1 | B O 4 2 O S B 5% 1B

B S - < S ] O ] 0l 6 e i 428

AN S HE
= 3 i

e






¢

100

97

30

¢

¢

¢

pN

p>

p>0

102

¢

> >






D
<

¢

¢

b

103

A 108

¢ >

b

P>

103

11

b

b

28

107

¢

¢

¢

b

p>

>«

b

108






(N¢
w

B ettt 3
B et nn ettt e, 6

K S TP 57

B 67
B ettt 67
B ettt 74
B ettt ean s 83

S T PP 97
B et 97
3A A e 143

B ——————— 163
B et 163
B et 171
B et 190

N
N
o
a1



e ————— 213
T OO 213
T OO 213
B ettt 214

K S 225
B e 225
3 e 252
3 s 276
% -A - 281
3 e —————— 332
3 - RPN L |

3 e 473
3 m e e e st s 474
B ettt ettt ettt ae ettt ree 474

e 485
B e 485
B et ae ettt ettt et ettt n et n s 490
T OO 499
B ettt ettt ean et en et 502

3 Q& A e 509



105

b

103

11

¢

p>

p>

>«

pX

¢

pX

>«

Q&A

P

p>

I>¢

¢












N¢
A<

NJ
lj 1NJ L .U
lj 2NJ L .U
lj 3NJ L .U

i 1NJ _ ) A A

i 2NJ

¢

P
P

li 3NJ

P
P
P
P

j 4NJ U

lj 5NJ A (big -idea)

j core concept NJ

li 6NJ 99 A

P

P

i 7NJ 99

P
P

i 8NJ 99

pX

A Framework For K-12 Science Education,2012 .
NGSS( Next Generation Science Standards, 2013) . STEM(Science, Technology,
Engineering and Math ematics) . Big ideas (principles and big ideas of science

education,2010) . PISA, 2015 , ) A



INJ
2NJ
3NJ
4NJ
SNJ

INJ

2NJ

2NJ

3NJ

4NJ
S5NJ

p>

A
A lj
A
A
A A
A A
lj 3NJ
3 12 A
NJ
/ ] 4 7 8NJ
A
A A
A
4

p

INJ



10/11

li 6NJ

i 7NJ
U3-12

NJ

i 1NJ
li 2NJ
li 3NJ

i 1NJ

li 2NJ

Do P

b

.>(

.><

.>(

p>N

p>N

19

SNJ

NJ

:>(

6NJ



li 3NJ

(N[

NJ

¢

> >
<

b

b

p2

p>

p>

¢

¢

p



lj NA
A A
lj NJ
U A
A
U ) A
A
217
INa-. -6 513
A A A
A e
A
217
513
INa-. -8 A
A
INa-_ -1 5
. A 120
A <A,




p>

A
A 217
S 513
INa-, -5 .
y A
A
A
217
INa-, -6
513
A
<A,
A
217
INa-_ -7 513
A A
A
A
INa-_ -9
<A, A
( )
INa-, -10 A
A <A,

b




2-2-3-1
A
A
A
INe-, -2
1
P NJ
2-3-3-2
( A
A
INb-, -7
A
A
INb-, -2

b




INb-, -5
A A
A A
INb-_ -7 .
INb- -7 A
A 5
121- A 230-
A 231
INc-, -8
. A,
A
INc-, -9 _
A A
A A <o A
INC-, -2
. A
j  NA
INc-, -4
A ~
. A
A
INc-. -7 A
AL x

10




P

A INb-, -6 A
A
A
A
INc-, -8 A
A
A
A
INc-, -9
y A
A
A
131- INc-, -7
3b.
l
U NJ
INd-, -11 y
( DA
A
A

11




INd-, -12

A A
A
INe-, -5
l.‘j
A
A
INe-. -7
A A
l.‘_]
U 4c.
INe-. -4
YA
INe-. -8
A

12




INe-, -10

A
" A
A
510-
INe-, -13 4a
A
A A INa-, -10
A
INf-, -2
512-3a
INf-, -6 (
A .
A
INf- -7
INf-_ -3
(
)
A
INf-_ -5
A
INf-_ -6

p>

13




INg-,

-1
l
A NJ
A
INg-, -2
. A,
INg-. -4
A A
A
INg-. -5
A
INg-. -6
INg-. -7
520-2b
UINf-, -1
10 A
2U A
i NJ

b

14




(Aa)

p>

¢

p>

(Ba)

¢

¢

(Bb)

¢

¢

(Cb)

NJ

(Ea)

b

b

b

lj EbNJ

3.Eb--

-5

p

49.

4f.

15




4, A
A
A
(Ja) A i
ppm A I

(Jb) NJA

(Jf)
) _ 0

(Ka) | 2. 0 .

- A
Ke-« -7 A
(Ke) b3 )
A A
Ma-. -5 i —
A
i MaNJ
(Nc)
2.
1. 5 <
(Fb)

16




P

A
A
A A
(Hb) A
(1) A
A A
A
(Ib)
A
(Ic) .
). A
4
(Id) A
A
(Md) A

D

17




(Na)

N

(Nb)

N
NP A
. w
P>

>

b

(Bc)

A U
(1)Bc-- -1

(2)Bc-+ -4

P

b

P

(Bd)

pT

UBd-- -3

b

18




1. A A
2. A A U
(Da) (1)Da-. -1 ( )
A
1. A A
A A U
(Db) ( . )
A U
2. U
1. .
2 Dc-. -3 A
(Dc) A U U
3. U
. A A U
(Fc) A
A A
U A
A
(Ga) A
(1) A U
i A
A U ABO
(2) A U A
(Gb) | 1. A A
( ) U
- A

pX

19




p>

(Gce)
A
A
(La), (Lb)
A A
(L) A
A
A A
A
! U
) A }
N 0 )
l NJ
) A U
A A
A A
) A
A A A U
. A
C )
A
i A
A A

20




. A
A X
- A
A
A
A
A
A
A )
A
A A
i NJ
1.
i 1NJ
A A
6 2 A
A
(1)4 A
A A A
(1) A A
A 2)
A A
A
A

21




99 (1)

g9

¢

¢

p~

22




g9

i 2NJ

p>

p>

pX

pX

99

¢

¢

>

p

p>

p

23




g9

24



A A 99
B A 12 10 A
A A
A
A A .
A
99
i 1NJ
99
2 2
99
i 2NJ
g9
12

p

25




g9

12

B)

>

p X

¢

¢

26




i 1NJ 99
99 A A
A A
A i
A A
A U
99 ( )
5
li 2NJ 99
99 12
2
. 2
. ()
1. 1. () A
2.
3. 3.
4. 0 _
U TLC
() U 99
I
NJ.,
1. A
1. 2.
2. 99

27




12

— o o <

l

NJ

g9

— N ™ <

)

(

28



12

1.

99

12

2.

12

— o o <

g9

— N ™o < 1o

29



i 3NJ 99
99
10
2
lj JaNJ 99 ()
A
j BaNJ
U
i EcNJ 1. 99
A
2.
(
( 3.
A
lj JeNJ 99
¥] A
A
i JeNJ 1. 99
§] ( A
)
)
U 2. 99

30




g9

10
2
99
i AaNJ i 99
()
99
i CbNJ
99
0 lj JNJ ()
U
0 A
§] U
(
) )
U
0
0
i JANJ 99
. §] A
0
i JaNJ 99
§] §]

31




99

10
2
0
i JbNJ 99
0
0 A
A
A
A
A
A
99
U i McNJ
U )
A
. 99
i MNJ
i MaNJ

32




99

)
10
2
U i MoNJ | 2. A
3.
4.
j INJ 99
A
A
99 A
j 2NJ
A
A A
A
A A A
A

33




i ANJ

i BNJ

li ANJ
li BNJ
li CNJ

li DNJ

li ANJ

li BNJ

p>

¢

¢

b

¢

¢

34

¢

¢

p o

p>

pX

p-

¢



li 3NJ

A. U A
A
B. U A
A
C. §] A
A
D. A
i 4NJ 99
99
99
EEd Vc-1
A
. A
EEd Vc-2
EEd Vc-3
EEd Vc-4

(Ed)

35




99

EFaVc-1
(Fb) ]
EHa-Vc-1
EHa-Vc-2
A 5
A
EHa-Vc-3
A
(Ha)

p

NJ .

p

36




99

(Hb)

EHb-Vc-1

EHDb-Vc-2

¢

¢

¢

¢

(Fa)

EFaVc-1

EFaVc-2
EFaVc-3

EFaVc-4

EFaVc-5

p~

¢

(1)

Ela-Vc-1

Ela-Vc-2
Ela-Vc-3

Ela-Vc-4

b

37




99

(Ib)

Elb-Vc-1

Elb-Vc-2
Elb-Vc-3
Elb-Vc-4

Elb-Vc-5

Elb-Vc-6

Elb-Vc-7

pX

P

P

P

p>

(Ic)

Elc-Vc-1

P

Elc-Vc-2
Elc-Vc-3

Elc-Vc-4

¢ I

b~

38




99

(1d)

Eld-Vc-1

(Md)

EMd-Vc-1

EMd-Vc-2

A
EMd-Vc-3

EMd-Vc-4

A

p>

(Na)

ENa-Vc-1

ENa-Vc-2

A

ENa-Vc-3

~

A

ENb-Vc-1

39




99

(Nb)

ENb-Vc-2

p>

ENb-Vc-3

ENDb-Vc-4

¢

¢

(Na)

ENa-Vc-1

ENa-Vc-2

li 5NJ

¢
p-

99

p>

99

99

EFaVa-1

40




99

(Fa)

EFaVa-2

EFaVa-3

EFaVa-4

EFaVa-5

EFa Va-6

EFaVa-7

P>

(Ha)

EHa-Va-1

EHa-Va-3

A

T P

pX

(Hb)

EHDb-Va-1

EHDb-Va-2

P

|-

41




99

p>

(1)

Ela-Va-2

ElaVa-3

A

Ela-Va-4

Ela-Va-5

A

Ela-Va-6

Ela-Va-7

p>T

P

1]
NJ
0

A
A
3.
A U
5.

p>

42




99

EMd-Va-1
3.
EMd-Va-2 — .
A
EMd-Va-3
5.
(Md)
ENa-Va-1
A A
A
. A
ENa-Va-2 A
(Na) A A
A
A

43




99

ENa-Va-3

ENa-Va-4

ENa-Va-5

A

P

P

(Ed)

EEd Va-1

EEdVa-2

EEdVa-3

EEd Va-4

EEdVa-5

EEd Va-6

NJ

b~

44




99

A U
A U
99
EEdVa-1
EEd Va-2 A
B A FE G K M
EEdVa-3
EEd Va-4
(Ed) X A
EEdVa-5
EEd Va-6
j U

NJ

45




99

p>

(Fb)

EFb-Va-1

EFb-Va-2

p>T

(Ib)

Elb-Va-1

Elb-Va-2

Elb-Va-3
Elb-Va-4

Elb-Va-5

A

Elb-Va-6

46




99

A U
Elb-Va-7
A
A 5
Elc-Va-1
A
A _
Elc-Va-2
Ic
(i) Elc-Va-3
Elc-Va-4
A A

47




99

Elc-Va-4

A

(Id)

Eld-Va-1

Eld-Va-2

(Ha)

EHa-Va-1

EHa-Va-2

A

b >TE > ¥

b

48




99

P>

EHa-Va-3

A

P

(Hb)

EHb-Va-1

EHb-Va-2

P>

p>Ti

P>

(Fa)

EFaVa-1
EFaVa-2

EFaVa-3

EFaVa-4

EFaVa-5

EFaVa-6

EFaVa-7

pX

pX

49




99

(1)

Ela-Va-1

ElaVa-3

A

Ela-Va-4

ElaVa-5

A

Ela-Va-6

Ela-Va-7

p>T

1]
NJ
0

A
A
3.
A U
5.

p>N

50




99

(Ib)

Elb-Va-1

Elb-Va-2

Elb-Va-3
Elb-Va-4

Elb-Va-5

A

Elb-Va-6

Elb-Va-7

pX

pX

b~

51




99
5.
Elc-Va-1
A
A 5
Elc-Va-2
Elc-Va-3
Elc-Va-4 2.
(10 A A
c N
U
Elc-Va-4
A
5.

52




99

(Md)

EMd-Va-1

EMd-Va-2

EMd-Va-3

(Nb)

ENb-Va-1

ENb-Va-2

ENb-Va-3

ENDb-Va-4

P

53




99

(Na)

ENa-Va-1

~

ENa-Va-3

ENa-Va-4

ENa-Va-5

A

p>T

P

P>

P

p>T

p>

p>

54










(A<

/ 12
32
0
NJ A
NJ l NJ 3 A
A A U 6/18 10/18 .
2/18 A A
NJ 12 A
2-4
2-4
2-4
2-4
NJ 32 A 10
10 A U
2
2

57

I>¢



12

105

58



59




60




61




62




63













(N[

A
A A
3
ti- -1 INe- -4 -E-Al
A A
A A A
A A
INc- -6 A
ah-, -1
INc-, -10
A
ai- -1 A
INb-_ -6
A
A

67




INb-_ -7

A
po-, -1 INe-. -9 “E-A2
A
A A A
INe-, -5 A
an-, -3 A A A
A
P INd-, -9 A
tr-, -1 A
A
A
pe- -1 INc- -1 -E-A3 A

68




A ) A
INC-, -2 A
A . A
INd-, -5 A A
pe-. -1 A A A A
. A A
INe-_ -5 A
A
A
A
I NJ
A
pe-. -2
ah- -2 INe-. -8 -E-B1 A

69




A
tc-, -1
pa-, -1
pa-, -2

P

NJ

p>

b

P

A
INe -, -2
A .
A
INd-, -11

p>i

p>

I>¢

p>

70




NJ A
pc -, -2
. J U
NJ U
A
po-. -1 INf-_ -2 -E-B2
A I
A j U
PM2.5 NV
po-, -2 INd-_ -7 ‘
. A
A A

p>

71




INb -,

INg-, -7

“E-B3 .
A
: A
h A
INd -,
A
No-. -2 "EC1
A A
INg-, -3

T B
b




R INd-, -2 i
] A
A A
A INd-, -7 | |
| A
: A
A A
po-, -1 INg-, -1 -E-C3 ’
A A A A A
A
an-, -2 P |
INe-, -12
A A
| U
tm-, -1
INg-, -4
73




p>

A
A
ti-v -1 Ga-- -3 -}A1
ABO A
A Ge- -1 A
A A A
A .
{ Jo. -5 A
A
Ka-- -9
tr -« -1 A A
lb-. -2
A A

74




p>

ai-+ -3
A
A
tc-. -1 Gb-. -1 -JA2
A A
A A A
A U
A A X A A A
Jb-- -1 A
po-. -2 A
l Ke- -1 A
NG A A
A :
Kc-+ -2

75




p>

A
Fb-. -2
po-. -1 Db-. -5 -JA3
A A
A Dc-+ -4
A A
po-. -2 U1.
A A
lj Ca-- -1
NG A U A
A _
Kc-. -7
pe-« -1 A
A
Fb-- -4

76




lj NJ
A lj

NJ
pe-. -2
pa-- -1 La-« -1. -JB1

A A
A
pa-- -2 Lb-. -1
. A
A ] NJ A
A
Je-. -1 A

77




P>
-

A .

A Kc-- -8

pc-. -2 A

. J U

NJ Fb-. -1

A

A
pe-. -2 Da-. -1 -JB2
A
A
A A

Ge-+ -3

78




¢
¢

¢

pH

¢

p-
p-

p>
¢

)2
po

X

p
p>
p-
p
p




>

A A A
Ja-. -3
A
AU
Fa-. -2
ah-« -2 Lb-. -2 -JC1
A A A
A A
Lb-. -4 A
A U
A A
. A
Mb-. -1 A
A A

80




¢

Na-- -3
Md-. -2
7-9 A
tm-. -1 Na-. -4 -JC2 A
5Rj )
A . NJ
A | Fb-. -3 A
[‘]
ai-« -2

¢

81




an--

an--

p>

Ma--.

Nc--

Na--

Ma--

Nb-.

