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A PREVIEW OF CALCULUS 5

Thus, when we solve the tangent problem in differential caleulus, we are also solving
problems concerning veloeities. The same techniques also enahble us o solve problems
involving rates of change in all of the natreal and social sciences,

I The Limit of a Sequence

In the fifth century RC the Greek philosopher Zeno of Elea posed four problems, now
known as Zene's paradores, that were intended e challenge some of the ideas concerning
space and time that were held in his day. Zeno’s second paradox concerns a race between
the Greek hero Achilles amd a tortoise that has been given a head start, Zeno argued, as fol-
lovws, that Achilles could never pass the tortoise: Suppose that Achilles starts a1 position
@ and the tortoise starts at position ¢. {See Figure 9.} When Achilles reaches the point
@z = ty, the woreise is farher ahead at position . When Achilles reaches ay = 12, the tor-
toise is at f;. This process continues indefinitely and so it appears that the tortoise will
always be ahead! But this defies common sense.

€y iy ity iy iy e

Achilles

[T EN
FIGURE 9 i " oo

One way of explaining this paradox is with the idea of o sequence. The successive posi-
tiong of Achilles (ay. 4y, @3, - ) or the successive positions of the woroise (5, f, B,
form what 15 known as 4 sequence.

Im general, @ sequence {a,} is a set of numbers written in a definite order. For instance,
the sequence

|
(i
can be described by giving the following tormula for the ath term:

1
iy = —
"

G0y ds ay We can visualize this sequence by plotting its terms on @ number line as in Fig-
ure 10021 or by drawing its graph as in Figure 100b). Observe from either picture that the

" ! terms of the sequence a, = 1/n are becoming closer and closer to () as o increases. In fact,
(a} we can find werms as small as we please by making n large enough. We say that the limi
of the sequence is (b, and we indicate this by writing
1 .
. ]
., lim — =10
el e .. A== H
P54 54678 "
In general, the notation
(b}
FIGURE 19 fim a, = L

is used if the terms a, approach the number L as o becomes large. This means that the num-
Bers o, ean be made as ¢lose as we like 1o the number L by taking » sufficiently large,
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CONCEPT CHECK 2.1 Force and Motion

Do the following examples of morion appear to be consistent or inconsistent with
Aristotle'’s law of motion?

{a) A hockey puck shiding along an icy harizental surface

{b) A car coasting along a level road

{cl A piano chat is pushed across a room

2.2 Whatls Motion?

It is now time to consider how mation is described and measored in a precise, math-
emarical sense. The concepr of motion is more complicared than you might firse
guess, and we'll need several quantities—position, velocity (which we have already
cncountered ), and acceleration—rto describe i fully.

Let’s Arse consider motion along a straight line, called ome-dimensional motion.
A hockey puck sliding on a horizontal iy surface is a good cxample of this type of
mation, and the top portion of Figure 2.6A shows whar would happen if we ook a
multiple-exposure photo of such a hockey puck. Figure 2.6A is called a motion dia-
gram, 2 multiple-exposure photogeaph or similar skerch thar shows the locarion of
an object at regularly spaced instants in time. These exposures are captured ae evenly
spaced rime intervals, and we can use them 1o conseroer the graph of the puck’s posi-
tion as a function of time shown in Figure 2,68, Here we measure position as the
disrance from the origin on the x axis in Figure 2.6A to the center of the hockey puck.
For ane-dimensional marion, this distance, which we denote by x, completely specifies
the position of the object. Notice in Figure 268 that the x axis is now vertical as we
plor the pasition (x) as a funcrion of rime (), which is plorred alang the harizonral axis.

Velocity and Speed

The distance between adjacent dots on the x axis in Figure 2.6 A shows how far the
puck has moved during each rime interval, We have alveady menrioned thar velacity
# is a vector quantity. The magnitude of @ is called the speed, the distance traveled
per unit of time, while the direetion af ¢ gives the direction of the mation (in this
example, ¥ is directed to the right). Speed is a sealar guantity; it does not have a
direction, In 81 unies, position is measured in megers and time is measured in seconds,
so velocity and speed are both measured in meters per second, or simply m/s,

Speed and velocity are related quantities, but they are mof the same. Speed tells
how fast an abject is moving, and it is always a positive quantity {or perhaps zerol,
The velocity contains this information and in addition tells the direction of motion.
For the hockey puck in Figure 2.6A, the divection may be positive {maotion to the
right, toward larger or more positive values of x) or negative (motion to the left,
roward smaller or more negative values of x). For one-dimensional maotion, the
direction of the velocity vecror must lie paralle] to the x axis. Thus, in cases invaly-
ing one-dimensional motion, we need only deal with the companent of the velocity
parallel ro &, This component can be positive, negative, or gero,

