


2

I

150 km
0.4

153 km 18.44 m
0.395

1,000 1
7 mm

0.2

0.2

I

2.

1

1933 1
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1.
2.

2.
3.

4.

2
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1
2

3

3

I

l m 1 m

1 cm¤



5

IT

4.

5.

3

30 m/s 12 m/s 100 m/s 120 m/s

4
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1 2 A B C

1

2

I

5
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2

14 15
12

8 13

20 10 20

2

6

5.

6. 110 mg/100 mL

7

0.1%
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1 2
3 4

1 3

08 14 20

1. 2.
3. A C B

A D F E C B

4.
5. A F

6.

2
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II

0.3 km¤
423

II

2.

1.

2.

1
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1.

= = =8 cm‹
84 g

111113
10.5 g/cm‹

114

4. 1 cm‹
1 cm‹

1 cm‹ 7.9 g 1 cm‹
7.9 g

1 cm‹ 1
cm‹ 2.7 g

1 cm‹
1 cm‹ 1

cm‹

2

14

110.5

7.9

4

31.5

7.9

1

2.7

2.7

8

21.5

2.7

cm‹

g

1 cm‹ =

g/m‹

1. 10 g

2.
3.
4.

10 g

1 g/cm‹

mL g/cm‹

12.0

11.0

5.0

9.5

0.83

0.91

1.81

1.05
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100 æ

1.

2.

11

3. 61æ 42æ

4 g

8 g

4 g

8 g

3. 78 æ

5 mL

10 mL

4 g 8 g 4 g
8 g 5 mL

10 mL

61 æ 42
æ

78 æ 100 æ

3

æ

æ

0

35

9

61

1

36

10

61

2

39

11

61

3

43

12

61.3

4

49

13

61.5

5

53

14

61.5

6

59

15

61.8

7

60

16

63

8

60.5

17

æ

æ

0

36

9

60

1

37

10

60

2

39

11

60.5

3

43

12

60.5

4

47

13

61

5

51

14

61

6

56

15

61

7

58

16

61

8

59

17

61.3

æ

æ

0

25.0

9

43.0

1

26.0

10

43.2

2

28.0

11

43.5

3

32.0

12

45

4

37.0

13

49

6

41.0

14

54

7

42.0

15

59

8

43.0

16

æ

æ

0

23.0

9

74.0

1

24.0

10

77.0

2

26.0

11

78.0

3

31.0

12

78.0

4

39.0

13

78.0

5

46.0

14

78.5

6

54.0

15

79.0

7

60.0

16

79.5

8

68.0

17

æ

æ

0

23.0

9

67.0

1

24.0

10

72.0

2

25.5

11

75.0

3

30.0

12

77.0

4

36.0

13

78.0

5

43.0

14

78.0

6

50.0

15

78.0

7

55.0

16

78.5

8

61.0

17

æ

æ

0

25.0

9

42.0

1

26.0

10

42.0

2

27.5

11

42.0

3

29.0

12

42.5

4

33.0

13

43.0

5

36.0

14

43.3

6

38.0

15

43.5

7

41.0

16

43.8

8

41.5

17

44.5

2.
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-0.5 æ

2.

3. 2 2
3

3
2 3

2 3

20 æ
4.7 36.0 204

4

æ 0

2.7

14.3

27.6

35.7

73.0

179

20

4.7

20.7

34.0

36.0

88.0

204

40

8.2

28.5

40.0

36.6

105.0

238

60

13.0

40.0

45.5

37.3

125.0

289

80

19.1

55.0

51.1

38.4

148.0

369

100

27.5

75.4

56.7

39.8

176.0

485

3.

4. 3 æ 100 g

(
)

(˘C)

100g
100

80

60

40

20

0 604020 30 5010

g

5

4

31

6

38

8

48

10

56

10 g g

æ

æ 0 20 40 60 80 100

13.3 31.6 63.9 110.0 169.0 246.0

36 g
20 æ 50 g 18 g

20 æ 100 g

50 g 18 g=100 g x x=36 g

1
2 2.7 g/cm‹
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3_5_4=60 cm‹

= =;;¡6§0™;;=2.7 g/cm‹

3 A C

4 9.65 g
60 æ

100 g 40 g
140 g 140 g

20 æ 100 g
20.7 g 40-20.7=19.3 g

60 æ
70 g 20 æ

140 g 19.3 g=70 g x x=9.65 g

114

500
kg 500 kg

500 kg
500 kg

500
kg 500 kg

8.96 g/cm‹

7.36 g/cm‹

II

2.