P>

p>

P>

-JC3

p>i

>«

I>¢

>

¢

82




(N[

NJ

i INJ

i 2NJ

¢

li 3NJ

i 4NJ

i 1NJ
li 2NJ

li 3NJ

i 1NJ
li 2NJ

li 3NJ

pX

p-

b

p-

83



li 4NJ

NJ A U
ai-- ¢c-3 BGa-~ c-6 S-U-Al
A

CMb-« a-1 A A

ah-« c-1 A
A
ENb-« c-3 A
A
tr -~ c-1 CMc-~ c-4 S-U-A2
A
A A A

84




Cla- a-2 A A
A A A
) A A
an-- c-1 PMc-~ c-3 A
A A
EEd+ c-4 A A A
A
A
ti-« c-1 BLb-« a-4 S-U-A3
CCa- c-1 A
A A
A A
(
tm-« c-1 PKa~ c-7 A

p>

85




A A A A A
U A A
A A A
A A
po-« c-1 Elb-« c-1 A
A A
A
A
pe-- c-2
A
pa-« c-1 CEc+« a-3 S-U-B1
A
A
86




pa-«

pc-~

>

v

c-2

pX

p>

c-2

NJ

p>

>

PKe-« ¢c-3

EMd-« c-3

p>i

p>i

pX

b

b

>«

p>N

b

p>T

pX

b

P>

p>T

87




A
po-+ c-1 CMa-+ c-1 S-U-B2
A X A A
CMa-+ a-2 A
A A
ah-« c-2 A
PMc-+~ c-1
A ) A
PMc-« c-2 A
A
ENb-« c-2 A
A A
A

88




I>¢

b

b

b

p>N

pX

p>

¢

b

b

89




ai-~ c-2 CMb-« a-3 S-U-B3
PKd-~ c-6
an-« c-2
A
Elb-« c-2
A
A
ai-- c-1 BGc-~ a-5 S-U-C1
A
CMa-- a-1 A A
A
A A
A

90




p>N

o,

CMa-« a-2 A
PNc-~ c-3
ENb-« c-4
pc-+ c-1 CMc-+ c-1 S-U-C2
lj A
NG CNa-« a-3 A .
A A
A . A
PNc-« c-2 A A
A A
ENa-Vc-2

91




P>

A
A A
A
A
A
an-- c-3 BGc-~ a-6 S-U-C3
A
A CMe-« c-2 A
A A
) A A
CNa-« a-2 A A
PNc-+ c-4

92




b

ENa-~ c-3

P>

I>¢

I>¢

b

p>

P

pX

I>¢

p>

93













(N[

b

(N[

pN

¢

oY

pN

¢

¢

—~

¢

¢

b

97

b

po

> >
¢

po

.>(

p X

¢



&
U fop -’(
A
A A
A 4 A
BDa-- a-1
BDa-- a-2
. BDa-+ a-3
lj DaNJ
BDa-~ a-4
BDa-- a-5
BDa-- a-6
. BGa~ a-1
lj GaNJ
BGa+~ a-2 DNA

98




BGa+ a-3
BGa+ a-4
BGa+« a-5
BGa+ a-6
BGa+« a-7
BMc-+« a-1

lj MaNJ BMa-~ a-2
BMb-. a-1 A
BMb-. a-3 A

lj MbNJ BMb-~ a-4 6

BMb-« a-5 A DNA
BMb-« a-6 A DNA
BMb-« a-7 A DNA
BGb-« a-1

i GbNJ BGb-- a-2 A
BGb-« a-3
BGb-« a-4

99




BDb-+ a-9
li DbNJ BDb-« a-10
BDb-« a-11
BDb-+ a-12
BDb-« a-13
BDb-+ a-14
i MbNJ | BMb-« a-2
0
BDb-« a-1
BDb-« a-2
BDb-« a-3
BDb-« a-4
lj DbNJ BDb-« a-5
BDb-« a-6
BDb-« a-7
BDb-« a-8
i ManJ BMa-+ a-1

100




BGb-« a-5
lj GbNJ BGb-« a-6
BGb-« a-7
BLb-« a-1
_ BLb-« a-2
[j LbNJ
BLb-« a-3
BGc+ a-1
BGc+ a-2
. BGc-~ a-3
lj GCcNJ
BGc-~ a-4
BGc+~ a-5
BGc+~ a-6
. BFc+~ a-1
lj FcNJ
BFc~ a-2
BMc-« a-1
, BMc-« a-2 A
lj McNJ
BMc-« a-3
BNa-+ a-1

101




i NaNJ BNa-. a-2
A
A A A
. A A
0 A A
A
VI A 10%° A 10 A
A | A 10%°K
A 0K A A
A
A A A
A U
A

¢

102




<
<
VA,
i)
<
<
=

(2)

(D]
(D]

(D

(D

i)

(D

<L
<C
VA,
<
<
3

(A)
(B)

103



(©
(D)

(E)

(F)

¢

¢

b

¢

pX

> >
<

12

b

¢

99

¢

b

b

b

104




1-1 50 —

1 A
2-1 A A

13.

A
2-2 A
A

3-1
3-2

105




1-1
1-2
1-3

p>

NJ

2-1
2-2

2-3
2-4

¢

b

¢

3-1

3-2
3-2-1
3-2-2

3-2-3

3-3

0

p-

b

p>

U6
12-2 10710 A
10
12-4

¢

A

13-2-21j 1NJ
13-2-21j 2NJ
13-2-3
U . N

pN

>
p>

13-4l 1NJ
A

A
13-41j 2NJ

NJ

> =

106




3-4

3-5

¢

¢

>

¢

NJ

1-1
1-2
1-3

> |

2-1
2-2
2-3

2-4
2-5

lj F=maNJ

U4
q1.

11-31 1NJ

¢

¢

p>

p>

107




3-1

11-3lj 2NJ

12.

p>

12-3

I>¢

12-4

12-5

13-1
0

b
b

pX

¢

b

108




1-1

P>

2-1

3-1
3-2

p>T

p>T

P

P

NJ

U8
q1.
A
q2.
13-1
A
13-2lj 1NJ
13-21j 2NJ
14-1
14-2. 4-3 4-4
A
14-3
A
14-5
14-6

b

¢

b

109




1-1 EAY ° A U4
T1-11j 1NJ
1-2 A
2-1 A
3-1 1-1 2NJ A
3-2 lj NJ A
f2-1
4-1 u
A i A
4-2 A 14.
4-3 lj NJ
A
1-1 A U7
1-2 A T1.
1-3 A f1-2 A

110




1-4 13-11j INJ
2-1 A A
2-2 lj NJ A U A
3-1 A 3-1) 2NJ A
3-2
A 3-2 3-3
3-3 A
A
14-2

4-1 E =mcl
4-2
4-3

U 0.5

U 0.5

U 0.5

U 0.5

111




A A
i INJ A
i 2NJ . A
2. -
99 B
A A
A A
A A A 99
A A
A U
| 2
Il 2
2
| 2
Il 2

p>

p>

112

p>

>«

>

>«

p>



A A A
. A A A
A A
A
A U

1-1 U2
1-2 1 A
2-1 A A A

1. A
2-2 A U

A 2. . A
3-1 1990
i 1ISO-GUMNJ

1-1 A U 13+2 ] NJ

ll
1-2

113




1-3

1-4 A

1-5
2. 2-1 A
3. 3-1

3-2
4, 4-1
1. 1-1 U 8+21] NJ
2. 2-1 T
3. 3-1 A
4, 4-1

1-1 U3
2. 2-1 |

A
3. 3-1
14-1 A

114




4-1

4-2

U1

1-1

2-1

3-1
3-2

4-1

4-2

14-2

07

1-1

p

2-1

p

U12

115




3-1
3-2

4-1

> |

1-1

2-1

W NP s

3-1
3-2

U8
99

PV=NRTA

T

2-1

2-2

2-3

P

U5

116




N¢

1-1

1-2
1-3

2-1

¢

3-1

b

5-1
5-2

5-3

b

b

6-1
6-2

p>

I NJ

7-1

NJ

8-1
8-2

9-1

p X

U 10+4 |j

NJ

117




9-2

1-1

2-1
2-2
2-3

3-1
3-2

4-1
4-2
4-3

b

12-2

U 11+4|j NJ

pN

U1l

118




p

U 8+2j NJ

1
A

U 8+2 ] NJ
1

U 8+2Jj NJ
)l
13-1

A

119

p




4. 4-1
q5-2
5. 5-1
5-2 A
5-3 15-3, 5-4 5-5
5-4
5-5
1. U1l
2.
I
L 1-1 () 5+2j NJ
2. 2-1 T

120




2-2
2-3
2-4

3-1

12-2,

2-3

1-1
1-2

2.X-

2-1
2-2

3-1
3-2

4-1
4-2

5-1
5-2
5-3

b

6-1
6-2

15-2

1 6.

17.

U 17+21]

NJ

b

121




1. U1
A
2.
A U
7]
1 1-1 U2
1-2 T A A

1. A .

2. A 1990 j 1ISO-GUMNJ
2 2-1 * lj Uncertainty NJ _ lj ErrorNJ

A T A
A A
A
|l A ( )

122




q A B AA A AB A
2-2 A A
A B
U U
37 6 71
A
https://www.bipm.org/en/publications/guides/gum.html
https://www.nist.gov/pml/nist  -technical -note - 1297
3-1 http://www.npl.co.uk/publications/a  -beginners -guide -to-uncertainty -in-
measurement
A A
A
A

123




0
0
0
0
0
U1 A2
0
WIFI(
WIFI(
A
A

¢
¢

¢

pY

¢

WIFI

b

A 3.WIFI

b

WIFI(

)

¢

pY

b

124

pY

¢

¢

¢



5. WIFI( )

1.
j INJ
A. 2
B. A
A A
C A
D. A A
E A
1. CAb-Vc-1
2. CCa-~ c-1 A
1.

125




N¢

TLC

CAa-Vc-1

CAa-Vc-2

ClaVc-1

CMb-Vc-1

p>

b
b~ T >

¢

¢

b

CAa-Vc-3

CAa-Vc-4
CAb-Vc-2

p>

126




CCb-Vc-1 A
A :
CCb-Vc-2 1~18
A
CAb-Vc-3
A
CCaVc-2
A
A
A A
A .
U A
A
ClaVc-2 pPphET
A A

b

127




ClaVc-3

CBaVc-1

CBaVc-2

¢

p>

¢

¢

¢

¢

CJb-Vc-1

CJb-Vc-3

CJb-Vc-2

Cle-Vc-1

I

b

ClcVce-1

pH

p>

p>

p>

PhET

% ppm,

p

p

128




7. A
CJcVce-2
. 8. A 55 A
é > A U pH
CJd-Vc-2 10. A
A A
YD OH |11
CJd-Vc-3 pHA a |Og[H nj]A
CJd-Vc-4 100%
A
[‘]
0
CJfEVce-1 0 ,
CMc-Vc-2
CJfEVce-2

129




CJfVce-3

P>

CNc-Vce-1

CMc-Vc-4

Cle-Vc-2

CMb-Vc-2

10.

p>X

pX

p>

p>X

b

p>i

PM2.5,

pX
pX

b

p>i

b

b

130




CMc-Vc-1
CNa-Vc-4
CMe-Vc-4

CNa-Vc-3

CEcVc-1
CMe-Vc-1

CMe-Vc-2

CMe-Vc-3

CMa-Vc-1

CNa-Vc-1

CNa-Vc-2

p>

¢

p

b

p>

p>

¢

p

p>

131




i 2NJ

10

132



i INJ

lj JaNJ

ClaVa-1

ClaVa-2

P>

li BNJ

li BaNJ

CBaVa-1

CBa-Va-2

CBa-Va-3

CBa-Va-4

—

>«

lj ENJ

li EcNJ

CEcVa-1
CEcVa-2
CEcVa-3

U PhET

p>T

b

133




2. A
CEcVa-4 A
CEcVa-5 3. PhET } A
A
CCaVa-1
i CaNJ
i CNJ U
CAb-Va-3 1. . A
A
3. A A
i ANJ | 1j AbNJ
CJb-Va-1 4. A
CJb-Va-2
i JbNJ )
CJb-Va-3
i INJ CJb-Va-4
CJb-Va-5

A

134




—

—
—

li ANJ

li AaNJ

i AbNJ

CAa-Va-1

CAa-Va-2

CAa-Va-3

CAa-Va-4

CAa-Va-5

A

CAb-Va-4

b

p

b

p~

D¢ D

>

PhET

>

p>

p~

135




CAb-Va-1 U A VSEPR
A /
CCb-Va-2 U
i ANJ | lj AbNJ 1. A
CCb-Va-3 A A
2. A
i CbNJ | CCb-Va-4
i CNJ 3. A
(VSEPRA
4. A A
A j
local e-pairs NJ
CleVa-1 U
CleVa-2 . 3D
j JeNJ | CJe-Va-3 U
1. A
i INJ Cle Va-4
2.
3. A

136




p>

4. A
A
5. A
6.
(
Cle-Va-5 A
A
j JeNJ | CJe-Va-6
CleVa-7 1.
j INJ CJe-Va-8 A
i JbNJ | CJb-Va-3 )
I 2. A
A
3. A

137




p X

p X

i INJ

lj JANJ

CJd-Va-1
CJd-Va-2 - X
CJd-Va-3 A[H"] [OH?*]
A
CJd-Va-4

Ka Ko
CJd-Va-5
CJd-Va-6
CJd-Va-7
CJd-Va-8

o k 0N PE

p

pH

pH

A[H"] pH

p>

p

Ka

Kw
Kb

>

pH

ClcVa-1

138




i INJ

lj JoNJ

CleVa-2
CJcVa-3
CJcVa-4

CJcVa-5
CJcVa-6

ClcVa-7
CJcVa-8

pX

p>i

p>i

>«

i MNJ

i McNJ

CMc-Va-1
CMc-Va-2

CMc-Va-3

CMc-Va-4

CMc-Va-5

p>X

b

b

139




CMc-Va-6
CMc-Va-7

li CNJ

li ANJ

li INJ

lj CbNJ

i AbNJ

li JINJ

CCb-Va-1
CAb-Va-2

CJFVa-1
CJfVa-2

CJfVa-3
CJtVa-4

CJtVa-5

b

D I

p>

p>

b

p>

p~

p

¢

140




© ® N o O

3 ]
3 J A
CMa-Va-1 .
A
A
A
i MNJ| 1lj MaNJ
CMa-Va-2
1. A
i MbNJ | CMb-Va-1 2.
i NNJ )A
i MeNJ | CMb-Va-2 3.
A A
CMb-Va-3
CMe-Va-1 4. A

141




lj NaNJ

lj NcNJ

CMe-Va-2
CNa-Va-1
CNa-Va-2
CNa-Va-3
CNa-Va-4
CNc-Va-1

¢

¢

p X

p X

b

b

D,

p>

D¢

¢
>

142

p>
p




" N o <

oG

143



b~

b

p>

b

b~

p>

T
n
n
n
n
n
n
n
- T
n
]
n
. n
)(
n
n
n
n
n
n
T
T

b

b

p>

p>

144

p
p

p>

b

b




b

b~

b

b
b

¢

> °

b

p>

>t

¢

p

p

p

p

p

145




b

poX;
¢

¢

pN

p

¢

po;

pX

pX

p

pX

pX

p
poX

pY

p o

146




¢

poX;

¢

pX

b

¢

¢

pX

pX

poX

pX

¢

147




v
\ 4
b
b

A A
A A A A
t _ . A
A
A
. A
A
A

148




b

b

¢

(-

b

C:‘ |

b

C C

p

p>

p

p>

p>

¢

¢

149



v
\ 4
Y
b

A
A
(
A A
A
A
i A
A
-
A A

p

150




b

b~

A A
A *
A A A
A
A
A
A A
A
A
A A
A
A
A
A A .
A A
A

151




A A
A A
A A
A A
A A
A A

A
A

A A

A A
A

A

152




b

b

(Performance Assessment)

~

A

b~

v

b

(Portfolio Assessment)
A

cr
p>

p>

153

b~

b~

b

b

>< >(

p>



)

(

)

(

154



i NJ 1-
A .
U . U U
U /I A
A A A
A A
A A A
A A
A
I A /
A
A

155




A A
A
A A A A
A A
A
A A A
b 2
b A
G u A
[‘]
CI
CI

156




NJ

pX

(2003)

¢

pX
pX

P

b

b

pX

pX

157




P>

<

p>

p>T

pX

pX

b

b

P

P

P

b

b

b

pX

pX

pX

> |

b

158




. A A A
A A
U (2014), A 2014A 1(4),
i NJ
A A A
A A A
A A A A
A A
Uj 1NJ A alj 2NJ Ulj 3NJ
ulj 4NJ ulj 5NJ
Uj 1NJ A A lj 2NJ
ulj 3NJ A Ulj 4NJ
Ulj 5NJ A ulj 6NJ A Ulj 7NJ

159




Uj 1NJ U . alj 2NJ U
alj 3NJ U

P

Uj 1NJ Ulj 2NJ Ulj 3NJ
ulj 4NJ ulj 5NJ

160









(N[

NJ

(N[

>
< P C

b

1
NJ
1

b

¢

NJ

¢

163

p>

b

p-N



-2 d ; . (INd)., 3-4
(INd), A . (INb)... (INc). . (INg)..