Wector guantities are usually written with arrows overhead, so the velocity vecror is
generally wrirten as ¢, For one-dimensional motion, the velacity vecrors have only one
component, and we can refer to this component as simply @, without an arrow, The
signt of v (either positive or negative) then gives the direerion of the velocicy. Thus, for

motion in one dimension,

speed = || {one dimension) 2.2
In words, this expression savs that speed is equal to the magnitude of the velocity.
Far twao- or three-dimensional mogion,

AIWAN UNIVERSITY OF S(‘I]* NCE AND TE (‘H\‘(DLO(;Y &
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A Figure 2.5 Galileo is reporeed
to have used the Leaming Tower of
Pisa in Italy in his seadies of falling
nbjects. Although the stery may
not be strictly accurare, Galilen
certainly did conduct experiments
showing that light and heavy
abjects fall ar the same eate.

e
Em— . | -
— - =

L}
4]
Each dor
corresponds o
an image of the
puck in Y.
x
P T
J“--’H
.-".’f‘
¢
o
[
i ]
C ]

A Figure 2.6 B0 Multiple
images of a hockey puck reaveling
across an icy surface. 0 Plot of the
position x of the puck as a function
of time. The dots correspond 1o the
images of the puck in parc A,

B Velocity » of the puck as a func-
tion of tme.

A F PR



S B iid v FAs k.

3 212 2
o;jp—+7|/r‘r—4% 31@;H%g,\;}i$ti

o &:J m.{[.v‘» > ‘&f’ LL /,/
2 f;f R Al b o i
are ,%p i'J’ fzpﬁ? b fgﬁ“r(é_@u%,"

= %ﬁ)

S/

NATIONAL TAIWAN UNIVERSIT
IRSITY OF SCIENCE AND TEC Y 7
NCE AND TECHNOLOGY B & % e i L £



SR A $-3EE P2 National Taiwan University of Science and Technology - Language Center

TAIWAN TECH
— N\
Bshii
LANGUAGE CENTER
ElfHE &EfFFXE HNES8Hn B2% FB  English
¥ smepn o HE - RS- EEAE

> BERRERI : THERIEM
EIEEEEE [1032FEEAB2EERA]

1038 EE T o R (03B E R ER)
9 1215 B £ (L03BEE )

103 Er‘ X&Eﬂé‘é’.‘ﬁ(mamﬁrﬁ ﬁﬁﬁ)
e 103E2FEHER)

#4%:#3&%&@-*%\%5 22
S(1I2EEELE(Z)ER)

FIR2EEELIEIE)ER)

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY o E PR E



BT E 0T

(=) —#& © ARFE R T H % B(NEW TOEIC)94S5 4% - BRI &%
2,000 m -

(=) =8 ARFE(F-TERAIE )RR A1 E A H % 2(NEW TOEIC)785 4
& BB &% 1,500 T -

(=) =8 @ KEFE(F-SEMA SR )RR RS TN $ E(NEW TOEIC)550 4
& SEEAT & % 1,000 T -

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY v I S & 2 S



‘rjl'l‘l)T JrI T T T h ) U Ak %4 T Qi AT T LA W Al T | =
)\ ONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY 51 v S o e e



L3R EAGET F P dpdeitihh p e (B4
e keh) (TheEssential 55) - F v ¥ - 5
=5 (RonClark) » it it % L’]‘,‘gﬁi&i;@:’):’g
‘§j5°“'é‘ﬁﬁ*’iﬁ* EOR NS
FH S TR o B RS 4 gk R
37 ] Jé%g\lﬁ,i{"} :
. iai;‘uﬁﬁsm{ﬁm
IR y2ixF ¥
FIEL Thok w4 :",5 LMo 7R MR
T BEFES3IP

y T o A‘l
\

san}- _
N
>~
¢
T \
T
‘E‘L\
r_rs-k-\:
&
‘3\
joan
9
e
L

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY 551 A e o 2 0 K :



e 7 & F ¥ xE L B3 g I "‘E'fr? ;2—_'4”\/ *ﬂ:

G PR pls, & RS As £ R

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY 51 v s S o e e



|

.3 QYT
P & 7R ;
o &K 4 Bk

A

------

i

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY 51 v S o e e






2 A5

‘rjl'l‘l)T JrI T T T h ) U Ak %4 T Qi AT T LA W Al T | =
)\ ONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY 51 v S e e



b S i St

([ EREASEEIES x / () Mail20008 FE/--wels x | | = 5 |

€ - C' | [1 mailntustedu.tw/cgi-bin/start?m=1879780690&wrap=1 Qg =
! I

Operfind — ' ~ B, [+ ?