6
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0.78 0.95 g/cm‹

7

d
1.07<d<1.16

d
0.94<d<0.95

d
0.91<d<0.92g/cm‹

0.9 0.91

0.92 0.94

0.95 0.97

PVC 1.16 1.35

400 æ

4.

8

BC DE

BC

DE

78 æ

78 æ
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-21 æ

0 æ
13.3 0 æ 40 g 5.32 g

35 g 5.32 g 29.68
g 0 æ 100 g

14.3 g 0 æ 40 g
5.32 g 1 g

1 g
5.32 g

9

3.

2.

10
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1.5 2 cm

+ + +

+

+
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1

2

A B
A B

1. 2. A C B E

3. 69 g
58 ˘C

0 ˘C 100 g 13.3 g
50 g 6.65 g

54 g-6.65 g=47.35 g

4.
5.

6. A C A D E

4 ˘C
0 ˘C

4 ˘C
4 ˘C 0 ˘C

0 ˘C
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III

2.

3.

III

W=Fs=20 N_1m=20 J

1

0

0

0
0

0

0 0

2

0

0
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2. 20 cm 10
=0.2 m_10=2 m

450 N 480 N 500 N A B C
2 3

4

4. = _

1 =
÷

5. 4

1 4 5

1 A C

1

3

A

450

2

900

2

450

B

480

2

960

3

320

C

500

2

1,000

4

250

N

m

J

s

W

P= = =100 W

3

600 N_10 m
1111114

60 s
W
14
t

4

=
=300 N_10 m=3,000 J
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2.

4.

5

N

cm

J

2.5

20

0.5

N

cm

J

10

5

0.5

2.

3, 4.

;2!;

6

N

m

J

N

m

J

2

0.2

0.4

2

0.2

0.4

2

0.2

0.4

2

0.2

0.4

2

0.2

0.4

1

0.4

0.4

4.

7

2h

3h

N

5

2.5

1.7

0.2

0.4

0.6

1

1

1

m J

F=;2!;_ =;2!;_200 N=100 N

3

1792
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1627
J.

10

4
4

1 ;2!; 2

2 3

F_5m= 9.8_50 N_1m
F=98 N

300 N 2 m

III

8
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3. 0.9 m

4. 0.4 kg

10

2.

3.

= _

9

g

cm

5

0.5

22

2.1

45

4.7

m/s

cm

0.76

2.2

1.05

4.3

1.24

6.0

50403020100

6

5

4

3

2

1

g

cm
0

6

5

4

3

2

1
cm

0.5 1.0 1.5
m/s ¤¤

E˚=;2!;mv ¤=;2!;_0.2 kg_(5m/s)¤ =2.5 J

2

4 4
40 m

kg

m

0.1

0.028

0.2

0.057

0.3

0.083

0.4

0.112

m

m

0.2

0.027

0.4

0.056

0.6

0.082

0.8

0.110
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5.

6.

11

cm
806040200

12

10

8

6

4

2cm

kg
0.40.30.20.10

12

10

8

6

4

2cm

;2!;

10 m

Eπ=9.8mh=9.8_50 kg_5 m=2,450 J

h¡ m A
h™ m B

9.8 mh¡-9.8 mh™ h™

9.8 m(h¡-h™)-0

4

kg

m

m/s

J

J

J
+ J

A

0.059

1.526

0.14

0.882

0.001

B

0.059

1.424

1.28

0.823

0.048

C

0.059

0.952

3.02

0.550

0.269

0.883 0.872 0.819
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0

1

2 ;2!;_2_3¤ -;2!;_2_2¤ =5 J

A B A
B

B -A

3
4

= +

=9.8_1_10+;2!;_1_2¤

=98+2=100 (J)

2 kg

m

;2!;_m_20¤ =1,000_0.4

m=2 kg

1.

2.

3.

1 2 3
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1.

0
0

0

2.

3.

