramen 
shop, aren’t we?

Yes. Today we will 
eat at the ramen 

shop, which is 
closer to point P.

The ramen 
shop.

The approximate linear function is such that its 
relative error with respect to the original 

function is locally zero.

so, as long as local properties are concerned, 
we can derive the correct result by using the 
approximate linear function for the original 

function.

see page 39 for the detailed calculation.



Calculating the Relative Error 31

Why is Futoshi 
eating so much? 
He just came to 

rescue us.

sigh. I like ramen, 
but I wanted to eat 

Italian food.

Noriko, we can also 
estimate the cost-
effectiveness of 
TV commercials 

using approximate 
functions.

Really?

Slurp

Ramen sanda
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You know the 
beverage 

manufacturer 
amalgamated 

Cola?

let’s consider 
whether one of 
their executives 

increased or 
decreased the airtime 
of the company’s TV 
commercial to raise 
the profit from its 
popular products.

Okay, I guess. When I worked at 
the main office, only 
one man solved this 
problem. He is now a 

high-powered...

I’ll do it! I will 
work hard. 

Please tell me 
the story.

You know...

assume amalgamated Cola 
airs its TV commercial x 

hours per month.

It is known that the profit 
from increased sales due to 

x hours of commercials is 

f x x( ) = 20  

(in hundreds of million yen).

The Derivative in action!
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amalgamated Cola 
now airs the TV 
commercial for 

4 hours per month.

and since 

f ( )4 20 4 40= = , the 
company makes a profit 

of 4 billion yen.

The fee for the 
TV commercial is 
10 million yen per 

minute.

T...ten million 
yen!?

Now, a newly 
appointed executive 

has decided to 
reconsider the 
airtime of the TV 

commercial. Do you 
think he will increase 

the airtime or 
decrease it?

Hmm.

1-minute commercial =  
¥10 million

f x x( ) = 20  hundred million yen

1-min commercial = ¥10 million

It's sooo good!
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since f x x( ) = 20  
hundred million yen 

is a complicated 
function, let’s 
make a similar 

linear function to 
roughly estimate 

the result.

since it’s impossible 
to imitate the whole 
function with a linear 

function, we will 
imitate it in the vicinity 
of the current airtime 

of x = 4.

We will draw a 
tangent line* to 

the graph of 

f x x( ) = 20  

at point (4, 40).

step 1

step 2

hundred million yen

Imitate

* Here is the calculation of the tangent line. (See also the explanation of the 
derivative on page 39.)

For f x x( ) = 20 , f′(4) is given as follows.

f f4 4 20 4 20 2
20

4 2 4 2

4 2

20
4

+( ) − ( )
=

+ − ×
=

+ −( ) × + +( )
× + +( )

=
+ −

ε
ε

ε
ε

ε ε

ε ε

ε 44

4 2

20

4 2ε ε ε+ +( )
=

+ +
u

When ε approaches 0, the denominator of u 4 2+ +ε   4. 

Therefore, u  20 ÷ 4 = 5.
Thus, the approximate linear function g x x x( ) = −( ) + = +5 4 40 5 20
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If the change in x is 
large — for example, an 
hour — then g(x) differs 
from f(x) too much and 

cannot be used.

In reality, the change 
in airtime of the TV 

commercial must only 
be a small amount, 

either an increase or a 
decrease.

If you consider an 
increase or decrease 

of, for example, 
6 minutes (0.1 hour), 
this approximation 

can be used, because 
the relative error 
is small when the 

change in x is small.

In the vicinity of x = 4 
hours, f(x) can be safely 
approximated as roughly 

g(x) = 5x + 20.

The fact that the 
coefficient of x in g(x) is 
5 means a profit increase 
of 5 hundred million yen 

per hour. so if the change 
is only 6 minutes (0.1 hour), 

then what happens?

We find that 
an increase of 

6 minutes brings 
a profit increase 
of about 5 × 0.1 = 

0.5 hundred million 
yen.

That’s right. But, 
how much does it 
cost to increase 
the airtime of the 

commercial by 
6 minutes?

The fee for the 
increase is 6 × 0.1 = 

0.6 hundred 
million yen.

If, instead, the airtime 
is decreased by 

6 minutes, the profit 
decreases about 
0.5 billion yen. But 

since you don’t have 
to pay the fee of 

0.6 hundred million 
yen...

step 3
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The answer is...the company 
decided to decrease the 

commercial time!

Correct!

People use functions 
to solve problems 

in business and life in 
the real world.

That’s true 
whether they are 

conscious of 
functions or not.

By the way, who is the 
man that solved this 

problem?



The Derivative in action! 37

Oh, it was Futoshi.

You're 
kidding!

But you 
said he was 

high-powered, 
didn’t you?

