L & ?’

" §
",'
; E
Lo Fﬁcﬁ?_ 5'1"7:}“7[:
- 50 2
éﬂ‘
?/ __L.
/I[Pt

&TZI
£ ;Z
g g
S >
.ﬁ?aﬁz@
‘\:j
#i
j
|

v
];E]
4+
AN
3
B

i
gt



BAAVASEP PN =
MR E TR ES

(98 4 4 H e EIERD

RIZRES I Z S L BT RECN RS A ~ 53R 1 3 B NI RR
5 BER MR B SC - (BN SR EE)
( v OEE GrHIFER)
( DEE —F&HE @ FEE
( DEE CHERRMBD > FAE -
( DOEE CEHFEHD @ REE
( HAEE - FRE:

DIJRERTE ~ (B RORER 1 P R E B AR R B H 6 - A e " kR - OEE
TE ) ZHR R BlE T S BLERTIH 95 2 HHY - 15 NRRME ~ BFREA R, - DLAUA ~ fitdes
et R BT AR BRI SCUsk ~ BB~ ABHBRY - BT o SRR A LIS R
i REBERH > WA Rt EA G S B SRR AR DL EERarg U720 - fe e E A
PENIFERME 28 EieZ - RIS - NaEdIE -

WHoEAE % 4 = E25E 93221010

SR K LM 2 o B T S R

feEHrakt gt

ENCIE BT Fr OFtpt ME DL

HER:RRE_98 & 7 H_ 8 H
fhist -

1. AAEE 2 IR E IR E T ARSI IREFREASE 15 (RS 3 FCZHUE - PRHEE R Al
AT R R EE S AR LR - WA HRFEENEEE S S E - AEERA LREY] > A5
TTINEREEE » FEAER BHEAR AR B ESE 2 hitp://thesis.lib.ncu.edu.tw/ & -

2. AIEEFEEIHESE AR > FETNSEAGR R ZNHE (2ETENZRES S

A PR SR T R ) -
3. FIEI—( R $ e  BIRAPRES 4 PRI IS (O — S R
s -

4. FHEENENTFEFIME 28 B - B - NEEYIE] EY GRS EMRE (FREAAH R AR i -



B R RERLHERTA
WX AR FHIXEEE

B8 BAER O R AR AR
32

K- e 8D E s GRB 28 Y RERE LR AR 1
ok AYE B FIERNES -

-z 2
e F é{i/?j )

98 L A ~bH

94.11.24




»

B 3 e KB FR A A
= e s o oS s o

% ¥ 25 B B e s
PR 3% 235 3C

K- 9E b R 2T T BB A5 042 6] Fay

GAEBRE > RABLAELEREE .
LuERER S DEA %ﬁ - W%
i
£ s
.,‘%“_
i}ﬁ%{i

—
e
P
=
~~
60
_Fx
Ty
Jn
0
bun}




% &

A ARFL P DRI BREF Y K A A PREN B L3 LR
£ - Lgﬁpbﬁlﬂrﬁiév\#ﬁfémv%fi Rt - P RETE A R S Bk 4 -
SFHATER LS AL A DRI Y B F K Ry Rk
%ﬁmwﬁﬁoﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁ@ﬁﬁﬁ’%Pﬁﬁgiﬁ$ﬂ%ﬂ??ﬁ%
A FATN F i o

PR EY 2 A3 o e *%ﬁﬁ“%%iﬂﬁﬂfﬁwwfﬁ
FoOTHHRGFE P BEFHAAFE 95 THp) - EFEHELIT 2R "R HETH
FEF O FwE P H A » Bl Rk 22 2 BT E A - P B2 %A
T 9T BEaR >F LB 2P BeE 16 T F 478 BE k217 fAgARiE (T
ﬁﬂo%%;imgﬁvﬁﬁﬁm*%wpﬂ? ﬂﬁéﬁ,wwipfﬁﬁﬂW&

BT ﬁﬂszﬁﬁﬁ%ﬁwﬁxéﬁwlﬁ

\\\?{r

‘%’ o

R4
B ~ %2~ H a3 AR E v RS TE o



Abstract

The purpose of this thesis is to study that whether calculus textbooks used in high school can
provide sufficient knowledge for students to understand and connect to calculus or other
calculus related courses which they will need to take in the first semester of freshman year.
Based on this target, this thesis mainly studies the connection between calculus and
university’s required courses of the first semester in freshman year. Besides, I also generalize
the relation between courses and which mathematic test universities choose when they enroll
new students. In order to research what students learn from calculus in high school, I

specifically analyze calculus related courses.

The thesis uses text analysis to elaborately record calculus related contents that are included
in textbooks used in universities and to analyze current high school mathematic curriculum
(temporary curriculum in 2006). Furthermore, the thesis also explains how specific
universities decide which mathematic test they should use as a basis for enrollment of new
students. The information of enrollment and required courses of first semester during
freshman year is from 2008 academic year. The analysis in thesis includes sixteen universities,
four hundred and seventy-eight departments, and two hundred and seventeen courses.
According to collected information and result of text analysis, I make a few points of
suggestions and conclusion. Hope that this thesis can be a beneficial reference for future

mathematic textbooks and mathematic curriculum modification

keywords

Calculus, Textbook, Senior high school mathematic curriculum, and Text analysis
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Chapter 2 Motion one

Dimension

2.1 Displacement ,
Velocity, And Speed
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p-26

(1] 10 20 30 40 5
(=)

B 4.2.1.2 # % <= # Fundamentals of Physics,
7™ p.28-1
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Chapter 2 Motion one

Dimension

2.2 Instantaneous Velocity
And Speed
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(2.4)

Chapter 2 Motion one
Dimension
2.2 Instantaneous Velocity
And Speed
BAENDINOTRT
BeEHBHER - T
Boo - fles TRE BB
=g EG I g

p-29,
p.48

i (2.5)