1 N_0.5 m=;2!;_0.0025 kg_v¤

v=20 m/s

4. = = =1,000 W

5.
6. E˚ Eπ=9.8_1_ 20-4 9.8_1_5=3 1

7. = -

7. =100 J-;2!;_2 kg_ 8 m/s ¤ =36 J

1,000 N_10 m
1111112

10 s
1114

2 F=;4!;w

4
0.25 m

1. B A B C

B

2.
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IV

70 %

IV

3.

45

35

25

30

20

40

0 3 6 9 12 15 18 21 24 27 30

æ

1

36.5 æ
0.75 lm 1mm

æ

æ

24.2

18

40.2

3

27.8

21

41.0

6

31.1

24

41.2

9

34.2

27

41.2

12

36.7

30

41.2

15

38.8

33

41.2
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70 30 70
< >

70 m

700 1,200 m
1,200 1,500 m
1,500 1,700 m 1,850 m

4.
6.

7. 412 mL
325 mL

_100?21.1 %

21
%

78
% 0.93 %
0.03 %

412-32511112
412

2

DNA
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100

_100=60 %
12 g/m‹
1111
20 g/m‹

2. 13 æ

3.

4.

3

2002



29

3

1

2

3 30 æ 30.4 g/m‹
20 æ 17.3 g/m‹

_100?56.9 %
17.3 g/m‹
11111
30.4 g/m‹

IV

4.
5.

4

1 1,013 hPa

13.5
13.5

1 76 cm 76 cm
_13.5=1,026 cm 10 m

10 m
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1. 0˘ 60˘
30˘ 90˘

2. 45˘ 50˘
30˘

3

30˘

a c

b

5

0˘ 30˘ 30˘ 60˘ 60˘ 90˘

1

1 1,013 76

2
3

0˘

60˘

30˘

30˘

60˘

1 76 cm

76 cm
76 cm

2

30˘

IV
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1.

2.

1024

1012

1016

1020102810321036

6

1,013 4

5 m/s
7 m/s

7
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12 m/s

0.01

2 m/s
2 m

0.1 0.12
2 m 1 m 0.07 3

1 3

http://www.nema.go.kr

http://www.kma.go.kr

8

35
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1

2 A B
C D

3

4
5

A

B

C

1000

10241024
1020

1020

1016

1016

1016

1012

1012

1012

1012

1012

1008

1008

1008

1008
1008

1008

1008

1008

1008

1008

1004

1004

1004

1004

1004

1004 1004

1004
1000

1000

1000

1000
1000

996
996

996996

1.
2.
3. 20 æ 17.3 g/m‹

10.7 g/m‹

_100?61.8 %

4.

5.
6.

7.

10.7 g/m‹
11112
17.3 g/m‹
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V

2.

-
+

2,500æ
2,500æ

- +

V

LNG

2002 8 31
870.5 mm

2003 9
60 m/s

8.
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B A A B

2.

-

3.

-

2

1

3.

3

1. A B

2. A B
C

3.

2

0.6 A
0.6 A-0.2 A=0.4 A
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+
-

1.

2.

4

1.
3.0 V

2.
1.5 V

1.5 V+1.5 V=3 V

5

1.5+1.5+1.5=4.5 V 1.5 V

7 0 V 1.5 V 3 V 4.5 V 6 V 7.5 V 9 V
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1 3 V

2
3
4

V

2.

6

30 mA

V

A

4.

5.

V

mA

1

1.50

50.0

2

3.00

101

3

4.50

151

4

5.9

201

5

7.50

249

300

250

200

150

100

10 2 3 4 5 6 7 8

50

V

mA

R= = =300 X
6V

0.02 A
V
I

10—fi X¥cm

10—¤ 10· X¥cm

10⁄ › 10¤ ¤ X¥cm
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n Ge Si 5 P
As

p 3 Al
In

p-n p n

p + n -

p - n +

1911 Heike Kamerlingh Onnes
1853 1926

0

Ge

Ge

Ge

Ge

Ge

Ge

Ge

As

Ge

Ge

Ge

Ge

Ge

Ge

Ge

Ge

Ge

Ge

Ge

Ge

Ge

Ge

In

Ge

Ge

Ge

Ge

Ge

Ge

Ge

pn

np

np

220 V

2. 2 3

3.