>
>

¢
¢

i 1NJ U --
i 2NJ U
lj 3NJ

164



165



i INJ

>

P

pX

p>
>

pX
>

b
C

P

166

¢

pX

b

pX

> *




lj 2NJ

(end
Do P

167



A A
INa-, -7 A
A A
A
A
INa-, -10 -2
A A
A
A
-3
INg-, -5

168




3. A
3.
lj 1NJ v
) A
A A :
A A
A
A A :
li 2NJ
tc-, -1 pa-, -2 e
A lj NJ A
A A
an-, -1
i 0 NJ A A
INg-, -4 0

169




NJ

l

" o o <

=15

INg -,

-7

INg -,

170



N¢

NJ

i INJ

i 2NJ

i 1NJ

li 2NJ

li 3NJ

p>

¢

p>

b

P>

P>
¢

p>

b

P

P

p>

171

P

p>

b

p>T

P>

P

P



li 4NJ

i 1NJ

li 2NJ

><*

pX

(

p>

15-18

P

/

p>

P

T

b

p>

P>

¢

172

pX

b

p>

p>

p>N

p>

>

pX

P>

b

P>



li 3NJ

P

NJ

p>

¢

pX

pX

p>

¢

b

173

I>¢

p>

p>i

1/3

p>

p>N

¢

b

:>(



po--

po-

P>

p>

P>

NJ

NJ

pa--

pa--

P>

g

p>T

P>

NJ

pc-- -1
I
NA
A
pc-. -2
. l
NJ
A

¢

tr--

¢

ah -

174

¢




Db-. -6
A
A A A
Bc-+ -1

p>

p>

175




(U
)
Dc-- -5 U U
(00 ) (00 (o0 )
?
U U
1. j U
A lj A A
NJ NJ
A A
NJ
( A A
3 )
)
2.
A U

176




P>

p>

b

177




tr -~ -1 pa-- -1 pe-- -2 pc-- -1
A l
pa-. -2 NA
A A
A A NJ A .
A A
A A
Ka-- -8 U U
A
A ( ) A
A A
A
A U
u A

178




p>

Eb-. -9 U U
§] YA A A
A .
A A
A A 5 A
Kc-- -4 U U
A
A A A
U A A
A

179




3.
tr -« -1 pa-- -1 pe-. -2 pc-1V-2
A )
pa-. -2
A .
A A ] NJ A
A A
Je-IV-1 U U
A A
A A A A A
A

180




A A A
Jc-1V-3 U U U U
A A A
A A
A A
Jb-1v-1 U U U U
A A
. A A
A A
LED
A

181




4.
tr-« -1 S Pom
A A A
A ah-. -2 A
P A ai-- -3
ai-- -2 A
A A
la-. -1 0 ’
_? — ~
. A
( 2-3
?
lc-+ -1 0 ’
A A A ¥ A
* I i i A
A NJ A 02 A6 A A

182




)A A U
A
Id-. -3 U U
A A
1. A A
A
2. lj
NJ
5.
lj INJ
po-- -1 pe-- -2 pa-+ -1 tm-. -1 ai-- -2
A A
A pa-. -2
A

183




p>

A NJ
A
A
A
INc-. -2 . 0 i 0
A _
A
( A A
)A A A
A
A *
A
A
?...

184




)
INc-- -4 0 - i
A A
( )A
A
INc-+ -5 U - -
A
(
). A
( A
A ) A
A
A

185




i 2NJ

tr -« -1 pe-. -1 ah-. -2
A A
A A
A I
NJ A
lj NJ
INa-- -2 U
1. A
A U
2.
A A
U A
A
A

186




p>

INa-- -4

b

INa--

15

187




li 3NJ

tr -~ -1 po-. -1 pa-.- -1
A * A
A A
INg-- -2 U
1. _ —
A A
0
2. A U
3.
A
INg-- -5 0
1. A
A A
A

188




INg-. -7

p>

p>

p>

A
A
U
A A A
A

189




4. A U
5. A U
3
[ NJ
A A A
1.
tm-« c-1 tr -~ c-1 tc-~ c-1
A §] A A
A an -~ c-1
A
pc-~ c-2 A A
I U NJ ah -« c-1 A

190




¢
¢
¢

¢

c

p

191



BGb-+ ¢c- 4

b

b

p>

192




193



PKd-~ c-2
CBaVa-1

BDb-« a-10

¢

¢

CNa-Va-4

ENa-Va-3

p

p

194




195



PKc-Va-15

PKc~ c-3

p>

lj VS

an-« c-1

p>X

p>X

PKc-Vc-6

p>Ti

P>
P>

P>
P>




197



198



CJb-Va-3 U
A
A A
A A
A
A
CleVa-3 U
A A
P A A A A
CMa-Va-2

P

b

b

199




2 U | NJ
ti-« a-1 pa-- a-1 pc -« a-1 ai-- a-2
l
A NA
A pa-- a-2 U A A
A A A ah -« a-2
A A A
pc -~ a-2
lj U A
NJ
A
A
A A u A
A
PKd-« c-3 U 0

200




PKd-« c-4

CAa-Va-2

P>

P>

P
b

¢ I

p>i

p>

I>¢

201




202




ENDb-Vc-4

EFaVc-1

>

¢

I>¢

EFb-Va-2

pX

pX

203




204



EFb-Vc-5

A
3
i NJ
1. U A .
A A 25 A
A A
2. U U (1) (2) I NJ
(3)
3. U A
4. U A A

205




p>
p>

tr-« c-1 po-« C-2 pe-« c-1 pa-« c-1 pC-~
A A A
A A
A
A
A
(
) (
A ) (
) A A
( A
) (
)
A A A A

206




A A
A A
A
A A
A
A A A
A
A :
A
A
) A
A A A
A

207




b

I>¢

> >

p>

b

¢

¢

208




i WWMD NJ X :
A
A
A A )
2
A
1.
* A
A A
PVC
A A
A
APVC PVC A




P>

210










N¢

CN¢

(N¢

¢

pX

>

pX

p>

b

pX

p>

¢

b

p>

b

P>

p>

p>

213

¢

b

P>

p>

> >
¢

p>

b

¢

b

b



A A A
A A A
A
3
A A
A
E1l INb-, -7 A
A A A
J1 Ga-« -2 A
A A "
0
A
A ?

b

214




U1l BGa-~ c-9 A
A A
A A

E3 an-, -3 A

A . U

A |
INf-_ -1
E7 po -, -1
A
I po-- -1 37 0
A A A

J8 A A

215




Jsu
A
A A
()
N
A
A U
: " A
A
U9 an-« a-3 A
A A
A CMb-Vc-2
u10 A
U13 BMa-- a-1 (U ,

216




) A
ui4 ENa-Va-5 i
A A
2. 2014 A
A
A
A
A
E6 an-. -3
A
- A
J4 N

b

217




¢
(=

E11l INc-. -8 A
E12 A

INc-, -9

A A
J12 Nb-. -2

A U
J14 Ge-- -2
A A

J15 A

Na-. -1

Mc-. -3

218




o CCa\Vc-1 :
A
A A |
! A
o Elb-« c-7
A
ul4 i .
ENb-« c-4
uls
- INf-_ -4 A A
| A
A 0
A
A
J16 —— |
: A
219




¢

J17 Ma-. -2 A (
A A A A
Ji8 A A
. A
J19 Ma-. -1
A
J20
A

Md-. -1

Me-. -1

Me-. -5
u1e6 CNa-~ c-2 A
ui7 ENa-« c-2 A

p

220




p>

u1s A
A
A
u19
A
(
Ul A ENa-« c-3 A
A A
o (
U2 ) A
A A
A
U3 ENa-« c-2 A A

221




¢

U4 A A A
A CNa-« c-2 A

us A

A A A

A
U6 ENb-« c-4 IPCC( )
A A
A
A
u7
A

222










p>
p>N

A A

3
A A -
- - LA
- NJ
0
1. 2 . . : (INd),,
3-4 . . (INd).
A (INb). .. (INc). . (INg).
A
A A
2 A U U
U A
UlINa- -7 lj NJ A
INb- -6
INc-, -8

3 U U A

INb- -6

A INd-, -3
A INb-, -7 A
U
U A A

225



A A
(INd) |
. A
A
A A
A
A
A
A
A
0
/ U
0
3 3 ( )
U
2. A
3.
0
1. A
()
3. A
U
1. A
A

226




P

p>

P

Al
A3
Bl
C1

-E-Al
-E-A3

-E-B1

-EC1

p>

p>

p>

P>

tr-, -1

tm-, -1

pe-, -2

ai-, -3

> -

P

INb-. -4
INb-. -6
INb-. -7

INc-, -5
INc-, -8
INd-, -3
INd-. -4

P

227




INd-. -9 . A
A
INg-, -1
A A
E2 A
E3 A
/
tr-, -1 1.
tm-, -1 . A
pe-, -2 A
INb-, -6 | 2. A
INb-, -7 A
INc-, -8
3.
A
4 A
A A
A
A

tr-, -1 1. .~ INb-, -4
tm- -1 o A
pe- -2 A
INb- -4
INb- -7
INd- -3

228




2.

2.

DA

(

)

-4

INd -

tr-

-1

tm-

pe-,

ai-

-5
-4
-9
-1

INC-,

INd -

INd -

INg -,

229



A
o ~ . A ~ . A - A
A~ A -~
A A
A A
A
? A
A U .
. A A
A 3 A 2 A
A
3 A A
A A
A
)
U A
)
(
A X
A A A
A
A
U A
A
( U A

230




a
1. A
A (
(
0
0
0
( )0
( )U .
2, _ LA
A VR
~ A -~ A -~
3. U
(1) A A
A . ( ).
A A
(2) 5 A A
A
3) A i
U
- U A
A U A
A
A
- U A
A A
- ( )0
A A
- [‘J(

231




A U
b. ~ A
A
A A
U
A
3 ( )
A
A 1-2 U ~
A ~ A ~ A
)
A
A A
)
A
A U C ) A
A A
A A A
(
)A A
0 A
A
~ (0 ) (0 )
~ U

232




p>

p

1)

(2)

(1)

)

(1)

(@)

3)

(4)

(5)

b

¢

10

b

> >
<

b

> P >
¢

b

p

p

¢

20

¢

p>

¢

b
b

p>

100

20

¢

>

233




P

A
U A |
A A
A A ] A
A
A
5-10 ( V |
| i) (
A W
) ] ( )
” ( , YA (
Y. A
3. A ’ A
) A
4. A ° A
A
5
(1) ( '
(2) A ; A
(3)
(4) ’
5) A A
6. . U
A () A :

234




¢

7. U A4 A
A
0
1) 14 A4 A 2 )A
1lcm A
2) ( 5mm) 40mm A
3 A A V (5mm)
3)
4 A
P U3 4 5
)A
0
e |
r
- =
8. A
9. A A
4 U
10.
11. U A A

235




12.

¢

(1)
)
®3)
(4)
(5)

(6)
(7)

¢

p>

p>

b

p>
C
p-
p>

p>

¢
>

236




( ) A
A
U ( )
i NJ
0
A A
A
A
A A
A
A A
A A
/ U U .
/ / ) / U
U ( )
U
10
( )
U A A
0
1. A A
3.

237




<C
»<C
<L <
™ <
@)
»<C
<C
<C
<C
<L m
< <L
<L <
»<C
<C
<C <C
N
) ™

¥ @ O 7

Ul L ] .
. . . . . .| ™M ! ! ! !
4 N O < — 9V ™| < =]

(

238



pe -, -2

ah-, -2
INa-, -6
INa-, -5 A
INa-, -7 A
INa-, -10 A
INg-, -5 .
E14 A
E17 A
J14
J16
ti-, -1 A
A
INa-, -6 A
A A
pe-. -2 A
A A
A
INa-_ -5
INa-, -7 A A
INa-_ -10
A A

239




3. A
ah-, -2
U 1.
2. A
INg-, -5
3.
A A U
_1<
A A
-2 A
A
A
-3
A
A
-4 U)
A
(
0
-1U b
A

¢

240




1)

(2)

(3)

¢

DT

30

90

(1)
)

(3)

-20

b

b

b

b

1)

)

3)

-3U

¢

¢

¢

¢

241




-40

— N o™ <

— N ™ <

)

242



1.
2. A A
3. A A
4. A
0
1.
2. A
3. EcolLife .
4. U www.eqpf.org/cooltaiwan/calculator 01.html
5. U http U //fenergy.mt.ntnu.edu.tw/CH/CH_Materials.aspx
i NJ
0
A A A
A A A
A A
A
A A A 100
101 A A
A A A
A A
A A
A A

> D
p>
b

243

p>



http://www.eqpf.org/cooltaiwan/calculator_01.html
http://energy.mt.ntnu.edu.tw/CH/CH_Materials.aspx

,VA

PPT

(1

™

(1

2

— N o <

i

244



NJ

P>
>

E-A2
E-A3

E-B2

E-C1

p>

b
p
p

P>

P>

(

)

-E-A2

-E-A3

-E-B2

-EC1

p>T
p>T
p>T

pX
pX
b

P

b

pX
>

b
pX
(=

245




an-, -1
A
INg-. -4
INg-, -5
INg-. -7
Nj
E4
ES
E6
E8
E9
E10
E14 A
E17 A
tc-, -1
A
A A
INg-, -4 A A
pa-, -2 lj NJ A .
A
A
INg-. -5 A A
pa-, -2 A
ah-. -1 A A

246




an-, -1 A
A
A
A A
INg-, -7
A
0
A
-1U0
i NJ
i NJ A
i NJ
A
- a
-20 (
i NJ A
i NJ A
i NJ A
-30
A
A
1. . A
A. B. C.
2. _ A
A. B. C.




to e LR K

p>

e RS T
€ BFEAE LTI )

’ —PHE )

G EHEAG LT

;;i}[—;ﬂ HEE rT
K
,X\ > 175

1o R R K

)

U A
_ ( )
A &
U
A
. ( )
1. . A
A. B C.
2. _ A
A. . C. D
- U --60
. A (
A (
) A A
A
-10
i NJ A
A A
i NJ A
A. B

248




[ NJ
- NJ
1.

2.

- NJ

A

B.