Chapter 2 Motion one
Dimension

2.3 Acceleration

p-30
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dv., ddx\ d’x Chapter 2 Motion one
a,=—== —(—j =— (2.7) . .
dt dt\ dt dt Dimension
2.3 Acceleration
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TS Chapter 2 Motion one
i -@\\ Dimension
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B 4.2.1.5 & # < # Fundamentals of Physics,
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Ay ) ) Chapter 2 Motion one
a, = lim—= = lim(-10t —5At) =-10t m/ s ) )
A0 Af A0 Dimension
dx - 2.3 Acceleration
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In which v, =40- 5¢%, we find that

a, =dv_/dt=-10¢
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(=

dx, 1, Chapter 2 Motion one
g == | X tvitt—att =y, +at . .
dt dt Dimension
2.6 One-Dimensional
. . p-36
Motion With Constant
Acceleration
- RERE
G Chapter 2 Motion one
Area=73,_Al, Dimension
) . T T 2.7 Kinematic Equations
= N | d
Ve . Derived From Calculus
L R s L
FREAR S E R A
N WY T IR A
e o
& i £ p.44
At
B 4.2.1.6 ¥ ¥ <= # Fundamentals of Physics,
7" p.44
Ax = Alz}glo Zn:vat” (2.13)
. (v
Altiril();vmmn = v (i (2.14)
dv, Chapter 2 Motion one
a, =—
Yoodt Dimension
May be written as dv_=a dt or,in terms of an 2.7 Kinematic Equations
integral (or antiderivative) , as Derived From Calculus 45
e A P p-
A F I I A
1g=j@m+Cl g {jﬁ AEL
Z0m P T pA TR 2
g0 I enscdsp % o
v,=a[di+C =ar+C, @.15) | EFE FRP 7
dx Chapter 2 Motion one
v, =—
toodr Dimension
we can write this as d, =v dr orintegral form as | 2.7 Kinematic Equations 46
p-

)czj.vxdt+C2

Where C, is another constant of integration .

Derived From Calculus
i?:%ﬁ‘lfﬁ I & Ry
L@ h AL TR

g
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Because v, =v, =v_ +a.t , this expression

becomes

x= I(in +a t)dt+C,
x:J.vm.dt+ax'|‘tdt+C2

1
x=vt +Eaxt2 +C,

B E IR G

¥
{2, %)
T
AN
- i
L]

{a)
sing = %
cosd = —':'

y
i

tanf = ]

(b)
Figure 3.2 (a) The plane polar

coordinates of a point are repre-
sented by the distance rand the an-
gle 8, where 8 is measured counter-
clockwise from the positive x axis.
{b) The right triangle used to re-
late (x. y) 1o (r, 8.

B 4.2.1.7 # ¥ <~ #* Fundamentals of Physics,
7% p.59

x=rcoséf 3.1

y=rsin8 3.2)

tan @ = = (3.3)
by

r=qx> 4y’ 3.4)

A=Ai+A)j (3.12)

r =xi+yj (3.13)

Chapter 3 Vectors

3.1 Coordinate Systems
BALE AR Y 2 & Sl
o R R R
A MLt 95 g e o

TG fARR YOS
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BRI AR S T B
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p.59
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(.50

a

Figure 3.1 (a) The unit vectors
i, j.and k are directed along the x
%, and x axes, respectively. (h) Vec-
tor A = Ai + Ayj lying in the xy
plane has components A4, and Ay

Figure 3.17 The pointwhose
cartesian coordinates are (x, §) can
he represented by the position vec-
tor r = xi+ i)

B 4.2.1.8 ¥ ¥ <= # Fundamentals of Physics,
7" p.64

R=(A,i+Aj)+(B,i+B )

R=(A +B,)i+(A +B,)j (3.14)

Because R=R i+ R, j, we see that the components

of the resultant vector are
R =A +B,
R = Ay + By

y

(3.15)

L

|
L+

Ay B

Figure 3.18 This geometric construction
for the sum of two vectors shows the rela-
tionship between the components of the re-
sultant R and the components of the indi-
vidual vectors,

B 4.2.1.9 # F < # Fundamentals of Physics,
7" p.66

A=Ai+Aj+AK (3.18)

NAGoARaEmBY 95
S B
v B RE N F ARG
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B=Bi+B j+Bk (3.19)

The sum of A and B is

R=(A +B, )i+(A +B, )j+(A +B )k (3.20)

The instantaneous velocity v is defined as the
limit of the average velocity Ar/At as At

approaches zero:

v=1lim Ar/At =dr/dt

Ar—0

4.3)

Chapter 4 Motion in Two
Dimensions

4.1 The Displacement ,
Velocity , and Acceleration
Vectors

R G AR - ff
Fheoo S ime 1 5E

E‘/I‘JP\Z\O

p.78

The instantaneous acceleration a is defined as the
limiting value of the ratio Av/Ar as At
approaches zero:

a=lim Av/At =dv/dt

Ar—0

(4.5)

Chapter 4 Motion in Two
Dimensions

4.1 The Displacement ,
Velocity , and Acceleration
Vectors

e RS RHEPER -
5 SRR L B
AN R o

p.79

(6.3)

(6.4)

Chapter 6 Circular Motion
and Other Applications of
Newton’s Laws

6.4 Motion In The
Presence of Resistive
Forces

PR AU e R GHER
HEER - T
* e oo

p.164

Vzg(l_e—bt/m)zVt(l_e—t/’[)

b
LiZ _d[mg_mge-mm) __m8d wm _

(6.5)

—bt/m
e

dt dt\ b b b dt B

Chapter 6 Circular Motion
and Other Applications of
Newton’s Laws

6.4 Motion In The

Presence of Resistive

p.165
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Chapter 7 Work and
Kinetic Energy