He is a high-
powered 

branch-office 
journalist.

as I expected...solving 
math problems has 
nothing to do with 

being a high-powered 
journalist. !?

Slurp

Yan
k!
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THis is absurd! 
I won’t give up!

Lunchtime is over. 
Let’s fix the car!!

Futoshi, lift the 
car up more! 
You’re a high-

powered branch-
office journalist, 

aren’t you?

I don’t think 
this has 

anything to do 
with being a 
journalist…
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Calculating the Derivative

Let’s find the imitating linear function g(x) = kx + l of function f(x) at x = a.
We need to find slope k.

u g x k x a f a( ) = −( ) + ( )   (g(x) coincides with f(a) when x = a.)

Now, let’s calculate the relative error when x changes from x = a to 
x = a + ε.

Relative error = 

Change of x from x = a

Difference between f and g after x has changed

When ε approaches 0, 
the relative error also 
approaches 0.

approaches k
when ε � 0.

=
+( ) − +( )f a g aε ε

ε

=
+( ) − + ( )( )f a k f aε ε

ε

=
+( ) − ( )

−  →
→

f a f a
k

ε

ε ε 0
0

k
f a f a

=
+( ) − ( )

→
lim
ε

ε

ε0

g a k a a f a

k f a

+( ) = + −( ) + ( )

= + ( )

ε ε

ε

f a f a+( ) − ( )ε

ε

(The lim notation expresses the operation that obtains the value when ε 
approaches 0.)

Linear function u, or g(x), with this k, is an approximate function of f(x).
k is called the differential coefficient of f(x) at x = a.

lim
ε

ε
ε→

+( ) − ( )
0

f a f a Slope of the line tangent to y = f(x) at 
any point (a, f(a)).

We make symbol f′ by attaching a prime to f.

′ ( ) =
+( ) − ( )

→
f a

f a f a
lim
ε

ε
ε0

f′ (a) is the slope of the line tangent to 
y = f(x) at x = a.

Letter a can be replaced with x.
Since f′ can been seen as a function of x, it is called “the function 

derived from function f,” or the derivative of function f.
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Calculating the Derivative of a Constant, linear, or Quadratic 
Function

1. Let’s find the derivative of constant function f(x) = α. The differential 
coefficient of f(x) at x = a is

lim lim lim
ε ε ε

ε

ε

α α

ε→ → →

+( ) − ( )
=

−
= =

0 0 0
0 0

f a f a

Thus, the derivative of f(x) is f′(x) = 0. This makes sense, since our 
function is constant—the rate of change is 0.

Note The differential coefficient of f(x) at x = a is often simply called the 
derivative of f(x) at x = a, or just f′(a).

2. Let’s calculate the derivative of linear function f(x) = α x + β. The deriva-
tive of f(x) at x = α is

lim lim lim
ε ε ε

α ε

ε

α ε β α β

ε
α α

→ → →

+( ) − ( )
=

+( ) + − +( )
= =

0 0 0

f f a a a

Thus, the derivative of f(x) is f′(x) = α, a constant value. This result 
should also be intuitive—linear functions have a constant rate of change 
by definition.

3. Let’s find the derivative of f(x) = x
2
, which appeared in the story. The dif-

ferential coefficient of f(x) at x = a is

lim lim lim lim
ε ε ε ε

ε
ε

ε
ε

ε ε
ε→ → → →

+( ) − ( )
=

+( ) −
=

+
=

0 0

2 2

0

2

0

2
2

f a f a a a a
a ++( ) =ε 2a

Thus, the differential coefficient of f(x) at x = a is 2a, or f′(a) = 2a.
Therefore, the derivative of f(x) is f′(x) = 2x. 

summary

•	 The calculation of a limit that appears in calculus is simply a formula 
calculating an error.

•	 A limit is used to obtain a derivative.

•	 The derivative is the slope of the tangent line at a given point.

•	 The derivative is nothing but the rate of change.
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The derivative of f(x) at x = a is calculated by

lim
ε

ε
ε→

+( ) − ( )
0

f a f a

g(x) = f′(a) (x − a) + f(a) is then the approximate linear function of f(x).
f′(x), which expresses the slope of the line tangent to f(x) at the point 

(x, f(x)), is called the derivative of f(x), because it is derived from f(x).
Other than f′(x), the following symbols are also used to denote the 

derivative of y = f(x).

′y
dy

dx

df

dx

d

dx
f x, , , ( )

Exercises

1. We have function f(x) and linear function g(x) = 8x + 10. It is known 
that the relative error of the two functions approaches 0 when x 
approaches 5.

a. Obtain f(5).

b. Obtain f′(5).

2. For f(x) = x
3
, obtain its derivative f′(x).