C.
- NJ
[ NJ
[ NJ
[ NJ

-2U0

-3U

b

P>

>

b

--60

--60

P

> T

249




ENERGY STAR

NJ

b

EcolLife

¢

¢

p-2

p>

¢

250




p>

p>
P

EcolLife

pX
pX

P

P
> g
<

P

b

251

b

DT




¢

252

3
A
A
A
A
g A
: A
A A
NJ
1.
)
A 9 1
A
A A




A
A
U ( ( A
) )
A
A U " oo
l.‘j
l}j
A
/ U ¥} )
/ U 0
U
U HB
5M
U 8a 11
3 3 (
tm-. -1
) A
A
po-. -1
A
A
po-. -2

253



pe--
pa--
ai --
ah --
an--

-1
-2

INC--

INC--

-3
-4
-5
-6

INC--

INC--

INC--

INC--

J3
J1
J2
J14

254



(1)

—

)

>—

(1)

)

®3)

(4)

U Bd--

-2, Da-

-2

-3, Fc-

« -2 Da--

(1)

tc--

ah --

-1

an--

-1

INC--

po-

pe--

pa-

tm -

ai -+

-2
-3
-4
-5

INC--

INC--

INC--

INC--

po--

pe--

tm--

an--

)

(2-3

)

(4-5

255



ah-- -2 (2 A
INc-- -5 A
INCc-+ -2
INc-+ -3
?
1. U 1.
(1) A (1) A A
(2) A
2)
2. U( ) 2.
" " (1) A
A A
A ,
N (2)
3. ( ) 3.
L " " (1) why how
(2)
(2) ( A
why ).
(3) how (how U (3)
( A
4. ( 4.
1) (1) A
(2) U

256




1. 2
(1) ? "A (
).
(2) A (3 U
A
A
1. 1.
1B U 1)
(2) "A
(2) A A
A )
(3) A
2. 2. (
L " 1)
A
(2) A
(2) DNA
3)
(3) U]
? }
A
3. 3. (

257



https://www.youtube.com/watch?v=rSQFch_cq-E
https://www.youtube.com/watch?v=rSQFch_cq-E
https://drive.google.com/open?id=0B4LzuPfbDAevN0JZbkNqWThkd0k

. A .
. DNA) A . DNA
(Km~0000000001m) A
4 ( ) 4.
U (1)
(2)
1 ? | 1. ?
U (1) U 1
5 . LA * .
A + (2) A
2. ( ) 2. ( )
(1) ( (1)  U7mm -1/ A A
« ). ¢ 1 /7.
) (2) ( 1.5 )A
2) . A (
(3) A A
3.« ) |3 )
1) 1) A S .
(2) 2) ?
? .
3) e A

258



https://www.youtube.com/watch?v=bE9-chx_DJA

4. ?) 4. ?)
(1) t
?
(2) U
YA
1. 1.
( U A
A
+ )A ( )
A
?
2. 2.
1) A 1) l NJ
A (2) A
. VU]
2) 50 A .
AB | (3) ( U )
( ) A
3. 3.
(1) (1) (A4 A
m,) m3
(2) m ( (2) m ( U
() 3)
" A

259




(4) (4) . . U
A
4. ) 4. | )
3 3
1. ? 1. ol
(1) (1) 1. 2
/ )
2) 2 A ( )
2. 2. )
D) U 1 A A
1) . LA *
(2) A 5
? lj N3
(2) A 10-15 A
. A A
k) U l N3
3. ?) 3. ( ?)
1) 1) A
. (2) U
2 U 3) . A
. (4)
l NA (5)
I
NJ

260




4. 4. ( )
1)
2) lj NJ
1. 1.
?
? ( A
LA

2. 2.
1) ( 1) A

) A
(2) A A A

A (2) 3
) )

I NJ A . A
(3) A A
3. ) 3.
1) 1) « ) ( )

o) A
(2) (2) 3 24 A
A
A
? A A A
(3) A 4
( () A
A

261




4. ( 4, ( )
) A
) ( )A
( .
) (
)
1. ( ) 1. |
U
i A
2. 2.
1) ) A
( A
U A
0.2-5 | .
)A 2 A
) (ax10™) (n
1 10 )
y
( )A
ax10” (
)
3. ) 3.
(1) ) (1) 3 ( 10mm  100mm
3 A YA

262



http://www.exploratorium.edu/ronh/solar_system/

(2) A A 100mm
A 300m,
. (2) LA
3) A
3) A
0.1 A A
?
4. 4. ()
1. 1.
)
A
2. 2.
1) 1) A (
. U )
2) .
(2)
)
3) )A
4)
3. 3.
(1) (1) A 40
A 4.37
(2)
(2)

263




(power of ten)

(power of ten)
A 10" ~10%

i NJ
- A
A A .
A A U A
d A
A A
A
A A
A
/ U
/ U / Us-9
U
/ U
U5-8
( )
A2
B2
C2
-JFA2 A A
() A
A
-JB1 . A
A

264




-JC2

P

A
ti-« -1
A A
A u
tr-. -1
A
A
tc-. -1
A A
A A
po-. -2
lj NG
A
pe-. -1
A A 4
lj U NJ A lj U NJ
pa-- -2
A NJ A
A A
pc-+ -1
lj NA
A
A
ah-. -2
A

265




-1
-2
-3
-4
-5

INa--

INa--

INa--

INa--

INa--

J16
J17

tc--

tr--

po--

-1
-2
-3

INa--

INa--

INa--

ti-+

pe--

pa--

ah -

-4

INa--

tc--

pc--

-2
-5

ah -

INa--

266



O

O

O O

¢

>
¢

b

¢

pY

¢

b

¢

p X

|

O

¢

p>

p>

p>

p>

¢

p>

p

267




(@}

p>

p>N

O

LED

p>
¢

P>

O

(@}

p>

LED
)

P

) (

b

b

¢

O O

pX

b
b

pX

b

(@}

(@)

p>
pX

pX

)><T

268




N
p>
>

¢

O
p>

Discovery

. U
https U //www.youtube.com/watch?v=y2 -yEDHKgqa8&feature=youtu.be

https U //www.youtube.com/watch?v=IxM  -9TI3cAg
http U //scitechvista.most.gov.tw/zh  -tw/articles/c/0/9/10/1/1678.htm

www?2 .nsysu.edu.tw/ physdemo /2012/E3/2012

NJ
0
- A
A
A .
A A
U

1. (PHET) A A

2 A

3 A

4,

269

pN



https://www.youtube.com/watch?v=y2-yEDHKqa8&feature=youtu.be
https://www.youtube.com/watch?v=IxM-9Tl3cAg
http://scitechvista.most.gov.tw/zh-tw/articles/c/0/9/10/1/1678.htm

B2/
C1/
C3/

(

)

-JB2

-JC1

-J3C3

ai-- -1

ai-- -2

P

p>T

b

>«
p>T

tr -« -1

pa-.- -1

pX

P

270




<

NJ

-1
-2
-3
-4
-5
-6
-7
-8
-9

INg -

INg -

INg -

INg -

INg -

INg -

INg -+

INg -+

INg -+

J9

J14

<C

<

<

tr--

pc--

-1

INg -~

-2
- -3

INg -~
INg -

271



-4
-5
-6
-7
-8
-9

PO -~
pa--

pc--

pC--

INg -~
INg -~
INg -~
INg -~
INg -~
INg -~

(POEC

272



A A A
A 15 A A
( )
A
) A
A A
0
A
PHET U / )A
A A
/Iphet.colorado.edu/en/simulation/legacy/greenhouse (
)
A
A
A U
A
phET U YA
A
A
A A A
A ( YA 15 A
A A
A A
A

p>0

273



https://phet.colorado.edu/en/simulation/legacy/greenhouse
https://phet.colorado.edu/en/simulation/legacy/greenhouse

( )
A U A
A
A A
A A
A A
A ( )
U , A
)A ) ( )
( )A ( ) A
A U
( ) A 0
A U A
A A
A
(
A
A . A
A U
A A A
( )

274




( HA A A
)
A A
A
A
A A
. A
A U
0
A U
A
A A
A A
A A
(
)
A A U
A
A i
A A
)
U U

U https U //phet.colorado.edu/en/simulation/legacy/greenhouse

(

275



https://phet.colorado.edu/en/simulation/legacy/greenhouse

N¢

i NJ a +
ul7 CNa-Vc-2
EN-V-2 A A
A
A A
a +
10~12 100
A
2. ( A )
U .
A
U i NNJ
U i NaNJ
U
EFaVc-2
EFaVc-4 .
ENa-Vc-2 A A
1.
-
2. A
i
3. A
4, A A

276




5. U A
i
6. U A .
7. RPGQU A A
A
1. : : U http O
/lgeo3w.ncue.edu.tw/bsrapage/geoscience/sea/mineral.htm
2. (2012 1 ) . a
3. Uhttp O
/[archives.sinica.edu.tw/old/main/economic12.html
4, Uhttp U
//deepsea.nmmst.gov.tw/deepsea/content/173
5. A & U http U //hces.tn.edu.tw/ocean/salt/main.htm

NJ

J4 ENa-Vc-2

NJ

b

us

P

Ca-Vc-2

b

277



http://geo3w.ncue.edu.tw/bsrapage/geoscience/sea/mineral.htm
http://geo3w.ncue.edu.tw/bsrapage/geoscience/sea/mineral.htm
http://archives.sinica.edu.tw/old/main/economic12.html
http://archives.sinica.edu.tw/old/main/economic12.html
http://deepsea.nmmst.gov.tw/deepsea/content/173
http://deepsea.nmmst.gov.tw/deepsea/content/173
http://hces.tn.edu.tw/ocean/salt/main.htm

(water footprint)
10
60
0
A
A
U i NNJ
U i NaNJ
U
ENa-Va-1 A A
A
ENa-Va-5 A
1. A A
2.
3. U A
4,
5. A
6. A
A A
7. I U NJ
A
A
10. A
11.

U http U //www.waterfootprint.org/index.php?page=files’lhome

278




l

NJPCC

ES Nb-IV-2 IPCC
A
J9 A
A Nb -1V-3
A
U6 ENb-Vc-4
A
IPCC
10-12
200
1. a 1
IPCC )
2.
A
A
U i NNJ
U i NbNJ
U
ENb-Vc-1

ENb-Vc-4

279




(@

2.IPCC

(@

IPCC

(@
p>

Oc -
C

([@f
p>
>

([@f
>

([@h
—~
N

O O)x - O)x )
b
P

IPCC
http U /lwww.ipcc.ch/pdf/assessment  -report/ard/syr/ar4d syr full report.pdf

IPCC
http U //www.climatechange2013.org/images/report/WG1AR5 ALL FINAL.pdf

280


http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_full_report.pdf
http://www.climatechange2013.org/images/report/WG1AR5_ALL_FINAL.pdf

3 -A a
A A
A A A
A A
A A
- A
A A
? (
) A A
? GPS A

281




b

p

p>

b

b

b

¢

)U

p>

p

p

p>

282




)U

)U

283



27

284



¢
¢

(2009)

¢

¢

b

p-
D

¢
p>
p-
b4

¢

285




P

> -

I>¢

p>

b

b

b

P>

p>

b

286




p>

T

; U
A
A (Toulmin ,1958) U

1 (data) U A

(claim) U

(warrant) U
1 (backing) U A

A A

287




Fokt Fik

i
Eii
1. : (2006),
A 292 A 15-28
2. (2000) A 2015/05/25 http U

/lweb.fg.tp.edu.tw/~earth/learn/pito/index.html

3. Toulmin S.E. (1958). The uses of argument. London U

Cambridge University Press.

A

A

b

288



http://web.fg.tp.edu.tw/~earth/learn/pito/index.html
http://web.fg.tp.edu.tw/~earth/learn/pito/index.html

p>

¢

pX

pX

<

¢

T

p>

289




A - -
1
T«
’ A
Il A
: A
1
1 A
A
A
0
A
? lj |
)l
21 NJA ;

290




¢

pX

b

p

NJ

NJ

¢

¢

pX

291




p>

b

1. taibif.tw

2. . . life.fhl.net/Science/life/many.htm

4.

5.

https U
//market.cloud.edu.tw/content/junior/bio/tc_wc/textbook/
...ltext-ch11l-6.htm

Online I
highscope.ch.ntu.edu.tw/wordpress/?tag=

a . pansci.asia/archives/61862

292




= = = =

2

293



b

1 U ( )
T A
?
1
1
1
1

; U /

1. NTCU A A
2015/05/12 http U
//scigame.ntcu.edu.tw/chemistry/chemistry  -023.html

2. A A
2016/11/29 http U

//slc.nstm.gov.tw/Teaching/Details.aspx?Parser=99,4,54,,,,1

294



http://scigame.ntcu.edu.tw/chemistry/chemistry-023.html
http://scigame.ntcu.edu.tw/chemistry/chemistry-023.html

72
3. A Adiabatic
Expansion A http U
//demo.phy.tw/experimentfinal/thermod ynamics/adiabatic
-expansion/
, , , A
? q . ?
1
A 1 1 ! 2
( )
LA ? A 5
Formosa 1 X 1 0.1 A ?
T A A
A A ?
A ? A ?
T A ?
A A
1
U A
? A A

295




p>

pX

b

¢

P

30

D I

3 A

p>

https U //dbar.ttfri.narl.org.tw/Default.aspx

(2014)A

207-251

A

A

42

296



https://dbar.ttfri.narl.org.tw/Default.aspx

p>

b

?
? A o . ® : A 0@ . @
@) _ (4coD ) _ (4 CcOD  BOD (5) (6)
BOD (5) (6)
? -
. ( )
(
)| ?
COD BOD ( )
? « . 4 0w . @
A ) ) L@ (5) i
? A oH
a A §]
A L L@ .3 ( A
) (5)
I [N
A pH
A

b

I N

297




(1)

(2)

pX

¢

b

b

¢

i WWMD test kits A

LaMotte NJ

~

A
i WWMD test kits A LaMotte

A
A A
lj NJ lj
lj NJ

lj NJ lj

NJ lj NJ
NJA

0
(2015)0

NJ

NJ

298



http://chemed.chemistry.org.tw/?p=6973

p>

p>

b

>

299



http://chemed.chemistry.org.tw/?p=6973

p>

¢

b

p>

b

p>

¢

b

¢

T
T

b

i Ww
MD NJ

o

A

b

b

300




¢

¢

(4

(201
v 51
A "

pX

b~

301



http://chemed.chemistry.org.tw/?p=6973
http://chemed.chemistry.org.tw/?p=6973

p>

pX

b

p>

A
A
N
(201L
v 51
A "

¢

302



http://chemed.chemistry.org.tw/?p=6973
http://chemed.chemistry.org.tw/?p=6973

lj carbon
cycleNJ

(Carbon
Footprint)

(Activity)

P

app A

W N o

P

P

I>¢

( U hitpU
//cfp.epa.gov.tw/carbon/defaultPage.aspx
1

1 A A
?
T A ?
?
T A

)

303



http://cfp.epa.gov.tw/carbon/defaultPage.aspx
http://cfp.epa.gov.tw/carbon/defaultPage.aspx

¢

b

b

p

¢

p>

5 (4

1. Fakowski, P. etc.(2000). The Global Carbon Cycle U A Test
of Our Knowledge of Earth as a System. Science.

290 (5490)U 291l 296.

2. https U //co2.ftis.org.tw/pageA3_2.asp

304




A
A 1
1
A
X
1
A
A
i Ij y PVC
1

305




¢

PVC
(PS) PET
PEI A

b

p>

1
1 A PVC
(PLA)
T A PE
PVC PLA
1 A PE PS
PVC
1]
NJ
1

1 A
A A
A
U /
1. http U //www.wikihow.com/Clean -Plastic
2.http U /lwww.iflscience.com/environment/19  -year-old -

develops - machine -clean-oceans-plastic/

3.https U

/Izh.wikipedia.org/wiki/%E8%81%9A%E6%B0%AF%E4%B9

%99%E7%83%AF

306



http://www.wikihow.com/Clean-Plastic
http://www.iflscience.com/environment/19-year-old-develops-machine-clean-oceans-plastic/
http://www.iflscience.com/environment/19-year-old-develops-machine-clean-oceans-plastic/
https://zh.wikipedia.org/wiki/%E8%81%9A%E6%B0%AF%E4%B9%99%E7%83%AF
https://zh.wikipedia.org/wiki/%E8%81%9A%E6%B0%AF%E4%B9%99%E7%83%AF
https://zh.wikipedia.org/wiki/%E8%81%9A%E6%B0%AF%E4%B9%99%E7%83%AF

>

4.https U

A A //zh.wikipedia.org/wiki/%E8%81%9A%E4%B9%B3%E9%85
A %B8
A
1 .
A A
A
A
4
A 4 A Uj 1NJ lj 2NJ I NJ
A ulj 3NJ 4 A

307



https://zh.wikipedia.org/wiki/%E8%81%9A%E4%B9%B3%E9%85%B8
https://zh.wikipedia.org/wiki/%E8%81%9A%E4%B9%B3%E9%85%B8
https://zh.wikipedia.org/wiki/%E8%81%9A%E4%B9%B3%E9%85%B8

¢

p>
p>

p>

p>Ti
>«

P>
>

U2 ]

32
NJ
5
2 |
030
-45
NJ

A

P
P
>

> C
pX
>
P

P

308




pX

i 1NJ

NJ

l

NJ

pX

2-4

309




b

i 2NJ

i 3NJ LED
lj 4NJ
lj 5NJ
3.
4.
A
5,
1.
2,
3.
A
l.‘j

pX

pX

N

2-4

310




3C

p>T

p>i

pX

¢

NJ

p>i

b

pX

p>X

D T

311




1. Ij _ :
' 1.
lj 2
Ng
? 3.
2 A A )
4
A "
A
A
A |5
A
A
6.
7
8.
312




~

T P

p>i

NJ

pX

NJ

4-6

313




2-4

<C

60

<C

<C

PPT

314



p o p-

S

pX

p>Ti

b

NJ

NJ

4-6

315




NJ

<C

200

100W

2.