7.3 Work Done by A
Varying Force
L TIAR R
Rt 2L R
FRT A IR

P L”‘Tlfmié ° F%‘Q —"Fl:
® 4.2.1.10 ¥ # < * Fundamentals of Physics, | |7 f1* % & » 2] k itz | p.189
e, p.189 AR AT O
oM BRLEFB KT E
Il e 4 %o
llmZFAx J. Fdx ] ! %k
Ax—0  x;
W:raa (1.7)
W, f (Y F.)dx (7.8)
2300" —13x102 Chapter 7 Work and
= Jisaon x2 )dx Kinetic Energy
a0 7.3 Work Done by A
= (-13x10%)[ , g
1.5x10 Varying Force
2.3x10" LB N R
= (-1.3x107)(=x™) " $rate T3 b p 1ol
1.5%10 BIALE & 0 B g A
— I7 L % I8 = AN
- (-13x10%) L At
23x107  1.5%10 eSS0 &8 | sk
=-3.0x10"J SEITEAR o
x 0 1 Chapter 7 Work and
W=["Fdr=[ (-kodx=—ke, @10)|
x; i 2 Kinetic Energy
7.3 Work Done by A p-191

Varying Force

PENE T3 L
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PATE 0 B i
SEREERE T2

II enseg F ¥ gﬁ'; o

Ix%k:x“Wm+D with n=1

Chapter 7 Work and
Kinetic Energy
7.3 Work Done by A
Varying Force
asﬂﬁﬁgﬁnmmf
R A N
W{ﬁ ﬁbﬁ’Twﬂ
hikr F ¢ oo ke ¢ i
cﬁﬁ*”#ﬁ%’qvb
ﬁ&t‘n ko
EgEF Mok ¥ 5 K
wph 7 e

I-L —\—p i';_rg v

p.192

1 1

W2=£7—hmﬁ=§kﬁ—§kﬁ (7.11)

Xmax

W, =|""F,dc= kuu—lkz

app 2 max

Chapter 7 Work and

Kinetic Energy

7.3 Work Done by A

Varying Force

EE e

A BT S B R F 2
T o

F i BB T ei

p-193

We can apply Newton’s second law ,

ZFX =ma,

net work done as

ZW = ij (Z F)dx = ij ma, dx

, and use Equation 7.8 to express the

Chapter 7 Work and
Kinetic Energy

7.4 Kinetic Energy and the
Work — Kinetic Energy
Theorem

i DL SIS R
ATITeF o pU AP BE P OF T
T om G i e

p-195

_dv_dvdr_ dv
dt  dx dt dx

Chapter 7 Work and
Kinetic Energy

7.4 Kinetic Energy and the
Work — Kinetic Energy
Theorem

50 A chghdl i
Mol — ﬁﬁ%*ﬂ&?ﬁ
A ERE-E

p.195
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Chapter 7 Work and
Kinetic Energy
7.4 Kinetic Energy and the

ZWzlmvfc ——my; (7.16) .
2 Work — Kinetic Energy p-195,
Theorem p.-199
PR R TR
AR T8 &
AL - B -
Pe w Chapter 7 Work and
At Kinetic Energy
Average power 7.5 Power p-199
T 3oz F 4 et e o 1
P 2
P=lim W  daw Chapter 7 Work and
=lm—=—
A0 A dt Kinetic Energy
7.5P 200
P:d_W:F.ﬂzF.V (7.18) ?we'r/ . , . p
dt dt PE AT ahe R
Where we use the fact that v= ds/ dt e 2 3
1 _1 3, Chapter 7 Work and
NG ot Tt o
(I-x) Kinetic Energy
1 7.7 Kinetic Energy at High
K =mc*( =-1) Speeds
1-(v/c) ey -
PR P R R -
(7.19) &ﬁtﬁjﬁ-‘tﬁ > M ll-b - /g-uu
P . o .. | p-205
L 3y Ty ? JFEL N &
K =mc (1+?+§c—4+ —1) ﬁ‘fhf"\; o
4
:—mﬁ+§m37+
8 ¢
=—m? for <<l
c
W= r Fodx = -AU (8.6) Chapter 8 Pote'ntial Energy
5 and Conservation of
X E
AU=U, ~U, =~["Fdx 87) | 8y ,
i 8.3 Conservative Forces
d Potential Ener p-220
U, () =-[" Fdx+U, @8.8) | " &y

[[Fas=v,-v,

TS B Sk
Ao AMTIRDH o
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dU =—F_dx
Therefore , the conservative force is related to the

potential energy function through the relationship

Chapter 8 Potential Energy
and Conservation of

Energy

du 8.6 Relationship Between
F=-2 (8.16) i p.232,
dx Conservative Forces And
dU 1 Potential E p-234
otential Ener.
Fo=mte et =k DA
dx dx 2 AL S i“ S EF NI AR =
AR Y B E g I e T
LT o
In three dimension , the expression is Chapter 8 Potential Energy
Fe i au j au L au and Conservation of
ox ay oz Energy
8.7 Energy Diagrams And
The Equilibrium of A
p.232
System
MR ARFERRENE
(T 3 i oA
FhA BEER Y
AP
Chapter 9 Li 234
dU (x) :481[(3)12—(3)6] —0 apter 9 Linear N p
dx dx x x Momentum and Collisions | p.234
[y gaf A% FEk P | p253
DILBE AR A dAP M 0 | p.253
o120 _—60°, P T kbt 335 | p253
ST S BRI B HH Il | p2SS
dU (x d o o fp TE KX o p.256
Fo=-09 e L@y Gy
dx dx x X p-256,
126" 60° 258
=d4el—5———1 P
X x p-256
259
Z F= dp _ d(mv) 9.3) P
dt dt p-259
271,
F, = % and F,= % P
dt dt p.272,
dpl dpz d p.273
i a T a e p.271
According to Newton’s second law , F=dp/dt , or p.271
dp=Fdt 9.7) p.274
p-274
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p-274