0

7

X 0.3 ¶ ¶ 0.2 0.2 0.1

8
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V=VÅ+Vı=1 V+2 V=3 V

R=RÅ+Rı=1 X+2 X=3 X

3

A

V

X

1

1

1

1

2

2

1

3

3

A B A+B

I=IÅ+Iı=1.0 A+0.5 A=1.5 A

= + =;3!;+;6!;=;6#;=;2!; R=2X

= +
112
Rı

112
RÅ

115
R

112
Rı

112
RÅ

115
R

9

A

V

X

1.0

3

3

0.5

3

6

1.5

3

2

A B A+B

30 X+60 X=90 X

= + =;3¡0;+;6¡0;=;6£0;=;2¡0;

R=20 X

113R™
113R¡

11R

1 X

;2!;

2 1A

3 8 X 2 X
4 A 1 A B 0.5 A C 0.5 A D 1 A E 1 A

3 V 3 X 1 A
3 V 6 X 0.5 A

3 V ;2#; X 2 A

A=D=E>B=C

4 2

;4!;

4

= = =
11111y11

x

2

A B

A B
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V

4.
5. -

+

6.

10

+ -
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2.

18.5 æ

11

0

18.5

0

1

19.2

0.7

2

20.0

1.5

3

20.6

2.1

4

21.4

2.9

5

22.0

3.5

6

22.8

4.3

7

23.5

5.0

6
5
4
3
2
1

0 1 2 3 4 5 6 7

C

2

1.

12

2.

1
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2.

1
26 28 æ

LED

1.

2.

3.

1

2 3

1

2

2
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1.
2.
3.

4. 1.2 X R= =;1!0@;=1.2 X

5. 0.1 A R=R¡+R™=20+40=60 X

5. 0.1 A I= = =0.1 A

6. 40 X
7.
8.

6V11
60X

V1
R

V1
I

1.

2.

VI

3 4

VI

2.
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3.

5.

1

2

1. Na±
Cl—

Na± Cl—

2.

+
-

K± NO£—

1.

5. 4
5 -

+

6. Cu¤ ± -
Cl— +

+
- Cl— -
+ Na±

3

NaCl

CuCl™

Na±

Cu¤ ±

Cl—

Cl—
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MnO¢— K±

KCl 1⁄ K±+Cl—, MgSO¢ 1⁄ Mg¤ ±+SO¢¤ —

KCl 1⁄ K±+Cl—
CuSO¢ 1⁄ Cu¤ ±+SO¢¤ —

Cl— Cl—

K±

K±

Cu™≠

Cu™≠

SO¢
™–

SO¢
™–

KCl CuSO¢

KNO£ 1⁄ K±+NO£—
MgCl™ 1⁄ Mg¤ ±+2Cl—

KOH 1⁄ K±+OH—

Na™SO¢

CaCl™

Na±

Ca¤ ±

SO¢¤ —

Cl—

1 1

K± Cl—

- +
+ -

+
-

-
+

1
2
3 CuSO¢ 1⁄ Cu¤ ±+SO¢¤ —

MgCl™ 1⁄ Mg¤ ±+2Cl—

4 Cl— +
K± -

(+) (-)
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-
+

Pb ¤ ± CrO¢¤ —
PbCrO¢

VI

AgNO£ NaCl
Ag±

Cl— AgCl

Na±
Na±

Cl—
Cl—Ag±Ag±

NO£—

Ag±Ag±

NO£—

NO£— Na±

Ag± Cl—

NO£—

Ag±Ag±

Ag±Ag±K±
K±NO£—

NO£—

NO£—

4.

Cl—
Ag±

Ag± Cl—
AgCl

Ca¤ ±

CO£¤ —
Ca¤ ± CO£¤ — CaCO£

4

AgNO£

Na™CO£

NaCl CaCl™ NaNO£ Ca NO£ ™

CoSO¢ KCl
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Co¤ ±+SO¢¤ —+2K±+2Cl—
CoCl™ K™SO¢

CoSO¢ K™CO£

Co¤ ±+SO¢¤ —+2K±+CO£¤ —
CoCO£ K™SO¢

K™SO¢
CoCO£

AgCl

MgCl™+2AgNO£ 1⁄ Mg(NO£)™+2AgCl∑

Ag± Cl— Ba¤ ± SO¢¤ —

Ca¤ ± CO£¤ — Pb¤ ±
I—

Pb¤ ±
Pb¤ ±

1.