316



a

— o ™ <

2-4

a

2. QQ

QQ

1.QQ

317



2-4

<C

NJ

318



2-4

.o o <
)
— N ™
o <
Z
<C
=
Z
< i)
D)
S
Z
<C
VA VA
— ™ < To)
-
<C
<C
° o °
. o . ™
i
N ™

319



A 2-4  4-6 A A A
U2 | 36  NJ U U26-40  NJ
A
A
A
A A
A
1. .
A
1 A 1.
* 2.
i

320




D

¢

2-4

321




P>

A<

1765

pX

pX

pX

4-6

322




1816

1824

NJ

p>T

b

323



https://en.wikipedia.org/wiki/Stirling_engine
https://en.wikipedia.org/wiki/Carnot_heat_engine
https://en.wikipedia.org/wiki/Carnot_heat_engine

b

¢

¢

p>

PPT

6-8

324




6-8

PPT

<

<

325



P

p> T >

326




a

— o ™ <

a

2-4

<C

PPT

NJ?

327



b

5 [3

1. 2003 2013

A
3. 2003 2013

A
4.
?
A
1.
2.

=

N

2003 2013
2003 2013

NJ

A
2003~20 13

2003~2013

pX

4-6

328




10.

11.

P

A
A
A
i
A
A
12
A A

4-6

I>¢

329




¢

b

p

i 1NJ
lj 2NJ
lj 3NJ
lj 4NJ

p-

p>

4-6

p X

330




P>

P

P>

P

P

331




N¢

¢

3-4 5-6 7-9 10-12 () 10-12  (
INb-, -7 INb-. -5 Da- -1 BDa-~ c-2 BDa-« a-2
A A .
BMb-« a-1
A

332




3-4 5-6 7-9 10-12 ( ) 10-12 ( )
Da-. -2
A A
A A A
A A A
A A A
1. 1. A
( A A
2. A
a5, e 2}, -
Qb @ POLD U
A 0 3. U
X A
A
e o
=
2. A
En o A
‘m 4 2 (&3
Al g A e 9
(

333




3-4

5-6

7-9

10-12 ()

(

b

p>

R

N
1y,

p>i

(e Y&

2
> Tiab@
U

P>

ik o

b

bob

&

P>

P>

334




3-4 5-6 7-9 10-12 ( ) 10-12
U
U
6.
ai-, -1 ai-, -1 ai-- -1 ai-- c-1 ai-- a-2
A A
A A A .
ai- -2 ai -~ c-2 A
ai-, -2 ai-, -2 A
ah -« a-1
A ah-. -2
ai-, -3 ai-- c-3 (
ai-. -3 A A
A A
. ah -« a-2
ah- -2 ah-. -1 ah -« c-1 A
A

335




3-4

5-6 7-9 10-12 ( 10-12 (
A A
i ah- -2
an-, -1 an -« c-1
an-- a-2
an-, -2 an-_ -1 A A
A i
A
an-« c-2
1. 1.
A
2. 2.
A
A A

336




3-4 5-6 7-9 10-12 ( 10-12 (
A A
3-4 5-6 7-9 10-12 ( 10-12 (
INa-, -7 INa-, -9 Bc-- -3 BDa-~ c-4
1 N,
A
A
l}j
Bc-. -4
A
?

337




3-4

5-6

- 10-12  ( 10-12 ()
?
A A ’
A A
A
A
U ( ’
A - 1. -
) ? .
) | Rf
N
9 A
A A 0 ’
;%; :j a5, A Rf

P>

338




o >° 79 10-12 ( 10-12 ()
h L Malad P
0 <@F ¥ \
U 2. ﬁ@j i 5 0
= (o 4YE ?
U ‘ 3. A A
U 0
A 0
= V
10 = A v
(o %Y v A
" o > 1}, G
Ao s g & Pabd
A A 3.
P * LED
L U U A
. . « &
A @b A A
(e % YD) . A
. § A Al U
A o P
A ) ’ LED (
A A

339




3-4 5-6 7-9 2012 ) o (
U O
O ’
. A
| NG o Y A
U 2. A
A | 5.
0 ?
Eo@ " A
=
A . :
0 0
A L |
A
. . &
| v e A
- Q6@ |
A 2 ey
d['g Qo § A
: 3.
340




3-4 5-6 7-9 10-12 () 10-12-
0 1. A
) . @ A
- A,
il P : A | :
;%’ g:o U A
r D U :
1. Lo Y » ;
Al A
U _
. . M lad P
2.
@ . A
2. U 5 : '
A | < - NADPH
| U ATP i
A G v 3. ] U
6. A ;
A . ATP A
20 G2 Q@ S
8 92 A
] X 2. A
) U

341




3-4

5-6

10-12

(

10-12

C )

@b &

&

(e % 1D

p>i

p>i

P>

e

b

b

b

i

A3
2y,

b

342




4 A
q'iv g:@ %ﬂ @f\_m{é@) r)
= lﬁéﬁfﬁ U
4. -
Al @ 2%,
P @ 3
v AT
€
. B ‘
4 U
5.
A
?
B U
U —
- A U
A
_ CO
o
JA@E@ _\|r:_
5 U
A
?

343



3-4

5-6

7-9

10-12

(

(

344




P

b

7-9 10-12 ( ) 10-12 (
YA
v
< -1 ai-- -2 ai-« -2
A A A
< -2 ai-- c-2 ai-- c-2
A
-3
ai-- c-3 ai-- c-3
A A
A
ah-. -2 ai-- a-2
-2
A

345

b




3-4 5-6 7-9 10-12 ( 10-12 (
an-, -1 A A
A
ah-. -2
A
an-« a-2
A
l}j
A
1.
A A
2.

346




3-4

5-6

10-12 ( 10-12 (
INd-, -3 INd-, -4 Ga-- -3 ABO BGa-~ c-1 BGa-- a-1
U A
A Ga-- -4
A BGa-~ c-2
A
A
A A A
A A A
ABO
1. 1. 1. 1. 1.
ABO A
& lad & = | 2 D
U 0 U /?\
2. A

347




\13
2y

- m@

- - 10-12 ( ) :
2. A ¢ Go>
A ABO
il P § b @
A it P ’ :
U A
s Prab | ago *
3. 3.
- A ABO
4,
4, A
| & ob
A g”ﬂ? (
_ ABO
(e SYED .
: .
5. )
A

348




3-4

5-6

7-9

10-12

(

10-12

i

&

p>

p>i

e P

i

4877
o

I>¢

ai-, -1

b

ai-, -2

P

P

ai-,

ai-,

ah -

an -,

ai-- -1

ai-- -2

ai-- -3

b

pX

b

ai-- c-3

ah -« c-1

b

T

ai-- a-1

A
ai-- a-2
ah -+ a-1

349




3-4

5-6

7-9

10-12 ( 10-12 (
A A ah-. -2 A ( U
)
A an -« c-2
an-, -1 an-_ -2 ah -« a-2
A U
an-, -2
A
an-« a-2
A
U
A
ABO

350




3-4 5-6 7-9 10-12 ( ) 10-12 ( )
A A A
A A
A
3-4 5-6 7-9 10-12 ( ) 10-12 ( )
INe-, -1 INb-, -8 Ge-. -1 BGb-« c-5 BGc~ a-1
BGc+~ a-2
BGc+~ a-3
BGc-+~ a-4
BGc-+ a-5

351




p>
p>

pX

7-9 10-12 ( ) 10-12 (
BGc-+ a-6
X
A A
A
1 - 1
A U
e -
IR 11 2.
® QO
U 5
. 3 . A
A - ' it & @b @
A 1y, U
(o Y&
) (1)
5

352




3-4

7-9

10-12

(

10-12

(

b

Tl B

a2

N

ST

(2)

3)

(4)

(5)

353




3-4 5-6 7-9 10-12 ( ) 10-12 (
ai-, -1 ai-, -1 ai-- -1 ai-- c-2 ai-- a-1
A A
A A A
ai-- -2
ai-, -3 ai-, -2 A ai -~ c-3
A A i A |ai-« a2
ah-. -2
ah-, -2 ai-, -3 _
A A ah -« c-1 A
A
an-. -2 A ah -« a-2
an-, -1 ah-, -2 A . A U
ah -« c-2
an-, -2 A
an-_ -1 A
A
an -« a-2
an-, -3 an-« c-1 A
an-_ -2 R

354




3-4 5-6 7-9 10-12 ( 10-12 (
A A
A
A
an-- a-3
1.
2.
A A
3-4 5-6 7-9 10-12 ( 10-12 (
INd-, -8 INb-_ -3 Eb-. -8 PEb-~ c-1 PEb-- a-1
A A

355




3-4

5-6

7-9

10-12 ( 10-12 (
INd-, -9 _
PEb-« c-2
3y
A .
A PEb-« c-4
?
A
A A
U U U U
A
A 1. 1.
1. A lj A
A A & %
A A A
’ &
A T 5 @\ 2. A
A( A

356




3-4 5-6 7-9 10-12 ( ) 10-12 (
& A 4 A
2 @ A &z
0 e - A (]
A U 0
© N
AT U
0 a.
A
; Q@ . b.
Al Z 9 A T
A A
A ¢
®
A & A
A o A
20
)‘@* \lr:_ w@
0 0 0
A _
N @: AL
é A @\g’o&lﬁ/ﬁ &F
0 (e 1D
U A
A A

357




3-4

5-6 7-9 10-12 () 10-12 ()
A 0 A A @
2 ( ) o4 9 16
A )
A %ﬂ " A
A A b
i A U
A . A A
g A -
A
¢ & I NJ ) .
lad A
)
Y93 q% ] 0 5,
0 U :
i 0 A _
c A A A E
& N -
U M 0 A U A
A et -

358




3-4 5-6 7-9 10-12 ( 10-12 (
A UON ) U
A )iﬂ U ‘ )
; A )A (U
Y @ S
A N. R
A ] 0
A A
&
0 5
5
@
A A . \" @\
A U A A
U
( U A & & A
] A 3 . 0 Av
A u A
®l ~
) Y | & A ]
( A
@&
hd
0 A

359




3-4

5-6

7-9

10-12 10-12 ¢
A %30 A
0 =T b
5. 4. 9 A A
A ( @6 0
_ \Il',_ A
A N
et U
@ A
U X-t lﬂm
X S 4,
Al & 9@ )
A
) U
2. A x-t A
A x-t
U A %n
YA ) x-t ‘
¥ A v-t A U
7
3 N v-t lﬁ@afé 5
' o o Y A

360




3-4 5-6 7-9 10-12 10-12
O (1) -
X-t, v-t
()
i (3) ’
U (4)
o
=)
; y
: | A
0
4. A " A
A N "
A > A
A 2
( y
A
(
y o
A @ g
e U
@l
0 7 :
A
361




3-4 5-6 7-9 10-12  ( 10-12  (
Pab § A
5. A
A N K
A
A
6 -
v
6. ' N
0 éX gc:)
(1) A U
() A
U
() ( v
7. U

362




3-4 5-6 7-9 10-12 () 10-12
A
A 3.
A A
A
U
1)
(2) A
U
ai-, -3 ai-, -1 ai-- -1 ai-~ c-2 ai-« a-2
A
A A
ah-, -2 ai-- -2 i A
A ai-, -2 A ah -« c-1
A ah -« a-2
ai-- -3 A A U
363




3-4 5-6 7-9 10-12 ( 10-12 (
an-, -1 ai-, -3 .
A ah -« c-2 A
A A
A
ah-, -1 . an -« a-2
ah-. -2 A
A an -« c-1 U
ah-._ -2 A
A A
an-, -1 A
A
an -« c-2
1. 1. 1. 1. 1.
)

364




b

3-4 5-6 7-9 10-12 10-12
2.
A A X
3. A
x-t A
A
Ib-. -6
( A
A
)
A

365




3-4 5-6 7-9 10-12 ( 10-12 (
INa-, -6 INa-, -6 Ba-. -1 PBa-~ c-2 PBa~ a-5
A A A
A
A
- A
? ? A A
1. 1. 1. 1. 1.
( )
A 0 ) A & .%,
A A & 0
L A & Ao,
U Q‘/ A
A S
U U <@ 2
v ' & § ik ;
A ()1 &oF A

366




3-4 5-6 7-9 10-12 ( ) 10-12 ( )
- 0
2. 0 U
U A A
A
2. -
A ) A
@ & .
& € ( U
§] .
) A
. A ) /i A
Sttt @: S
, &% 0 s | el &
3.
- ) A
) A A A
o LED & g A
& &lii | g
4. -
oS

367




¢
p>

5-6 7-9 10-12 ( ) 10-12 (
A 4
./\/ A 2y
Lt A 5 - A O
\ll', A
B @ — )
§] U
( ) ( A
) ) 5.
® 2 pe)
0 R F:
A 87 \Ir U A
100 L = ﬂ?lam A ]
2, @20 m@) ) 0
Ea = B
U 6
A A
. A
( ) 5 1';» g:@ 6
o =
" A
(2) . U
3) . (@) AW

368




3-4 5-6 7-9 10-12  ( 10-12  (
|
Fﬂw & 2 it Prob o R
0 &) N -
U [ )
A

a4 §° (0 A
U A1l 2 3 0
) A %
A 0
A A 0
A ~ A A LT
( A
- %, So
0 e SICO RS
§] A A
A

369




3-4 5-6 7-9 10-12  ( 10-12  (
) ot P §' @@ i @
%@) 8. 8. A 0
0 A
o A
8. ) A
A 0
A 8 lat -
Al 9. %@
&k 0
v as@ §° A
§]
ai-, -1 ai -, -1 ai -~ -1 ai-~ c-2 ai-« a-2
A A
A A
A

370




3-4 5-6 7-9 10-12 ( ) 10-12 (
ah- -2 ai-, -3 ai -~ -2 ai-- c-3
A A ah -« a-2
A A
. . ai -« -3 ah -« c-1
an-, -1 ah - -1 A
A A
A :
an -, -1 ah -« c-2 an -« a-2
A ah -« -2 A
A u
A
A
an-- c-1
A
A

371




3-4 5-6 7-9 10-12 ( 10-12
an-- c-2
1.
2. A
A
A
INa-_ -6

¢ I

372




3-4 5-6 7-9 10-12 ( 10-12 (
A
A
3-4 5-6 7-9 10-12 ( 10-12 (
, -6 INe-, -8 -7 PKa« c-5 PKa~ a-11
A A A
A
1. A 1.