Ap=p,—p =["Fadt (9.8)
P=pP I p.274
1=["Fdi=np (9.9)
- |
F=—|"Fdt (9.10)
At i
Ap, = J;t/ F, dt
Ap, = F,, i
inAml
= lim - —ijxdm (9.31)
Yom = Am; —0 M B M )
1 1
Yeu = ﬁj ydm and <z, = MJ-Z dm (9.32)
1
o = - j rdm (9.33)
myv,
dre,, 1 dr. Z t
Vey = —4 = 9.34
“a M Z Ydt M 039
dve, 1 dv, 1
a., = = —t=—> m.a 9.36
Ma M Z Ydt M ©-30)
dp
F,, =Ma., =—" 9.38)
2 M (
ap
P Ma,, =0
If we now take the limit as At goes to zero , we
get Av > dv and Am — dm. Futhermore, the
increase in the exhaust mass dm corresponds to an
equal decrease in the rocket mass, so that
dm=—-dM
Mdyv =v,dm=—v,dM (9.40)
v M, dM Chapter 9 Linear
dv = —VJ — -
vi M Momentum and Collisions
M. i
v, =v, =v, In(ot) 9.41) 9.8 R/ocket Propuls)lon p.278,
7 miEBfE AT g & | p279

S ,
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%2 InM > >a In 5 p
BEH AR 1 o
BRI e PR T
ARV HFE O F A In
i - I ﬁ;;%f—ﬁ i

# o

Thrust=M ﬂ = dﬂ
dt

42
dt 042

ve

Chapter 9 Linear
Momentum and Collisions
9.8 Rocket Propulsion

TA A SR A4

Thrust h# & > T & ¢ &
CER 3 oy W
B¢ OBCHER I Frae v Y
LI

p.279

. A8 do
w=lim—=—

10.4
A—0 At dt ( )

Chapter 10 Rotation of a
Rigid Object About a Fixed
Axis

10.1 Angular

Displacement , Velocity ,
and Acceleration

PG AR G EREREE
B eh- [y Sl BRPE

p.294

. Ao dw
o=lim— =

— 10.6
Ar—0 Af dt ( )

Chapter 10 Rotation of a
Rigid Object About a Fixed
Axis

10.1 Angular
Displacement , Velocity ,
and Acceleration

PR RS R S AR
HREE - el 2R
PEF e R ARG
B o

p.295

Recalling that s =r@ and noting r is constant , we
obtain
ds de
=— =y —
dt dt
Because d@/dt=w , we can say

1%

Chapter 10 Rotation of a
Rigid Object About a Fixed
Axis

10.3 Angular and Linear

Quantities

p.297
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(10.10)

d ** sis the distance
traveled by this point
measured along the circular
path . F]gt i *
B R DEE G TS
RS SRRt
Hov=rw- L #&E A
kg oo mEEaY ©F0
o BT 5
ZHEEEBILY 3 %

s=r6

dv dw
at =—=}"—
dt dt

a, =ra (10.11)

Chapter 10 Rotation of a
Rigid Object About a Fixed
Axis

10.3 Angular and Linear

Quantities p-297
BT i Rt
B RpEE R
ThoFRLEE- R
oLl T
We can evaluate the moment of inertia of an Chapter 10 Rotation of a
extended rigid object by imagining the object Rigid Object About a Fixed
devided into many small volume elements , each of | Axis
which has mass Am . We use the definition 10.5 Calaulation of
1= r*Am, and take the limit of this sum as Moments of Inertia
f Sg ke e T
Am — 0. In this limit , the sum becomes an B P T 1)
integral over the whole object : Li - A S
1= lim 3" r2Am, = [ r’dm (10.17) | eEFAERRG | p30l
R (10.17) 5 ® ¥ ff T p.302

It is usually easier to calculate moments of inertia
in terms of the volume of the elements rather than
their mass , and we can easily make that change by
using Equation 1.1, p=m/V > where p is the
density of the object and V is its volume . We want
this expression in its differential from p=dm/dV
because the volumes we are dealing with are very
small . Solving for dm = p dV and substituting

% Ghd 2 wEEYI
O SR I RE
FORBRE RS A
FF o Ik E - HE g
i3I0 g p F 0 e
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the result into Equation 10.17 gives

I=|prav

Proof of the Parallel-Axis Theorem (Optional)

Because this element is a distance r =/x* + y’
from the z axis , the moment of inertia about the z

axis is I:Ir2 dm:I(x2+y2) dm

B 4.2.1.11
h, p.305

4 4> ~ ~ Fundamentals of Physics,

xX=x+xq, and y=y'+y., .Therefore,

1 :J.[(x'+ xCM)2 +(y'+ yCM)z] dm
=jux32+(y32]dm + z&ij'dm +

2yCMJ.y' dm + (xéM+yéM)J.dm

The first integral is , by definition , the moment of
inertia about an axis that is parallel to the z axis and
passes through the center of mass . The second two

integrals are zero because , by definition of center

Chapter 10 Rotation of a
Rigid Object About a Fixed
Axis

10.5 Calaulation of
Moments of Inertia
PR AR AEP TS
FhRTL o F o i AR
B L il 1 7
#HiF e B phT (72 $hen
e 7 1 T
AR - ST W

z];c’g_;i;-? ,—f
M »LIE-’_’“"

2 2 2

ro=(x"*xo) F (Y + You)
vl W H - BHAAT
2N I, ;™ 5 BAAS
ERFOF5 oz Pl

’E‘gf}/’]%ﬁ’l\i s 7% g

Ix' dmzjy'dm:O B

32% m%’“ﬁé“ﬂmﬂzﬁbév
DI BT B 2

I =1, +MD’

R S E L R

Foot - BiaER g

$oomng 3L IuR

Pfp 2 HTT 0 ARG B 2 d
%é’? eds ¥ U m
# o

p.304
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of mass , Ix' dm = I y' dm=0 . The last initegral
is simply MD® because j dm=M and
. Therefore , we conclude that

22 2
D* =Xxc + Yem

=1, +MD’

Figure 10. 17 A rigid object ro-
tating about an axis through €1
Each mass element dm rotates

about O with the same angular ac-
celeration ¢, and the net torque on
the object is proportional to e.