BaCl™+2AgNO£ 1⁄ Ba(NO£)™+2AgCl∑
2.

CO£¤ —

5

3. A
C

4. B

5.

Cl— Ag±
CO£¤ —

CO£¤ — Cl—

2Ag±+CO£¤ — 1⁄ Ag™CO£∑
Ca¤ ±+CO£¤ — 1⁄ CaCO£∑
Ag±+Cl— 1⁄ AgCl

NO£—

Ag± Ag±
Cl—

1 AgCl PbI™

2 Ca¤ ±
CO£¤ — CaCO£

Na±
Cl—

Cl—Na±

CaCO£

DCBA
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1.
2.

3.

4.

5. NO£— Cl—
K± Cu¤ ±
Cl— Ag±
AgNO£

- NO£— Cl— +
+ K±

Cu¤ ± - Cl—
Ag±

CO£¤ —

SO¢¤ — BaSO¢

+
+ +

+
+

+
+

- -

-
-

-

-
-

Na±
Cl—

-
+

3
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VII

40

60

VII

80 %

40 % 80

OECD 2025 52 30
3

2050 ;3@;

1.
2.
3.

4.

1
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1970 80
1990

1920

1940

1960

1980

2000

17.5 æ 19 æ

16 æ

-2æ 30 æ
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4.

5.

1 m 50 % 100 m
99.9 % 100 m

3

2

æ
cm

20

0

2

4

6

8

10

21

21

21

21

21

21

33

31

30

27

24

21

30

30

29

26

23

21

25˘ 30˘

10˘ 20˘

200

0

100

90
N

60
S

30 300

cm

3.

4.

3

‰

+

5

0

0.1

25.6

23.2

27.1
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77.6 % 77.7 %
77.7 % 77.8 %

77.7 %
10.8 % 11.0 %

11.0 % 10.9 %
10.9 %

38.0 ‰ 32.0 ‰

4

g

29.5

26.9

31.1

24.9

%

77.6

77.7

77.7

77.8

g

4.1

3.8

4.4

3.5

%

10.8

11.0

11.0

10.9

35 > >

1
2

3 A B

1

VII

1

33‰

33 g_0.55=18.15 g

0˘ 30˘
60˘ 90˘

1947
101
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2.

3.

5

62.5 m 1 km¤ 12 km

2.3 km

2. 7 m 31 cm

2010 11 19 3

2
12 25

6 m 39 cm
12

7 m 48 cm
1 m 09 cm

6 m 39 cm

3.

6
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12 25

1
2

3 A B C
D

12

5 356 cm

4

3

VII

30 cm

60 %

3,800 m 71 %
61 % 80 %
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6,000 m

11,034 m

200 m

1.

44 m

1,500 m

7

( : m)

20
40

60

80
80

80
60

100

100

100500

100

100

1000

1000

1000
3000

3000

1000
2000

4000
3000

1000

2000

2000

2000

200

50040

20

4.
5.

8
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1
2

3

1. 2.

3. 4.

5.

6.

V
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VIII

VIII

4 3 2 1

2.

4.

1

2.

3.

2

A

B

C

6

3

1.5

cm¤

6

24

96

cm‹

1

8

64



58

XY XX
46

DNA
histone

46
22 22
2 X 1 X

1 Y
X Y

46
23

23 46

2. 1 1

3. 1 2 1 2
4

1 2

2 4

2
1 2

2

46
92

23

2n=47
21 3

IQ 60

2n=47 3
13 3



59

2n=45 X
X

2

2n=47
18 3

2n=47 +X
X

3

AA' BB'

AB AB' A'B
A'B'

VIII

1 4 B

4

2

50 %

E X I J



60

1

4

2

5

5 10

2

1 2
1 2 3n

6

+ +2

+2
n n 3n



61

1 A D A C

2

2 2n

1

2

37
34 35 2.3 kg

34 2.3 kg

VIII

7



62

5.
28 35

4 5
14

28 35

28

13

1

3

6

80 %

48 %

8



63

1 D A

2 A B D
6 7

1 2 2 3
2 3
1 2

5 6

1 AIDS

2

X X

Y Y

1. A B C D
A C
A D

2.
3. A B C

4.
23

5.

A B 1 A B

C D 2

266 199