A A

A ( A U

373




3-4 5-6 7-9 10-12 10-12 ()
0 A
N
’ & A &l
A
i | I
). i _ A A
o U
5@,.- . »
’ 0 =yl & 9
~ - A sz
A A 9
ae )
it - A
A. ) PR
e ) A
A
) A ()
. & g P § W ) A
A Y . @ U

374




3-4 5-6 7-9 10-12 () 10-12
0 A 0 & |zt
A ) sy
A A -
& i NJ A A B
s, sk " K A A - —A
i P gabe | ° AA -
T 0 .
A )A
A 0 s B G
- : )ﬁ lad & 9
A s - -
A A
0
T W A
A e sl 2 A A ‘
U — €
A A A ;
. A
A A3 _
A

375




3-4

5-6

7-9

10-12

(

C )

p>
g

T

T

1y,

p>

)

<

p>

p>

Vit

p>

B
=

#

§ @i i

U

P>

T

T

<

A

b

o

<>

P>

b

376




3-4

>0 s 10-12 10-12
0. 5
A
A A
(
¥ A
5
A
A
A ( 10.
A U
5

377




o 5.6 7-9 10-12 10-12  (
9.
10.
A.
A
A

378




3-4 5-6 7-9 10-12 ( (
0
-3"93:3:
) &K@
U
A
ai-, -1 -1 ai -~ -1 ai-- c-2
A A A
A A
-2 ai -« -2
ah-, -2 A ai-~ c-3
A . A
-3 al -« -3
ah -« c-2 U
an-, -1 A A

b

379




p-

¢

7-9 10-12 () 10-12
ah -. -2 an -« c-1 A U
A A
A
an -« c-2 an-« a-2
A
l}j
A
1 1. 1
2.
A 2. 2
A
A

380




3-4 5-6 7-9 10-12 ( 10-12 (
3.
4. A
UINc-, -
11 A
A
A
A

381




3-4 5-6 7-9 10-12 ( ) 10-12 (
INe-, -9 INe-, -10 Ke-- -4 PKc-+~ ¢-3 PKe-~ a-7
A A A
A h A A
A -
A A A A(
)
1 U 1. 1 1 1
A ( ( [
). A ]
) * , @@ (20 10
& i) ? A
. ) @ ae i
‘ 2. AN &
A u .
A 3 R
0 A TN &
A U

382




P
pX
P
(&

5-6 7-9 10-12 () 10-12
? 4. (
YA A
Q@ S -
A & https U = ﬂg a
/lwww.youtube.co [ U
. m/watch?v=Afikg5 ]
OSkw4 | 2.
A v
®
& 2
[ ]
A
3 A
A
A N i
lath ¥ ab A
A
UP S .
o &2
= e

383

I>¢

b

b

b



https://www.youtube.com/watch?v=Afikq5OSkw4
https://www.youtube.com/watch?v=Afikq5OSkw4
https://www.youtube.com/watch?v=Afikq5OSkw4
https://www.youtube.com/watch?v=Afikq5OSkw4

3-4 5-6 7-9 10-12 ( 10-12 (
) U]
)ﬂg’ 5, A A
5 A (o ST
A P i - A
@) § ]
A
. A
3. )A
U Al T B2 =
6. M v e 0 )
~ U A
U ) ] A
A ~
A
A & A
A 0 0
lad )
] A

384




3-4

>0 7-9 10-12 10-12 ()
YT y =
, Jﬁaﬁ@:m . goi@
<y o
’ U
A
8. 0
D A .- A
o ( (
« ) @
A
i B A
* . ] T 1y,
5 Y -1
A < 0
e 0 =
¥ > :
U ~
A

385




3-4 5-6 7-9 10-12 () 10-12
U 10. A
10. A A
A A
U Gé o, . A U
@ P SR )15
: U B
11. U A
/f 12.
A ]
Gb o ;
0 . A
@ 8§ 4 A
. i A
12. U
A

386




3-4 5-6 7-9 10-12 ( ) 10-12 (
A U
& g
A " A
0 -
N
A
s )
X 7y, 10.
A (o 5-YCD
g
(
U _\lr,_ &
g
14. e
A
¥ B0
¥ <
12.
A

387




3-4 5-6 7-9 10-12 ( ) 10-12 (

A

13.

A
A
A

0

14.
A

ai-, -3 ai-, -1 ai-« -1 ai-« c-2 ai -~ a-2
A A

388




3-4 5-6 7-9 10-12 10-12
ah-, -2 ai -« -2 A
A ai-, -2 A ai-- -1
A ah -« a-1
. ai -+ -3 A
an-, -1 ai-, -3 ai-- -2 (
A A
A
an -« a-2
an-, -1 ah -« -2 A
A U
A
A
1. 1. 1. 1. 1.
2.
2. A
2. 3.
2.
2.

389




3-4 5-6 7-9 10-12 ( ) 10-12 ( )
_ U
INf- -1 INf-_ -2
(1)
A A
A
[ 1]
A A A A
j INJ U A

390




¢

ninmwlnlz2lZ2|2

¢

¢

391




¢

¢
¢

(o=
b

I

p>

I>¢

[ ]

1.magnetic field
http U //en.wikipedia.org/wiki/Magnetic_field#Magnetic_field lines

2.Michael Faraday
http U //en.wikipedia.org/wiki/Michael Faraday

3.Faraday's law of induction

http U //en.wikipedia.org/wiki/Faraday%27s law of induction

392



http://en.wikipedia.org/wiki/Magnetic_field#Magnetic_field_lines
http://en.wikipedia.org/wiki/Michael_Faraday
http://en.wikipedia.org/wiki/Faraday%27s_law_of_induction

)
3-4 5-6 7-9 10-12 ( 10-12 (
INb-, -2 INb-, -2 Ab-. -4 CCa-~ c-1 CJb-Va-3
A
Ca-. -1
A U
1. 1. ? ?
A
2.
A
U U
A
A A

393




3-4 5-6 7-9 10-12 () 10-12 ()
A as@
A A |2 A )
& lan - & A
& 0 &
A A ( hog
)
& laa - ( ™
0 & ) (
A * ) ¥
A ) . Gé@) ;
I, (
| & | [l ¥
( Teo “ 3. )
U & Sho 4 -
s P
) U&
: A A
&8¢ ” v
v fada . A ]
: . A

394




3-4 5-6 7-9 10-12  ( 10-12 ()
(
YA
0 Gb@ & A
A ) A ) -
* A A
A A X X
A A ( g:o;.’{?ig:
* =z @
A 0 A

b

b

g P

AL,

p>T

b

ol
A

b ¥

p >

395




3-4 5-6 7-9 10-12 () 10-12 ()
U U A
@
& A lad ¥ 9 2 y
U A q)‘o %ﬁ' (Ca®*, Ba™,
A A A ‘:'U Ag*. Pb* zn*,
f"_, @\ A Mg %)
Alr, ~
il P ( )A
( U A
™ A
«@N u 5" mho
e
) & & o cm :
=
‘ 6 U
0
( v - A
A
/\/ Al e A
)l P @ (
=,
A : ¢
A 7 U

396




3-4 5-6 7-9 10-12 () 10-12 ()
] , &2
) [ M & lat P
2 A %ﬂ é
0 @ Qo
-l ., @ A
1S
A
A
U
0 QoD
A 0
: 0
A

397




3-4 5-6 7-9 10-12 ( 10-12 ( )
A A U
, e -
CR N -215
l.‘_]
A 1/5
A
5
A

398




3-4 5-6 7-9 10-12 ( ) 10-12 (
ai-, -1 ai-, -1 ai-- -1 ai -~ c-2 ai -~ a2
A A
A A
. ah - -1 ai-- -3 A
ah- -2 ai -~ c-3
A A A ah -« a-2
ah -, -2 A U
an-, -1 ah -« -2 A
an - -1
A A
1. 1. 1. U 1. 1.
(1) A
2. 2.
2. U
3. A (2)
3.

399




3-4 5-6 7-9 10-12 ( ) 10-12 ( )
U A (3) 2.
4. ) A
A 2.
3. A
4.
5. 3.
)
1] 2}
3-4 5-6 7-9 10-12 ( ) 10-12 ( )
INe-, -2 INe-, -2 Je-. -1 Cle-Vc-2 Cle Va-1
J NJ A CleVa-3
A

400




3-4 5-6 7-9 10-12 ) LS )
Cle-Va-4
? ? ’ ? ?
g
( )A
: " 1.
0 1M A
A A
10ml A .
X 5 & lad A
@ &2
( @‘ A @\ % ‘
&M & N 2
) 7 A 1cm = ;
A 1000 a

401




3-4 5-6 7-9 10-12 ( ) 10-12 ( )
0.1cm A
i & « . A ( A
) )
. > A
' =2 o TR A
@ i 6 I A
& 0 .
A
A ?LF
*A v X
; v A &
A A . )A
, lad A
{g}j"_ %Q é ( A @75
0 ( " i
) 0
? K (
U )

402




7-9 10-12 () 10-12 ¢

¢
¢

b

p>

p>

A A
A
oz |-
2 5. A
=

5.
A (
: - >
A 6. ( A
A )
U YA
o &%
e
A
A lag -
A 6
A

403




3-4 5-6 7-9 10-12 () 1042 ()
A 8
a0 h q'i?
) Jﬁm@‘ %ﬂ U P A h m@ é‘hﬂ
. V A ~
éy A . Al 2y, o
| : lif P 9ap@® (
Tl g |, | U
i‘ vl | )
A
( ) ’ :
2 7 U
A . ! ’
7 . ( )U : A (
0 A } '
A
A . 2,
) A QO ’
5 A 8. U
A
5 A , A é
: ' 8. U

404




3-4 5-6 7-9 10-12 ( 10-12 ( )
T e . i
U ALl > r %® -‘\" 9
el B ¢ | 0 e P
( ¢ Qb
) 3.
0
1. A )
0
2.
A
A
ai-, -1 ai-. -1 ai-, -1 ai -~ c-2 ai -~ a-2
A
A A

405




3-4 5-6 7-9 10-12 ) 10-12 (
A ah -, -1 ah -, -1 A
ah- -2 . . ai-+ -1 ah -« a-2
A ah -, -2 ah -, -2 A A U
i ai-+ -2 A
an-, -1 an -, -1 an - -1 A
A A
1. 1. 1. 1. U 1.
2. 2.
2. A
3. 2.
3. 2.
4.

406




3-4

5-6

7-9

10-12

(

10-12

(

p>i

P

pX

b

1)

(

1.1)

407




10

1.2)

1.3)

1.4)

1.5)

(k

(

1.6)

NJ

(2009).

408



BTENR%

RFOMNEAR GETANKART
2FRV2BANTA?

li 2006NJ ) A A

U http U //163.21.249.238/ ( )

409



http://163.21.249.238/

3-4 5-6 7-9 10-12 ( ) 10-12 (
INa-, -2 A INa-, -1 Aa-- -1 CAa-Vc-2 CAa-Va-2
A A
1. 1.
? A
2. A
? 2.
A
A
U 1. 1. 1. 1.
A
1. ( A &, A
2. A

410




3-4 5-6 7-9 10-12 () 10-12 ()
> -, o 2=
) & 2 hE e
A 5 (
A )
&z O 0 A
. ( 0
& A | | 19. 29 3g
’ _ & S (E ’ 8 . 16 A
X 5 & | B L A 9 18 ( &
164 O
p 0 A
Nr,\_ A i
0 lad & 9 @
. & 2 A i
1. e Prab A N
A
v @ "
A A 5 A 3",;_ e
. A & 9
A A A A
(

411




p>

o

p>

3-4 5-6 7-9 10-12 ( ) 10-12 ( )
& )A la - 9 § A
e | o - & lad P

p>

b

pX

p>

P

P

( )
2 lad 3
C.

A
ob
d.
(
PhET), N

(Reactants, Products

Left ovg

)

and

&

(https U



https://phet.colorado.edu/en/simulation/hydrogen-atom

>4 >0 i 10-12 10-12 ()
A i ¥ 9° @ a. 0100 JIphet.colorado.edu
( )U 7.7 /en/simulation/hydr
( U v IA 100 ogen -atom )
A B 15.4 v 8.
v § A
’ . : v
& 9.
U ( &
PhET", N b. %ﬂ 9
A (Rutherford A _ o 5
PM2.5 Scattering) A
A )
i A
A B
& ‘ 0 .
0
A 3 .
i GO (o YD
.o A c
A 8
0

413



https://phet.colorado.edu/en/simulation/hydrogen-atom
https://phet.colorado.edu/en/simulation/hydrogen-atom
https://phet.colorado.edu/en/simulation/hydrogen-atom

3-4 5-6 7-9 10-12 ( ) 10-12 (
A
7y, A
&Y | ;
A
il
NG
A
A
5
A
"
A

414




3-4 5-6 7-9 10-12 ¢ 10-12
NG
0
ai-, -1 ai-, -1 ai-- -3 ai -~ c-2 ai -~ a2
A
A A A
. ah -, -1 A
ah-, -2 an -« c-2
A ah -« -2 ah-« a-2
ah -, -2 A U
A
an-, -1 an -, -2 A
an -, -1 an -, -1 A
A A an-« a-1
A U

415




3-4 5-6 7-9 10-12 ( ) 10-12 (
an -, -2
A

1.

He-4

A ) YA
) A
A 2. A E= A
A A
A
A
(

pX

416




3-4 5-6 7-9 10-12 ( ) 10-12 ( )
)
3.
(*) phETU https U *)U PhETU hitps U https U
//phet.colorado.edu/e //phet.colorado.edu/e //[phet.colorado.edu/e
n/simulation/rutherfo n/get -phet/one -at-a- | n/simulation/hydroge
rd - scattering time n-atom
1] 7
3-4 5-6 7-9 10-12 ( ) 10-12 ( )
INe-, -4 INa-, -3 Ma-. -3 CJEVc-4 CJeVa-3
A Mc-. -4 CMa-Vc-1 CMa-Va-2
A .
INb-, -1 (
)
A A A A

417



https://phet.colorado.edu/en/simulation/rutherford-scattering
https://phet.colorado.edu/en/simulation/rutherford-scattering
https://phet.colorado.edu/en/simulation/rutherford-scattering
https://phet.colorado.edu/en/simulation/rutherford-scattering
https://phet.colorado.edu/en/get-phet/one-at-a-time
https://phet.colorado.edu/en/get-phet/one-at-a-time
https://phet.colorado.edu/en/get-phet/one-at-a-time
https://phet.colorado.edu/en/get-phet/one-at-a-time
https://phet.colorado.edu/en/simulation/hydrogen-atom
https://phet.colorado.edu/en/simulation/hydrogen-atom
https://phet.colorado.edu/en/simulation/hydrogen-atom
https://phet.colorado.edu/en/simulation/hydrogen-atom

3-4 5-6 7-9 10-12 () 10-12 ()
U U
1. A 19
A A A Combustible Dust U
A A An Insidious
. A Hazard A
& & i
A (1) & & &
U @ .
& & 2 A )
A §] §] A A
80 80 A
®
A g g A & (
& A v
240 g 240 g 1A )A l@(&
A A A o
& 09 1409 g 3 | Faed
120 cc 120 cc 0

418




3-4 5-6 7-9 10-12 ( ) 10-12 ( )
U (2) U . A
l. a. 1 Q Jﬁ@‘;ﬂ _\lr:
A A
13, A 40- A A oA | 3.
@\ 50v ( A A U ]
2. A O'O& i A
X R == ML (38 a7,
A A lit - @b
A A ) 3A 3.1 A
Q b. 2 A 01
@ ) {\/ _\II‘
; 2 40-50 e -
| A A
/.\/ 5"_ -
A C. . Jﬁﬂﬂ @‘ ] A
( Qo 4R A
3 5 &
) A A | e
. 3.2
d. 20 5 o X
v y A (e Y& A
A ~
L i, DA
4A Qo A (  02)0 (@
(b) 10

419




. o 79 10-12 () 10-12 ()
: ’ A (c)10
e. *
8 ( Qo Qo @ . @ 1
§ . ] .
) A 0 g - g
‘ 3.3
S 2 U 50g jﬁgf‘ﬂfg _\lr" A
Q A, a :
~ L@;ﬂ L 300g *
z A A 120g 9.
480g A
©] X
) 10 0
3. * o |
A A T N
§ N . ; |
e 3
’ 3.4
P ) , v
tan A 2 ( A
' | ) 04U
@ ~
7 ( )A

420



3-4 5-6 7-9 10-12 ( 10-12 ( )
é 4. U A
5 A T . (A
A (B) ©)
A (D)
A . (B)
@\ A lﬁl{& » lﬁg @‘
A |2 35
A 05U
A
A A
A 50g A A
A A
A & lad P A A
A A Q@‘
a4 P ob@ )
U A ' .
A A .319:.
A L ¥
e -

421




2 o 7.9 10-12 10-12
A 3.6
i A
. 06U
0 A A
s 3 @ A
A

) A Alr, i
A B » jﬁ% Q@\‘ e
) ﬁ@i‘ A U
0 A
o i ¥ ¥
( U ¢
Ny -
4. A
)A . A
A
5 A
A y
A

422




(

J®
~ i @ <C <C
+< ﬁnw@ b ) ﬁdﬂ
- f 8 |
= < o d
o) ©
AN
i
=
i
(o))
N~
<C
©
7o)
i
< A
eSS
< m <C <L
A < @
N u,qu i '<C