B 4.2.1.12 % 4 < 4 Fundamentals of Physics,
", p.308

For any given element , we known from Newton’s
second law that dF, = (dm)a,

The torque d7 associated with the force dF acts
about the origin an dis given by

dt=rdF, =(r dm)a,

Because a, =ra , the expression for dt
becomes d7=(r dm)ra=(r* dm)o

It is important to recognize that although each mass
element of the rigid object may have a different
linear acceleration a, , they all have the same
angular acceleration ¢ . With this in mind , we
can integrate the above expression to obtain the net

torque about O due to the external forces -

Chapter 10 Rotation of a
Rigid Object About a Fixed
Axis

10.7 Relationship Between

Torque and Angular
Acceleration

LI VAR o - vk =r A
FI O rRDEF 0§ R
B I T e s K
é*;@:omfém# F&@ 4

%wﬂﬁm&ﬁﬁﬁﬁo

p.308
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Zrzj(rz dm)azafjlrz dm

The work done by F as the object rotates through an
infinitesimal distance ds=r d@ inatime dr is
dW =F-ds=(Fsin@)r d6

Because the magnitude of torque due to F about O
is defined as rFsing , we can write the work

done for the infinitesimal rotation as

Chapter 10 Rotation of a
Rigid Object About a Fixed
Axis

10.8 Work , Power , and
Energy In Rotational

Motion

dW =7 dé (10.22) | $* B3k~ & 3| e 5 it
The rate at which work is being done by F as the R "‘*ﬁtév\ 'ﬂ'ﬂﬁ‘u £ # | p312
. : ... dW _dé PRI HFEASEER
object rotates about the fixed axisis —=7—
dt dt A {t“ Bk %
Because dW /dt is the instantaneous power o ARa AE gk
delivered by the force , and because dé@/dt=w |, —F% CHEPR TR BZER
this expression reduces to BB I e v 12fz rmp? #
o= _ w0 (10.23)
dt
Work and Energy in Rotational Motion Chapter 10 Rotation of a
To show that this is in fact the case , let us begin Rigid Object About a Fixed
Axi
with ZT =Ila . Using the chain rule from the xS
10.8 Work , Power , and
calculus , we can express the resultant torque as Energy In Rotational
do  dwdl  do Motion
Sr=la=l—=1—""=]— )
dt  d6 dr  do R L MR-
Rearranging this expression and noting that gFxomid? g i
i B bR EEER
Stdo=dw =1, do R p.312
P O eeh— PR
. . . X . p.313
Integrating this expression , we get for the total gz m kR o RS A
work done by the net external force acting on a B 6 $HpEEFa- R
rotating system oo LREAE ARG ER Y
o ﬁ;‘é-ﬁ"”rx‘)
Sw=["Srao=["1,do=~1, <1, * TR TR
o @ 2% 29 Ehd 2 kFERERY I
R R
SEEL A Fs/?ﬁ k&
Fom SR EFERI
PR R
the linear speed of the center of mass for pure Chapter 11 Rolling Motion | P.328
and Augular Momentum p-329
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rolling motion is given by v, = % = Lj: R,

The magnitude of the linear acceleration of the
center of mass for pure rolling motion is
do

dvey,
oy = — gEL _ R
M dr d ¢

11.1 Rolling Motion of A
Rigid Object

NI ARE R B A
T s s
B i E

The derivative of the cross product with respect to
some variable such as t is

—{AxB) AX £E+£éxB
dt dt

Chapter 11 Rolling Motion
and Augular Momentum
11.2 The Vector Product
and Torque

PN R AR A BT
RS VR T e A
{ﬁwﬁﬂ:@ﬂmﬂ

fFow gt 95 % | p.333
L A e ;\ :f-%—ifl HFord
P eI 99 FiE e
¥ vt ,figgngfﬂ‘s? ;g - T
TR Rg S &3
FRAKENE MR
ZEME T R U Ea S
FoNA ] HERANL o
In describing linear motion , we found that net Chapter 11 Rolling Motion
force on a particle equals the time rate of change of | and Augular Momentum
its linear momentum , z F=dp/dt . Wenow 1.3 Angular Momentum
of a Particle
show that the net torque acting on a particle equals | 342 A i i 42 ¢
the time rate of change of its angular momentum . FERATRAFAEL
Let us start by writing the net torque on the particle | & & e B A LIk feeh
in the form FPRE 95 WHT AR
Zr—rXZF—rx— (11.17) ; o %,99 F_%,mﬂ o b
H A~ M A AR
Now let us differentiate Equation 11.15 with Eoo A RBIL P

respect to time , using the rule given by Equation
11.12 :

ar_d (rxp)=rx o + dr X
dt dt P dt dt P
Remember , it is important to adhere to the order of

terms because AXB =—-BXA . The last term on

’z‘;—:‘v‘,’:\\z}’&,

B ap e
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the right in the above equation is zero because

v=dr/dt isparalledto p=mv . Therefore,

L

11.18
dt dt ( )

Figure 11.10 The angular mo-
mentum L of a particle of mass m
and linear momentum p located at
the vector position r is a vector
given by L = r x p. The value of L
depends on the origin about which
it is measured and is a vector per-
pendicular to both rand p.