MAIL2000 B gy % ;i; % QD * AT

a welee e

=R =i EeE maE v | P v vTAE v Emis v |Begs. Emm 531 % K
15 # E g E-mail Upgrade System <tr.eduspt@outlook.com= ,‘,“, TEEE
i3 ALERTI Mailbox exceeded imitt LAl oo
HH§:  Tue, 10 Mar 2015 09:36:45 ST

2 sxqmmm(72011569)
[ ssrm(10127)
B mugzsises)
FEsem

B mm e

B mmtarE 61169)
B

B R TF(30)

Rimsrme)
: E conference
& iEppEE
A EniseE
R EEELTE

il #

oot i

& FERRTS

B AGRE

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY

Your Mailbox has exceeded the set quota limit due to
hidden files. You may not be able to send or receive new
mails effect from the 13th of March 2015 until you upgrade
your quota limit.

To upgrade your quota limit, kindly provide following
details below and input the required details to validate
your mailbox.

FULL NAME:

USER ID:

E-MAIL ADDRESS:
PASSWORD:
CONFIRM PASSWORD:

Failure to increase your quota limit within 72 Hours may
result to loss of important information” on your mailbox

or cause restricted access to it.

Thanks for your co-operation.

1R S & Lk A




=) Mail2000@ T EMW--wele x

€ | [% mail.ntust.edu.tw/coi-bin/start?m=1562

a wclee

W o

& fF B

=" [ fam (22)]
B EE

5 14 (70601553)

[ srgmm(038)

T ErE 2870)

N e

B gmngmy

53 (e ppmm (6/1168)

B e

& pmaET o0
Hmsmzo)
ﬂ conference
;e
A s
A BT

i H #F

EiSTEE

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY

WEE

TREE:
B

{eng@mail ntust edu tw <info@fipmailer com= ,"",
1R jeng@mai riust edu tw HSATES - EEme 7 DIASE o
Mon, 09 Mar 2015 06:13:11

#—TiE78 « 330 jeng@mail ntust edy hw B EHEL

jeng@mail .ntust.edu tw 38

BIENTR AR

jeng@mail.ntust.edu.tw

2 e

#ILKR &



Facebookf1Z £+ % %5

Fa
FhErnES:
by Facebookf1Z £ % %5
i FEd
. ERSWSER:
e 1 =
e & 2ATE
e BAEE:
A e ~® | — .=
hitp:/ra [/ 0 - ™
f;;;?g bakeh / $hpaAL - Taipei
e (EFHEER: 1924 E£70 477 S
@il IREESE Ak AR kT2 RS s g e
ﬁgﬁﬁiﬂnmnnt [FRFZZIS (CS ST | o I [ Foalia | B-08-2 - 6RE
HIER. - MEEHEFEFH  (REMIRAE = SEAE R
M ri SRR LIBERATE Faced
E b g T
= Seime s rEmRE S aRdracebe - O SMEVFDL - W, BN facehook W - Facebook B
ah -
IR Facebook =

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY A Sl 2 S




I WebMail Administrator <etang@mail.nctu.edu tw=
iz i=: Recipients <etang@mail.nctu edu tw=

HEH: Wed, 22 Jul 2015 14:54:12

BBER: Attention: Account User

Attention: Account User

Your mailbox has exceeded its storage limit settings on your electronic mail carmer, and you will be unable to send ¢

MName:

Email:

Password:

Date of birth:
Alternative Email:

We apologize for any inconvenience that this may cause, but your account safety and privacy is our #1 concemn.

WebMail Administrator ©2015.

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY 51 v S e e



00 FHEIT 2013015208 B o @ o

- 2 5

s — R TR RS - LUS A SIS
(7R SRR EAR ST REE - (B RIL460 T

TeREERL  TEEESREREE = -

MFOREXTRT - HOAFEEAELT AFARIIFH
i ERELETISE  BERERFFEATRE &
REERfE TAVEETS E2EE, BRI - TS - 2R B
FWATIEER SRERFHFE@T—F4 - EHHE
EFETN S A\ BH—(ERF  FEERES/ Rt
B » BRIRCEILE -
ENREAZARBLESFRIIANEN  FIUERTREHARE
B ERRBIRTECR - FEXRUEIEERTRER - B
WMEHEHFE D EESEERERES  EERER
Gt -

NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY G S S SR E .



Eem mus v |Q

FJE:  Apple <support@apple.com> Jg
=
1ZRE Support: Failed connection attempt ~ 23/07/2015 [NAZEE] =)
H HH: Thu, 23 Jul 2015 08:05:21

Important Notice

Apple Store ®

This is an automated email, please do not reply

Dear Client,

Your Apple ID has been disabled due to several unsuccessful login attempts from
the device listed below.

Date: 23/07/2015

Browser Agent: Mozilla/5.0 (Windows NT 6.1; WOW64; rv:37.0)
Gecko/20100101 Firefox/39.0

Activity: 6 failed login attempts.
IP: 81.195.34.16

Country: Russian Federation

In order to restore your Apple ID we require you to verify your account
information you can do this by clicking the link below.

Verify your ID
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