423



3-4 5-6 7-9 10-12 () 10-12  (
ai-, -1 ai-, -1 ai-, -1 ai -~ c-2 ah -« a-1
A
A A A ( U
. ah -, -1 ah -, -1
ah-, -2 ai -« c-3
A ah -« a-2
ah -, -2 ah -, -2 A U
i an -« c-3
an-, -1 A
an - -1 an -, -1 A
A A
A

424




%) 3 7]
3-4 5-6 7-9 10-12 10-12 (
INd-, -5 INd-, -10 la-- -1 Ela-Vc-2 Ela-Va-5
A A
ElaVc-3
A ?
A (PhET
Plate Tectonics
A Simulation) A
1. PhET 1. U
A 921 A
) Plate Tectonics A
U 1. Simulation A
U A A GPS

425




3-4 5-6 7-9 10-12 10-12 ()
A (
+ ( :
& A &
A 2.
%ﬂ @\ ?', A ) (Seismic
U U ) | Eruption) A
A U [
P ] U (
3 U A A 2.( A
"2
SV &
- ae
A A
- 3.
A 0 A
raL
U A &%
A ) g % £l
~ 4. Goolge Earth
. A
4 U A (

426




7-9 10-12 10-12  (

D¢ I
¢

P

P

A ) GPS
) (

) A

I>¢

U jﬁm \LF 1 A
Prab
A E U A
PhET
( Plate -
A T
2-3 ) ? Tectonics Simulation lﬁm & %"
E
U A
A A (
A A
A A
A
@b | &

b

427




5-6 7-9 10-12 10-12 ( )
5. A
0 v A
A J
A
NJ
P A3 A o ¢
i (
i)
F3
P06
U
A
-1 ai-« -2 « c-1 ai-- a-1
A A A A
A

428




3-4 5-6 7-9 10-12 10-12 (
A ah-« -1
) ai-. -3 A
ai- -2 ah -« a-2
A A U
A )A
) ah-_ -1 A A
ai-, -3
A :
an-, -1 an-. -2 an-« a-1
A A
ah-, -1 A U
an-, -1
an-, -3

429




3-4 5-6 7-9 10-12 10-12  (
A A
A (A)
. (B)
. (©
(D)
( (
) (
)
A

430




%]

3-4 5-6 7-9 10-12 ( ) 10-12 (
INc-. -14 INc-. -10 Id-- -3 EFa\Vc-1 EFb-Va-2
A
A
A A
A A A
A A
)
1. 1 U] 1. 1. 1.
A
A A .
% ®
2. U ] A ) : 2.7
A A 0
&
@4

431




> >0 [ 10-12 () 10-12  (
0 & . _
& AL e 2
U U A (
(1) ( ) (
2. U ot -
2. 5
A A
“ & ¥ ( 3.
’ ’ =, ( U
A _ 310& A
2 ). 5
A = ¢ 5 2 A
v 1) , . v v
A ' A A
A A v Q,
A u,
UA &s . Lﬁ”ﬁo hod oY
@ A - ” -
) A -

432




3-4

5-6 7-9 10-12 10-12
A A ( A
(3 A ) A
§] A 2) A i
] ( ) (
0 A A . ) lad Q:g',s_ A
U
A . )@‘ I 1) )
0 NJ A
A A 0 10
o A A
P  gélan ¥ A ~ A
U ( » %ﬂ &
p A A 2 e Prab@
0 A ( ) |« ) 0
( ) ( U
A o P A A = .
/EDDZ ob @ A v A
0 (2) A

433




3-4 5-6 7-9 10-12 () 10-12 ()
A A
A A :
a. :
i 3. A
0 NJ
A
e A
A 0 : il ree § o
(1) ’ - A
A (1) ’
U ‘ 2
] A (2)
X U
( A
)
( _ "
) A
E 0 - .

434



3-4 5-6 7-9 10-12 ( ) 10-12 (
1.
A
A
2.
ai-, -1 ai-, -1 ai-- -1 ai-~ c-1 ai-« a-2
A
A A A
A ai-~ a-2
ai-, -2 ai-- -2 ah-« a-1
ai- -2 A A
)
A ai-~ c-3
ai-. -3 ai-- -3 A |ah-« a-2
ai-, -3 A U .
A A A

435




3-4 5-6 7-9 10-12  ( 10-12 ()
A ah-« c-1
ah-, -1
ah-, -1 A A an-- a-1
A
an-, -1 an-« c-1 U
ah- -2 A
A
A
A
an-- a-3
an-, -3
A ( *
) ) ) A
A
1. 1. 1, 1, (
) ) 2 2 (
2. 2. ) )

436




>4 >0 -9 10-122 () 10-12 ()
) )
A
A A
A A
A 3D A
A
A
A A
A
A

437




) 7}

3-4 5-6 7-9 10-12 10-12
INd-, -6 INg-, -4 Nb-. -1 ENb-Vc-2 ENb-Va-1
A A A
A
ENb-Va-2
ENb-Vc-4
A A A
A
( A ( )
A ( A
1. 1. 1. 1. IPCC
A
(A (A C ) C )

438




3-4 5-6 7-9 10-12 10-12 ( )
A N , U IPCC
A U A A
)A (U
A
A
A
A
A "
A A | IPCC
A se )
- @_ 5 3
lj Meteorotropic A A
U
diseaseNJ
A A U
16 A A A
e - c A .
. A
lasa 3+
U X A LaJ
A
- &2
A A ‘ (W) )
U . u

439




3-4 5-6 7-9 10-12 10-12 ( )
5l P ab A i
& &l o
0 a1 ¥ @d@ A A
0 V ]
A A A
X A
& &
2. s
. NG
U . .
X A A
s
A ] A 1 “
A A o |E 0 WD
0 @ @ la P 0
Go & A
0 A 0 A
-
A A

440




3-4 5-6 7-9 10-12 10-12 ( )
A A
A )
O A A
A U
A A L N
e - A A A
A
A A
A
0 A
A ')
A 0

441




3-4 5-6 7-9 10-12 10-12 ( )
laia
L
ai-, -1 ai- -1 ai-. -2 ai-- c-2 ah -« a-2
A A A U .
A A
A ah-. -2
ah-_ -1 an -« c-1
ah-, -2 A an -« a-1
) A
A A U
an-, -1 A
)
A A (

442




3-4 5-6 7-9 10-12 10-12 (
1 U 1. U 1 U
2 U
2 U 2. U
U U U
1 A ( 1.
WEDO - )
. N
2. 05 N N 2
/2014 186 N A
( ) 3
)
%
5-6 7-9 10-12 ( 10-12 (
INd-, -9 lc-+ -1 Elc-Vc-2 Elc-Va-1
A A
A A

443



http://books.cw.com.tw/blog/article/%E6%B0%A3%E8%B1%A1%E7%97%85%EF%BC%8C%E7%8F%BE%E4%BB%A3%E6%96%87%E6%98%8E%E7%97%85
http://books.cw.com.tw/blog/article/%E6%B0%A3%E8%B1%A1%E7%97%85%EF%BC%8C%E7%8F%BE%E4%BB%A3%E6%96%87%E6%98%8E%E7%97%85
http://books.cw.com.tw/blog/article/%E6%B0%A3%E8%B1%A1%E7%97%85%EF%BC%8C%E7%8F%BE%E4%BB%A3%E6%96%87%E6%98%8E%E7%97%85
http://books.cw.com.tw/blog/article/%E6%B0%A3%E8%B1%A1%E7%97%85%EF%BC%8C%E7%8F%BE%E4%BB%A3%E6%96%87%E6%98%8E%E7%97%85
http://www.books.com.tw/products/0010556633?loc=003_006
http://www.books.com.tw/products/0010556633?loc=003_006
http://www.books.com.tw/products/0010553034?loc=003_007

5-6 7-9 10-12 ( ) 10-12 ( )
A A + A A
lj NJ A A A
A A A
A
A
] ( )A ( )A
NJ + ( U2 A6 U U
lj NJ A 311 3 i,
U . A
A A http U .
é U /Inews.pts.org.tw/detail. http U
PU A php?NEENO=263361 /lwww.ettoday.net/news
i E /20150325/483422.htm
NJ st - @b @ +0
U 0
Q) 2} ay,
X . & 2 b Qo

444



http://news.pts.org.tw/detail.php?NEENO=263361
http://news.pts.org.tw/detail.php?NEENO=263361
http://news.pts.org.tw/detail.php?NEENO=263361
http://www.ettoday.net/news/20150325/483422.htm
http://www.ettoday.net/news/20150325/483422.htm
http://www.ettoday.net/news/20150325/483422.htm

7-9

10-12

10-12

C )

P

P

P &

> &~

p>
p>

<87

7
e

. _ hitp U
//lgoo.gl/AgalXm

> Cr B>

100

(1)

()

p>

b
b

b

b pg

445



http://goo.gl/Aga1Xm
http://goo.gl/Aga1Xm

5-6 7-9 10-12 () 10-12 ()
A 10 A
U A Q‘ﬂ 10
A
(e % Y¢D) )
+ 2l & 0 0 A
A ~
U A A
A ,
& &+l
4. 0 U
A
U] A v
A & X
v b Bab®
v ‘oo :
E 0 , N
A N

446




5-6

7-9

10-12

(

10-12 ()

p>

p>

Tab

P>

p>N

R

I>¢

b
b

(&%

§eaY

-

2,
<

L
=

447




5-6

7-9 10-12 10-12
E U
A
A
A
A
A
ai-- ai-- c-1 ai-- a-2
A A A
ai-- c-2
ai-- A A
A ah -« a-1
ai -+ ai -~ c-3
A A U
A )
ah -« c-1 p
ah -- ah -« a-2

448




5-6 7-9 10-12 ¢ 10-12 )

A U .

an-, -1 A ah -« ¢c-2 A

A
an -« a-1
an -« c-3 A
U
A
A A
| k

( . A

lj NJ n U

449




5-6 7-9 10-12 10-12
( ( (
( ) ) )

( (
) )
A 4~5
A
A
A
A
A G

450




N

t 3-4

NJ

nj

e

<L

<C

<C

" N ™M D O~ O o

<t
0]

o
—

— N o <

451



1. A
2.10 A A 1
3. A A
4. A (10 YA
. A
5. A +
6.
7. ( . . )A B4
( # A )
8. A A A
0. A
+
'.F
L
A A A
L
(1 ) (2 ) (2 )
I ) (1 )
( ) (3 )
ax / 3 /

452




INJ
2NJ
3NJ

p>

>«

I>¢

INJ
2NJ
3NJ

INJ

2NJ
3NJ

b

b

> B

pX

P

b

D I

T

453

b

b

b

b




>

i NJ t 56

(2013 -05-15)
. . A ¥

>
(6]
p>
<
p>
p>
p>

15

p>
p>

b
b

(0]
©

b

U A _lj Photo by /

b

>
b

b

b
b
w
b
p
b
>

p>
b

>
>

>

b

. - hitp U
/Inews.sina.com.tw/article/20130515/9607209.html

454


http://news.sina.com.tw/article/20130515/9607209.html
http://news.sina.com.tw/article/20130515/9607209.html

NJ

t 5-6

S mERmEY EEERRE®

BB EE YRR S

BRARHERERBEAMA T ARS A TEbXBER "E£HEMRIELE , - R
e A PG Fo KRR SR AP T RS % - LA HERAE
FIA GHEFE 45 -

R &) o

AL TR i B 690 0 i F 05 35T LA X AFE L
hody Gl 4Ed ~ B ARA W > FB T EILARA b -
ol ~ B RO S LABRTA B EWFER 0 R R
R A RA BN -

=) E e

P ZMH— T8 I(CEANl BRFRT)  XbEREIEWE > FEFE R
AT AL R ME RS EE R EMEL -

HEEGHETAMFLTE

MAS A — MR AE GRS 0 R RS H RGNS ~ HUES - it
o~ sk~ b o ALV RAEAREN - A RES M BAG F > F147
STAMIFR a9 As  WMITREFREEEFE -

o {77 00E £

BIEE R Xdeih P GBS By EL 50 T X k£ 16 - #1H b Bs= P 6985 B ik Fv & fLib 48
Z P it oK P Foimm £ A AL LS R B A H BN E KR - 54
KA F 445 T % > BRBEIAQAILS > iy > BE S b EA4

455



oo sb WM TR EM A BATEY  BABTAARENA % 2
BIR % A LR 2P RIGE R > BPTER -

FrAemamptdhd — AR RE REE R T AR (NaOl) » 5 b
FARETER L E4o t QAL R FaT - AL B UER E R AA
A ABE -

MRtz oo TR B T sMbiRtE T A & 0 R T BE P AT R a9 M -
B st pk £ R 2 A Ay R

hEs+ (A A bd+K) =g

FrekFh ~ARE EME - R EEAANGIEtes c AARLE  FHEMEA
AR ES o AT 8 &m0 TERER > LT RRAGER KA T EEY
FremF o

BTl —& Ao B REEE > Rk R S M e HH R AT A
RAMRF i e o ST Al S shadh ~ RIRHEF L -

Fd - F T e ket Ml a9 W R A - iKY > HEFEf > 7T
S A SR AR -

B — Y E e HmhE RaH  RBREELE
A R R e F b 2hk
b NBEA c RAEM RASH RESRBRERLER
g o

R R BB R ~ A Zib » BE - B & #Fd  #EL0 - A

B FEHA| B RETRIFE C 6GEAFHIH L E 6957 W # »

HAAEEMAER TP AEFARERL A S FaE D > & B el

P ATARN G AR Ll e 9] (2 500ce) a9 s 8 X - FRM AT - &7
WMYFK oA T 0 XA EEEET - AR AIAKEAF -

MR F T st EBRE  WHHGEARRTE R0 ER2RAREE
B =AER - AFiReR o FTHER -

FreXRAMELREMER ASHBH ETIRAFCOEA E 1 F 0 &8 SdE
WEFAER -

456



FreBRAZSERFRARNET RASSEMMTRAEEEANREK  H

BT

2! ]

FARRERAT

HARAEBFERRT EHRAF - ARCMWAKRTIRPAEL S

#(90¢)) » PRIA = RA WIS HEREL LS T8 & B HF R e 3 -
Bt mBARE > HIALBPLUE RN W IREH o B AR H T RAEEZE
o FBMERA o THERZEB L LB M H BT o plhods 4~ B M
W TR LM > HARSAELE 2 BALRE » TER EFo R 454 H

HBR -

ERFrefuhrE
<3t 5O ik~
e | g | EAEME | A
#5] ;z(ﬁi)ﬂwm ¥ iﬁ%l%ﬁ.ﬂi 5
Tl e | |
@ik |(BA| 700 0.15 105 200  61) 70% | 42.7
FELHR || 300 0.19 57 171)  258| 30% | 77.4
SstsE(AL) | 1000 160  370[48% ¥ | 1350|120.1

RESEAKX ¢ Bib$ /44 FXINS4(120-170 | & £ %)

700/1000%61=42 + 700/1000%258=77.4 4&-3+=120.1

CAbBAA 2L b ] b RS Eab L8 A5 INS 1A 3 % ik St $rt
—AE T R ey INS 4 160 A3 120~170 #F 3 2 22 48 a9m8 Jif

457




hRsAELR | A S csy | INSH | hAsfEER | SLALfb4am | INS/E

B 0.138 139 HRF i 0.19 258

45t 0.1405 147 5 A b 0.141 145

# 0.1369 130 AR b 0.134 109

et 0. 1389 130 X &b 0.135 61
I

e 18~ BASHE -WHE 11X KaHGEES) 1L ~o0F 13-
BFE 1%

LK
1. =145 700 2 5 #RF b 300 258 ©
2. @, 5u1b4n 160 2 5%, ~ A7k 370c.c. -

(PR 125 A k)

. MBAFHF(BMITIART2NALEEHI0NHE) -
4. R B 2% 40k 5 69 2%4 20 %)