B 4.2.1.13 ¥ 4 < 4 Fundamentals of Physics,
', p.335

We can obtain the linear velocity of a particle
undergoing simple harmonic motion by
differentiating Equation 13.3 with respect to time :

Chapter 13 Oscillatory
Motion
13.1 Simple Harmonic

=% __pAsin(ar +9) (13.7) | Motion

dt fI* x=Acos(at+¢) *
The acceleration of the particle is TERIEEFREER o
a=2 -7 Acos(ar + ) (13g) | HERRET 2 & keen

dr Vol N RS- 4

s Tk e o . | p-392
ER Il @ FgRehp 3§ 5

IR e s LA 0 HY

= kSRR 220G W

B e

R 131 3= & Snlic
mm»*i? PR
FLEPEHES G R
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BREFEBHER - R BRI HEHPFF O PR 23R L B HPER




- P AN R L EBEEF S R A

B 5T e bR S R ﬁazﬁ AR RRZESERIY K
BenP R R AFR L LAY g RE T e L R Y
A BE S B AHE In Red B A A &%ﬁmﬁﬁﬁﬁ‘ﬁﬁﬁﬁﬁﬁ‘
EEES NERE Y SIS RS RIS LT SRR AP
A BEY T PER

o
=
o

&

LR MBS ERI DRI 2L TR G AR
BB PHE OS WHY T AR W A TR 2P I B E e
L 99 Bt T At b e B BRI B g -

LIS Y AEAY FIY - BEuaE ‘r%-%.%{rﬁ g o Hirw R A ah

LB 95 WA 99 M o FApF AL o it F G 4
WA EE A > N F R AAREHBTH TN RTE e  E Y REM
HH o~ 3N ARRN F o
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4202 BB 2 kA4t

~ & F# : McClave , Benson , Sincich (Statistics For Business & Economics) [67]

BR R EIHRE kY H3 21 BE AR R TSP E - P d s
PELRNG  ANALE NEY KPFUERE SE Y PRPFEFFEAF 0 2
AR

T B [67] - Z e FIE P 23 Amazon R F R [76] 4 R F A A T
L A D A SE R "E’#Iﬂ Hrpd “i—ﬁ/ﬁ Al > ATER
1 ﬁ o

BB RS - PR iY@ A g HOT— A4 3t o8 M21 -
Ridsigt o hE 8 G 14 0 AAAA B LEA Stk s < - B
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Probability Distribution , Mean , and Chapter 4 Random Variables amd

Variance for a Poisson Random Variable Probability Distribution

Ate 4.4 The Poisson Distribution

px)= (x=0,1,2...) .
(Optional)

u=A1 Poisson 4 i ;4 3AC A8 F & 15 0

o’=1 2o - Bimg 5 P FEp Rk

where A =Mean number of events during | X & & ® FopF B B IR & % - 4g TH

given unit of time , area , volumn , etc. Beoorg 4 od ol PIAS BN

e=2.71828 ¥ il ® HF %4+ Poisson
experiments o F ZHp B3 4 ) %
# P X 5 Poisson random p.218
variable » # % 5 & i £ 5 Poisson
distribution °
TAY FRG R Tk A &
%P8 o fu B A SR
RS p(x) iLf R
NS TR S E Yy
BT UERE Y 24T B
Pl oo BAM Y Y TG R
FRdchkd B s BE AR
SRR B T M o

Students with knowledge of calculus Chapter 4 Random Variables amd

should note that the probability that x Probability Distribution

assumes a value in the interval a<x<b | 4.6 The Uniform Distribution

is Pla<x<b)= J ’ f (x)dx > assuming the (Optional)

a BT N BRI
integral exists . Similar to the requirement | P(a<x<b) & &% &
for a discrete probability distribution , we | a<x<b > f(x) & &RT ha ff > p-224
- e AR TENE L 4 L A o

require f(x)>0 and .L f(x)dx=1. F’Z_f ::I: N ]'; iﬁl _ﬁ ; , j’ﬁig
Fig Mg 2 3ehl R &ffA
BE S FH®TREFA ) TR
BT ISP o

Probability Distribution for a Uniform Chapter 4 Random Variables amd 0225

Random Variable x

Probability Distribution
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Probabilty density function :

c<x<d

1
f) ==

—c
c+d
2

Mean : u=

d—

o

Standard deviation : o =

5

Pla<x<b)=b-a)/l(d—c),cLa<b<d

The students with knowledge of calculus
should note that

P(a<x<b):_r)f(x)dx

=j”f(x)dx:j"1/(d—c)dx
—(b—-a)/(d—c)

4.6 The Uniform Distribution
(Optional)

PRk AR RIS AT
¥ ?ﬁ&&'v&ﬁﬂ{;& V= AN
T ot R £ o

AL AREE- BV E S I TRk
—fu | %i,g\?‘—'— E‘ﬁﬁ&:ﬁqa‘ ;oM ¥ %
SRRl Y 420 S 2N [ B
P EHF LS T 4R i“‘*’
TRHHAIENEYER ZE

>

i3 11 ehg 4 k& g Ffaehe

[ )

Probability Distribution for a Normal
Random Variable x

Probabilty density function :

[ =

; PRURICTIL

oV2r

where

1 =Mean of the normal random variable
X

o =Standard deviation

T =3.1416...

e=2.71828...

P(x<a) is obtained from a table of

normal probabilities

The student with knowledge of calculus

should note that there is not a closed-form
expression for Pla<x<b)= J.b f(x)dx

for the normal probability distribution .
The value of this definite integral can be
obtained to any desired degree of

accuracy by numerical approximation

Chapter 4 Random Variables amd
Probability Distribution
4.7 The Normal Distribution
L] ﬁi«k\ oot Bk AR F P ¥
g R R S B H Lo
Bi AR AL A F R R Sk B
wwuﬁﬁJzﬁ ern 1 5T
R R i 1o s L P
e Pl gilic g 2 FEY
I 4§ Hgtenp 3
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o
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P229
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procedures . For this reason , it is

tabulated for the user .

Sample Mean - (large n) Chapter 4 Random Variables amd

Flo)= 1 U CO Ay Probability Distribution

0';\/% Chapter Notes p-273
BRAED F AT ko AL
£AF R o
ATz REMA A AN 12 AR G AERYDER 2 AT u—”FT il
3 Rt

¥ SPSS ~ MINITAB ~ EXCEL # # > & $4ie i@ * 088 f2 47 4L ‘fu’ié} 73
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PEFREP LR SFF P I AT A RE Y T RS KM F T Rk
BN AR IS N R IO A8 P o

TR A BRI g A g

M % A 4
Au 5.6 The Kinetic Molecular p-157
F=ma=m(—
At Theory of Gases
Where F represents force , a represents the EH PP gt A

acceleration, Au represents a change in FoER T ERY gtk
velocity , and At represents a given length of | i# & > @ 4vik B en@ & 424

time. RS il AR
Since we assume that the particle has constant | ¥+ PF B e— =X $ 8o 4 ig42 %
mass , we can write £ Au s FREME B
_Au_ A(mu) & F 7 prA LA o
BN
5.6 The Kinetic Molecular p-161

Theory of Gases
Maxwell-Boltzmann
distribution( % 5. 27 = f - %

ki)

=

R
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Molecular velocity (m/s)
FIGURE 5.15
A plot of the relative number of O, mole-
Cules that have a given velocity at STP

B 4.24.1 # it < 4~ > Chemical Principles °

5" p.161

Fa)=4r| ——| we /7
27k, T

Where
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u = velocity in m/s

m = mass of a gas particle in kg
k= Boltzmann’s constant=1.38066x107> J/K

T = temperatire in K

The product of f(u)du represents the fraction | fp 3 7 du 5 i# & e | p.161
of gas molecules with velocities between u and | -] 3 & > * T icfE A LA -
u+du , where du represents an infinitesimal
velocity increment.
8.5 Titrations and pH Curves p.308
Ll F1#*  Titration jF %% ® i
! pH phdg @& 5E o W WER
& DR R EY S &R S F1E
= 8 Equivalence SRk R
6 point R Vg AT v R N BE
S 3 GEE CaIuEe
2 E
0 10 20 30 40 50 60 70
Vol 0.10 M HCI {mL}
B 4.2.4.2 & it < * > Chemical Principles *
5" p.308
Infinite-Step Expansion. If one continues to 10.2 The Isothermal Expansion | p.408
increase the number of steps , the magnitude of | and Compression of an Ideal
w, (for an n-step process) Gas
p Feo T4 & 55 B oL L 5l
Continues to increase T - @A S o
Now we consider the limiting case — a process 10.2 The Isothermal Expansion | p.408

in which P_ is changed by infinitesimally
small increments . This case corresponds to use
of an infinite number of weights , each differing
from the previous one by an infinitesimally
small mass . Under these conditions the
successive volume changes become
infinitesimally small (dV) , and the process

and Compression of an Ideal
Gas

SLEEEFMEAS Y,
WDV, W F Rtk 3R
L

t'"-i— f/]:’ _'rf’]}é o
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requires an infinite number of steps . The

mathematical operation needed to sum the steps

in this instance is the integral

|W0rk| = I:z P dv

The diagram corresponding to this process is

given in Fig. 10.8.

PF

Pressure
|

Volume

B 4.243 ¥ it < 4~ > Chemical Principles °

5" p.409

10.2 The Isothermal Expansion
and Compression of an Ideal
Gas
AR -BRAESEE K
FiE%E 10804V, 1]V,
fe— A3 @

AV, =V, =V, #-H AR 5 R
SRR P d R ER
A SR gk o/ oYiat A N
2B P HEYIBHED
B RERETE G P

BE R R AR

|l

Prr’ o Bt o % i A

v

94 e 4

AV.
Prr’d, = P, ( : j =PAV,
r

i=1
Bk A B g HABIT T 7
UGS R G S

szVVZPdV

p.409

Since P_ =P, =P in the reversible

gas

expansion , by use of the ideal gas law ,
nRT

Pesz:

. nRT dV

Since n and T are held constant in this

and |Total Work| :|wm| =Wy

experiment ,

10.2 The Isothermal Expansion
and Compression of an Ideal
Gas

JI* 53¢ fgaa@ey 4

2% PV =nRT 7|
p="RT 3 ws g a e

BHEMEHFEHRY YD

) 1
$157 5 In x=j"- dt
at

p.410
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v, dV

VIV

w._ |=nRT

rev

:nRTan\g—hlvganTln(%%J

1
In this specific experiment V, =4V, .

Therefore ,

=nRT In4 =1.4nRT

Wrev

w

rev

And since BV, =nRT |,

=1.4PV,

For this particular expansion .

ab>0 o P BAAE B
E 4 Wengetp § o %
TFAEY

- T

1 .,
— Inx=— > x>0 #Anm
dx X

In % p e G K
T REOMF

v 10.2 The Isothermal Expansion | p.410
|Wmax =W,,|=nRT In (sz and Compression of an Ideal
: Gas
v AP S BEY T p
w., =—nRT In (VZJ R4 In g 2o g S
: B Mm In> #0323 24
HERT W
V2
Gy =W, =hRT In| —
Vl
Wrev = _Qrev = _nRT ln &
Vl
p.412
Or in terms of pressures , p-449
p.449 ¢ & G * I pt 5Nkt
R o
Wrev = _qrev = _nRT ln - ﬂE‘T ]}d% °
2
Infinite-Step Compression . Notice that in 10.2 The Isothermal Expansion | p.411

compressing the gas isothermally , as the
number of steps increases , the work required to
compress the gas decreases . If we compress the
gas in an infinite number of steps (in which , at
all times P, = P), the work required is

and Compression of an Ideal
Gas
BiEARY LA
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wi|=["Pav= nRTln(ﬁj
\ V.