Yk
1. G b @ EHisrp it -
2. KR A FHER R ERITHGREAST oA R B -

3. A AL AN B AL FHEREHEYY - FEE 40-50 E - 3F
PRRTFE AR EBENE  ASKEASFEALRR 0 R
h SRS E A0-50 E(HmEFEBEMEDLEN) -

4. B 45 Ak Fv @ LA 5k — B I — M F & bR B B IR P
FOIH 20 4B RE BB R SIS H T A Es bR B BT
FHEI °

458



b kM — R M L AR~k AL MERRME S RERAANERY - &
M S EP AR IR EK R E T ) » BATIL 5 BT B A Bk
A F M~ Wb KB

6. BARARBEZHAESY KE=REHAMBE  LELAKE —
R % > FAEAE A (AR X ARREARLF )

N5
— R E Hﬂkﬁ(ﬁjﬁﬂﬂ%ﬂ?ﬂ) -
AR £ 40y E 1. 88-3, 2—CC AR (T IR SRE) -
£ 6 A B R, 3-3.29=CC & A e ST
ERLe®BK

et REAERRBE FriEedyk 10006

aafk

WA | hAsHEE | bhe | 21618 -
k=

oKy | INS A

Hpf- b 0.19 30.4 : 258

PR AR 33. 84 145

1 B 10. 288 95

AR 42. 88
117

J jh; SEFH LETRAMEFERL EMAEFTA - AL LB TR

FHRBAFRRGRE G %H

459




j NJ L 7-9
- A
A
A
A
A A A A
A
A A
A
A A
A A

) A A
A

_ A A

A A A
A
A A U
. A A
A A A
A A A
A

460



<

60

<

<
<C
<
<L -
<
H VA
<C
<
=
<

<
<
<
<
<
<
<

<
<
<L )
(D]
<L
<C
<L -
<L
<L ]
<L

)
M < W0
i

-

461



¢

: §]
: §]
A A
0
A A A \
A A
A
A A

462




i NJ --10-12

¥ DEHP (2011 5 24

p>
p>

UDEHP
A

U http://www.nownews.com/n/2011/05/24/523445

A
A lj cloudy agent NJ
| NJ | NJ A
0
U A U
H
0 CH,
H—C—0—C
o CH,4
H—C—0—C
(o)
H C 00—~ CH
H
0
Gum Arabic - Structure
U ( ) ( ) A U
l )
A (emulsion) (dispersion)

463

¢


http://www.nownews.com/n/2011/05/24/523445

>~
¢

¢

b
>

DEHP(

p

O/J\E\/\ @]
: /]io O/CQH19
5] o O\
\/li/\/ CQH19
0

DEHP

DEHP DINP

<
p

A A
A ( ) ( )
( ) A
(micell) A A 1~100
A A
:gﬁﬁég;
CY
A A
A A A
A A A
. A
(2- ) ) DINPJj NY
A A
A 1980 A
6 7 A A
A
A
@]
DINP
A A
lj PVC NJ A DEHP
A DEHP

464

¢

¢

p



8.35

DEHP

lj TDINJ
DEHP

7~ 149. 8°%7

DEHP

SN DT -
R | X
RS -

S G B KB
BERN | - BHXES
WOBE N - W -
IR B <K
okRmE- (P

0

10
22

11

LT
WL T
ROWTIKL
B - SRR
EEIS LB 2
ROE
8/ (& — @
=
@ | ERen
O
nDpER
G
=

BB HEE © BfEY =
BIERARSERNEBRRD
8 - RERZZIRIZH !

99

2.3¢93
A DEHP

1'e
DEHP

DEHP
20.
DEHP
2~3

D4R - R BB -
NDL K FED 451 K- B R S 4
MR B S mn\ﬂx/w

.
iR - poddo
HBEBERS - LF

MR @ 0B - SRR -

* BRI

TR EEE
465

http ://old.ohmygod.org.tw/teachersay/teachersay199.htm

0




A
( () 600mL ()
100 15 50000
120 15 60000
250 6 30000
40 A A
A A
A U
50 A A
A
aJ 100mL 0.7 DEHRA
i NJ --10-12
. d A
A A 2 A
A A A
A A
A

http U

(
/lwww.appledaily.com.tw/appledaily/article/headline/20141102/36183308/

p>

p>

b

466

)

p>

b



p>N

p>
p>
p>
p>
p>

A A
A . . .
A I 100 m
A'm =0. £10 °*mN&
U lj =~ nNJ u
] ] A 20
50 i
A
u {
A A
A X 100" m
A
A A A 25-

45mg/L~80mg/L

b
b
b
>
b

467



i 1NJ
li 2NJ
li 3NJ

P

(Rate of pressure rise) A

0

P

P

468

p>

¢

P




1BV ERLE 4
BAZE B AR R —
‘EEJ}EF_ ﬁ/ﬂz%
THRE -

RELEBENT
- REEEARAERE
CAWHE OTEMA
#9554 EE AT %3P
CEEEEZE - §
- ATRRRRATE

417 ERRB#E .ma.n

mEKRE - B

EHRaR  EE

122 I I B 4G
i..#j} EEE/:I:, (S
Sl =R LE -

ot

: EuJ%VF
ﬁrd\ °

BEDRBRIEE A‘._' hal

BEREBTE S ~x;3
B2 223 (ORI
RERRE - B S

| BAAIRE -

apple daily C.G.

https U //tw.images.search.yahoo.com/images/view;

0
U http U

//blog.yuntech.edu.tw/meworksv2a/meworks/pagel.aspx?no=8016

U http U /iwww.43577.com/show/559676.shtml

1.
2.
3.
4,
5.
6.
A U
010
A A A ) A

A
i /

A A /

469



http://blog.yuntech.edu.tw/meworksv2a/meworks/page1.aspx?no=8016
http://blog.yuntech.edu.tw/meworksv2a/meworks/page1.aspx?no=8016
http://www.43577.com/show/559676.shtml

¢
¢

02
O ( )
(@) (b) 10 . (010 . (@) (€)
03
A
A A
C ) (mg/L)
A 100 20
B 100 40
C 50 40
D 50 20
04
( )A A
(A) (B) (©) (D) (E)
05
A A
A A A A A
06
A A
A
A A

470










(N[

i 1NJ

li 2NJ

¢

¢

¢

¢

¢

NJ

99
A
J N J NJ
A
A
0
A A
I 99  NJ

473

pX

b

pX



(N[

- NJ
U 1. Db-. -6 L A
INb-11I-7 y
A
2. A
(Db) A
1. Dc-+ -5
_ INB-11I-6 A A
i DNJ y
A
(Dc) 2. A "
" A
3
[ NJ
1.
A A 2
A A
A A A

474




7 10 A 8 9 10 A
A A A
U
Dc-. -3 A A 2 A
i DNJ (Dc) U
U A
(BDb-Va-7
)
(Ge) | Ge-- -3 A A
i GNJ A A 2 A
Ge-. -4
A U U A
(BDb-Va-7
La-« -1 A A
j LNJ (La) A A 1
0
Me-. -6 A

475




li MNJ

i MeNJ

b

(end

(N)

(Nc)

Nc-

Nc--

Nc--

p

p

1. Nc-

p0

2.Nc--

-6

-4 Nc--

p

-5A

p0

p

476




b~

NJ

(A)

(Aa)

> >
¢

b

>(
=
>(
5 >(
—
1 >(
> >
\l
l
.’ O
b
(@
¢
¢
N
¢
p

477




Ca-- -1 A U A 1 A
i CaNJ
i CNJ 0 !
Jb-. -4 (P%), 1. (ppm) 0.5
(Jb) (ppm),
) U A ppm
(Jd) Jd-. -2 pH
Jd-+ -3 pH A
2.pH A 1 A
pH
I -1 A
4 J. -3 A
(Jf) U A
A A

478




Aa-. -2 1.
(A) (Aa) A
) Aa-. -3
i AbNJ| Ab-. -4 A A
2. A
3. () () A
4. A
5.
1)
(2)
3)
Ca-. -2 1.
(Ca) A
(®
A

479




2. A A
A A
Aa-+ -2 . 1. A
(Ja)
o)
2.
Ja- -1 ) 1. A
2. A
A U A
A
- NJ
A A
A ) 107 A
107, 108 109 A

480




¢
¢

102
1-2-2 (Hb) I A
. A Hb-. -2 . A NJ _ (Hb).
A
A
3-1-3 (Fa) A
. A |Fa. -2 _ (Fa)
l.‘:l
A

3-3-1 (1a) A

la-- -4 . . (Ia).

A

481













(A<

N A A
A
A U
A I
NJ / ( )
(
A A
3
A A 5
A
A
A
A
A .
A
A A
A
A

485




NJ

A d
A

2

10-12

2

1.

2. A

3. A

1.

2.

3. A
1
2~4 3

NCBI
5~8
9~12
( )
13~17
A (
invertebrate chordates | mammals) A

~ ~

A A

486




18

NJ

10-12

— N o <

2~5

6~9

487



10~13

A
14~17
A
18
i NJ
A
2
10-12
2
1. A A
2. A A
3. A
1. A
2. A
3. A
4, A
1
2~4
A

488




5~7
A
9~11
12~14
A
A
A
15~18
- NJ

P

pX

10-12

NP woN

pX

489




P

P>

P>

p>

9~10

11~12

13~14

P

15~17

18

(N¢

b

490

b




NJ

A

2

12

2

A A
A
A
4-6
( )
( )
( )
20
( )

61 8

1)

(2)

[1] The Beginnings of Western Science: The European Scientific
Tradition in Philosophical, Religious, and Institutional Context,
Prehistory to A.D. 1450, by David C. Lindberg.

[2] The Clockwork Universe: Isaac Newton, the Royal Society, and
the Birth of the Modern World by  Edward Dolnick.

[3] Science's 10 Most Beautiful Physics Experiments by George

Johnson.

491




NJ

12

32

" N o <

)

(LED

LED

LED

2-4

2-4

2-4

492



P

A
A
A A
. 5
A
2-4 A A
16 (
).
i NI
A A A
A
A
2
11-12
2
1 A A
2. A A A
A .
( A A A HA
A A A
A
A
o A

493




4-6

Vollmer, M. (2004). Physics of the microwave oven. Physics
Education, 39(1), 74-81.
Parker, K., & Vollmer, M. (2004). Bad food and good physics: the
development of domestic microwave cookery. Physics
education , 39(1), 82-90.
( U Hosack, H., Marler, N., & Maclsaac, D.
(2002). Microwave Mischief and Madness. The Physics Teacher, 40(5),
264-267.)

A
Maxwell A ( )

b
-

NJ

2 T o

pX
T

« 1 / )

2-4

Silverman, M. P. (1998). Flying high, thinking low? What every
aeronaut needs to know. 7he Physics Teacher, 36(5), 288-293.
1. 3000 A A

P

P
P
P

2-4

GPS
Mungan, C. E. (2006). Relativistic effects on clocks aboard GPS
satellites. The Physics Teacher, 44(7), 424-425.

494




2. GPS A A

A
3. GPS ( ) ( U A A
)
4. ( ) A
2-4 Bi er mann, M. L., et al ., (2002) . Wi
Sun. The Physics Teacher, 40(7), 398-400.
2-4
Leif, T. R. (2008). Lava lamp. 7The Physics Teacher, 46(4), 219-221.
2-4 Tan, A., & Zumerchik, J. (2000). Kinematics of the long jump. 7he
Physics Teacher, 38(3), 147-149.
i NJ A
1. A
2.
3. A
2
12
2
11
1.
2.
3.
1. A
2.
3.
8~10

495




6~8

8~10

4~6

8~10

NJ

l

12

11

496



— N o™ <

6~8

8~10

10~12

6~8

NJ

497



P

32

P

P>

P>

8~10

b

8~10

P

6~8

P

2012, 007 N

6~8

A

498




[ON[

NJ

p>

p>

10~12

b

b

b

b

b

b

p-

p>

p>

p>

p

499




5~8
( U
).
( ).
9~11
A
A
12~14
( U ).
15~18
A
A
- NJ
A A
A
2
11~-12
2
/
1. A
A A
A
3.
A A

500



http://www.cib.gov.tw/

P

P>

P>

p>

P

P>

P

1~-2

3~6

A

b

7~10

P

b

501




11~-14

1. Arduino
2. Arduino A
3. U

—

p>

15~18

1. Arduino A

H3PO4

H,PO,%

>«

H3PO4

A<

NJ

P

b

b

10-12

pX

NJ

P

502



https://zh.wikipedia.org/zh-tw/Arduino

NJ

l

503



A

103

11-12

" N ™M <

<

<

<C

5-6

504



P

P>

P>

P>

505













QLJA

Q&A
A
Q1. A1U
108 A
A
Q2. A2U
0
A
A
A A
A
A
A A
U
() U
A
() U
A .
_ LA A
A
() U U
A A
() U
A A
A
() U A

509




()
G A
) U
() U
1. A
A A
2.
A A *
A
3. l NJ
A
4, lj NJ
() U
1. A
A
A
A A
2. A A
A A
3. A A
A A

510




QLJA

(

(

)

522
)

P

P

527

P>

p>

pX

¢ -

99

P

pX

p>i

P>
P

I>¢

P>

p>

b

p>

p>i

Q3.

A3U

511



D>

p>

P

P

A

A
LA

§] A

A

A
N3

0

A
A
lj N3
A
A
A
A
A
0
A
A
§] A
A

512




QLJA

Q5.

0 A
A
Q4. A4U

A

l NJ A

lj NJ

A
A
A
A
A
' I’
A /A
A
A
A A
A
A A
A
A5U




SN N

)

(

NJ

< <

l

<

<C

A6U

<C

<

16

<L
<L <L

12

Q6.

514



QLJA

Q A
) A
5 Uj NJ
A( A
uj  NJ
A
A
A)
Q7. A7U
LA
A /
A
A A
(
) A A
[‘]
A A
A
A
NGSS(Next Generation Science Standards)
Q8. A8U

p>

515



P

Qo. A9U
A
Q10.. A100
A
) A
A
i
Q11. A11U
A A
A
Q12U A12U
(reliability) (precision) A
A U A
A (validity)
A U

516




QLJA

Q A
A A A
(accuracy)
A
y
A A
0
() o A
A :
() U A
lj NJ A
lj NJ
() U A
( u YA
lj NJ A
A
A
Q13. . . A13U
A U
() 3-4 U A
A lj NJ A
A A
() 5-6 U A
A A
A A
7 .
() U A
A A
A

517




<C

)

(

)

(

<

<C

)
)

(
(

<

)

(

< <L

)

(

518



QLJA

Q A
() U A
A
() U A
A
A
0
() U A
A
() U A
lj NJ A
() U
A
() U A
Q14. A14U
0
U A
A .
A A A
U A
A
A A
A
U A

519




Q
A
Q15. A150
104 5 :
A 2 NJ
A 4 NJ A
A
A 5-6
é A
A
Q16. A16U
A
( A
A
A
A A
A
A)
Q17. A17U0
A
A U
12 A

520




QLJA

A
2~4 A
A
A
Q18. A180
A
A A A
A A
A NGSS A
Q109. A190
A
A
Q20. A20U
0
A A
A
U / ()
()
A A
A E-portfolio

Q21. A21U

p>

521




A
A
25
A
A
A
A
Q22. A220
l.‘j
12 . / ( )
A A
Q23. A23U0
A,
A A
A
Q24. A240

522




QLJA

Q
A
A
A
Q25. A250
1/6 3 (
(
A A
A A
2 A
A A
Q26. A26U
108
108 A
3D

523




Q&A

6
3 99
5 99
99
: 2
1.5 2 .
2.
A
A
" 99
nj 3
A
A
A
1.
A
A

524




QLJA

g9

¢

¢

¢

p

p

pN

525




99

Q

N

13+2

8+2

12

99

99

13+2

8+2

12

526



QLJA

99
1. 8 4
2.
3. 8+2
99
1. 5 10+1
2-3
99
1. 10+4 10+2
2.
3.
4.
5.
6.

527




99

7. 4+1
8.
9.

12+4 10+2
2.
4. 6+2

99

1. 8+2 10+2
2.
3.
1. 5+2 6+3
2.
3.
1. 8+2 8+2
2.
3.
4.
1. 9+2 10
2.

528




QLJA

99
4.
99
1. 18+2 17+2
2.X
4.
5.
6.
7.
99
2
2
2 2
2 2
1
2 2
2 1
2 2

529




99

530




Uj

NJ



Uj

NJ



b

http: //www.naer.edu.tw

b

b


http://www.kghs.kh.edu.tw/
http://www.kghs.kh.edu.tw/

LA

BARNEEEREFH

E §§ TAKING
THE INITIATIVE

SEEKING
iy

THE COMMON GOOD

IRy ERHE PSR

National Academy for Educational Research

& wwwnaer.edu.tw