1

=nRT In (lj =1.4PV,
4

1

(In this specific experiment V, =4V, .)

S=k, nQ 10.3 The Definition of Entropy | p.414
Where P p AREE In gt
k, =Boltzmann’s constant , the gas constant +HHE MR In> ¥XG R
per molecule (R/N, ) HEFIH @ LA - BT entropy
Q =the number of microstates corresponding to | 7 3 % In &3t > 5 ¥ 4%
a given state (including both position and ERECE S s
energy)
10.3 The Definition of Entropy | p.416
AS =nR ln(ﬁj with E* PP ARHE In> gt
: FHEHR R In> £2F 3
IH B RE -
4., =nRT In (&J
Vl
Temperature Dependence of Entropy 10.4 Entropy and Physical p-416

For an isothermal process we have seen that the

change in entropy is defined by the relationship
AS = Tev
T

We can calculate AS for a change in
temperature from 7; to 7, by summing
infinitesimal increments in entropy at each
temperature 7 :

d
dS — quV
T
Using integration , we have
— b _ & dqrev
AS Vi-V, T, - T T

If the process is carried out at constant
pressure , then
dqrev =n CP dT

for n moles of substance . Thus

Changes
BT P IE T 6 % T
LA RIlEH S F

&oamas =t R R

T, 3| T, o3&+ &)
AR R A
I dqrev -

—_m
LT
- EAREE EFERS TR
+ o A EFEd dg,, =nC, dT
0T - BRHAS

5, dT

7, d.
ey — nCP we
n T n T

AS, y, = ds=

AS =

V=V,

T,
= AS, . =nC, ln(—ZJ
1 2 71
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dq[ev T, dT
AS V1—>V2 _J. =nC, T

assuming that CP is constant between 7, and

T, . Performing the integration gives

T,
AS, ., =nC, In (f]

Similarly , for a process carried out at constant

|

volume

A&ﬁW:nQ,M(

e

S, =(2.00 mol)| 75.3 I In ﬁ
K mol 323

J 423
In| —
K molj (373}

=21.7JK

S =(2.00 mol)(36 4

=9.16 J/K

10.4 Entropy and Physical
Changes

EHPlp AR Iny A AP
373323 & 423 i

100°C ~ 50°C £ 150°C &

BHERE LI

fEL g ln(%j g

423 . s
h’l(%j REAE 0 B EAR

. (373) (423)
5 In In| — | =
323 373

WAL G B ke

p.418

T,
AS, ,y, =nC In (f]

where Cis C, or C,

10.8 Entropy Changes in
Chemical Reactions

) pAREE In gt
FH e MR Ino £ ﬁ
;}J_Fjv H s ﬁué‘ o

p-427

G =G +RT In(P)

AG = Z Gproducts - Z Greactants

(10.7)
AG =AG’ +RT In(Q)

10.10 The Dependence of Free
Energy on Pressure

10.11 Free Energy and
Equilibrium

AN AR A 1010 ¢ EF
* I f AR In S
W8S H A DI Ino TR
SIESTRIERTE

p.434

p.441
p.475
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¥ ¢k > % 11.4 Dependence of
the Cell Potential on
Concertration % © ~ 3 f/*
¥ AG=AG +RT In(Q) %

[
In(K,) = ~AH’ +A_S° 10.11 Free Energy and p.442
RT, R Equilibrium
and AN SR A 1010 ¢ E
—AH’ ) * PP RRE In eh 3 5 iE
In(K,) = AH  AS” J ¥ In i
RT, R BN H B IR Ino TR
Subtracting the second equation from the first 7 AL B EE -
gives the combined equation :
ln(ﬁ) _-Ad |1 1
K, R |T, T,
This is called the van’s Hoff equation after the
Dutch chemist Jacobus van’s Hoff .
Recall that the energy of an ideal gas depends 10.14 Adiabatic Process p-447

only on its temperature : E =nC,T
So for an adiabatic process ,

AE=w=—-P_AV =nC,AT

ext
For an infinitesimal adiabatic change ,
dE =-P dV =nC,dT
Assume that the adiabatic expansion or

cpmpression is carried out reversibly . That is ,

P, is only infinitesimally different from £,
(Pexl = Pgas) °
Then B, =P, =KL

v

Thus , for a reversible , adiabatic expansion —

compression , we have

dE =nC,dT =P, dV =P, dV = ”IfIT dv
and — ”f]T dV =nC,dT

P AR AT S R
2o Bk 1T TR 5 A

i\;;%?{j}ﬁnbamﬁij

giv o im kW IHE A MG
Ao
ﬁi%ﬁmﬁﬁ  d
AE=w=-P AV =nC,AT
dE=-P _dV =nC,dT £
p,=p, ="

v
- %dT i

Rav s eaqun)
Y

cvjf%de—RjVVf%dv

Jopt B e B TT 2L
= 3 BT N AHAf »
HRE o
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which can be rearranged to %dT = —ng

We can derive an expression for a reversible ,
adiabatic change from V, to V, and from T
to 7, by summing (integrating) the

infinitesimal changes required :
51 v, 1
(&L{;dT——RL{vdV

where C,, is assumed to be independent of

temperature over the interval 7, to 7,

Evaluating the integrals gives

C\,lniz—Ran =R In v
71 Vl V2

Taking the antilog of each side we have

- )
or | L[ MY (M
7—1 V2 VZ

where y= S
CV
T, V'
Thus ?2 = ﬁ or TV/"' =T,V

1 2

Using the ideal gas law we can also express this

result in terms of pressure . Since in this case ,

10.14 Adiabatic Process
g ik WA A
SEEE A LA
%{%%ﬁ%*ﬁﬁﬁﬁﬁ
i PEE CHY G4 R
%v&{ﬁﬁ&ﬁﬁ*$~&
FARR TE RfZ

p.447
p.448

£V, _BY,
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