Experiment A1 1

¢t=01 (Official)

Asian Physics Olympiad

o] H o] ehyg
THE A. P29 HY

Al. 0.6 pt

Reg
/@qo
Laser a

(-20 mm, 20 mm), 22.3

(10 mm, 10 mm), 44.2

(0 mm, 0 mm)
A2, 0.8 pt
INFds A= d INFds A= d NFds A d
(s) (m) (s) (m) (s) (m)
3 —6.415 x 1074 48 1.198 x 1074 93 6.85 x 1015
6 5.261 x 1074 51 —4.46 x 107° 96 7.36 x 10T°
9 4.843 x 1074 54 1.488 x 1074 99 8.73 x 1075
12 3.349 x 1074 57 —7.70 x 107° 102 7.93 x 10T°
15 —5.386 x 10~* 60 8.75 x 1075 105 6.39 x 107°
18 7.91x 107° 63 1.604 x 1074 108 3.22 x 107°
21 —2.762 x 10~* 66 -1.93 x 107° 111 6.05 x 107°
24 1.398 x 1074 69 1.159 x 1074 114 3.20 x 107
27 —2.039 x 10~* 72 7.10 x 107° 117 4.71 x 1075
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TTTTRTTET

A1-2

¢t=01 (Official)

30 —4.42 x 107° 75 3.6 x 107 120 8.26 x 1075
33 —1.988 x 10~* 78 —1.79 x 107°
36 —2.77 x 107° 81 9.21 x 107°
39 1.195 x 10~ 84 6.00 x 107°
42 1.960 x 104 87 1.361 x 104
45 2.192 x 1074 90 5.72 x 107°
A3. 1.0 pt
d (m) d (m) d—d(m) BEEHA
6.85 x 1075 5.5 x 1076
7.36 x 107° 1.09 x 107°
8.73 x 10~° 2.46 x 107°
7.93 x 1075 1.66 x 107°
6.39 x 10°° 1.2x 107
6.267 x 107° 1.88 x 107°
3.22 x 107° —3.05 x 107°
6.05 x 10~° —22x107"
3.20 x 10°° -3.07x 107°
4.71 x 1075 —1.56 x 107°
8.26 x 10~° 1.99 x 107°
=7 7|5k (B HAket )
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A1-3

¢t=01 (Official)

o}E B. 2T Ho| WY

I JEY R

B1. ©¥9HX|.

1.0 pt

F(N)

d (m)

—1.82 x107°

—1.09 x 1075

—6.69 x 107°

1.72 x 107

9.5 x 1079

—1.386 x 1075

F(N)

d—dy = Ad (m)

Ad (m)

1.9136 x 1074

2.0016 x 10~*

2.00 x 107?

1.9766 x 1074

2.0096 x 10~

2.1216 x 1074

2.0046 x 10~

4.2336 x 1074

4.1536 x 10~%

4.00 x 107°

4.3526 x 10~*

4.0346 x 107¢

4.2346 x 10~*

4.2018 x 10~*

6.4136 x 10~¢

6.4646 x 10~*

6.00 x 107?

6.4256 x 10~*

6.2186 x 10~*

N nooan .. an—4

6.3112 x 10~*
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TTTTRTTET

A1-4

¢t=01 (Official)

1.01216 x 1073

1.00076 x 1073

1.000 x 1078 1.00336 x 1073 1.00106 x 1073
9.7846 x 10~*
1.01076 x 1073
B2. 1.0 pt
F(N) 8 (m) Ad (m)
2.00 x 10~? 1.022 x 107 2.0046 x 10~*
4.00 x 107° 2.044 x 1077 4.2018 x 10~*
6.00 x 107? 3.066 x 10~7 6.3112 x 10~*
8.00 x 10~* 4.088 x 1077 7.7770 x 1074
1.000 x 1078 5.109 x 10~7 1.00106 x 1073
5.00x10’4| ™ B
Data1B
4.00x10” 4
’é‘ 3.00x107 4
2.00x107 4
1.00x107
0.00 2.00;10“ 4.00Ix10“ 6.00;10" 8.00;10" 1.00Ix10'3
Ad (m)
B3. 0.4 pt

C; =5.196 x 1074
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A1-5

¢t=01 (Official)

TE C. 0153 oHr

CI.

1.0 pt

T (K)

d (m)

—2.28 x 107°

—7.24%x107°

300

—1.61 x 107°

—2.84x 1075

—2.1x 1078

—2.836 x 1078

T(K)

d — do = Ad (m)

Ad (m)

2.8506 x 10™*

2.7186 x 1074

301

2.7466 x 10™*

2.7436 x 10~¢

2.9046 x 10™*

2.7928 x 10~

4.1276 x 10~¢

4.1336 x 1074

301.5

4.6276 x 10~*

4.3956 x 10~*

3.9996 x 104

4.2568 x 107*

5.4146 x 1074

5.4676 x 1074

302

5.3386 x 1074

5.6706 x 10~*

5.2016 x 10~*

5.4186 x 10~

6.9866 x 10~*
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TTTTRTTET

A1-6

¢t=01 (Official)

7.7046 x 1074
7.9706 x 1074
8.1346 x 10~¢
8.2926 x 10~*
C2. 1.0 pt
T (K) Ad (m) d (m)
301 2.7928 x 1074 1.451 x 1077
301.5 4.2568 x 1074 2.212 x 1077
302 5.4186 x 10~% 2.816 x 10~7
302.5 6.7330 x 10~* 3.499 x 1077
303 7.9410 x 10~¢ 4.127 x 1077
71&7|: 1.337 x 1077
4.50x10” T T
4.00x107 4 DatalB 4
3.50x107 E
3.00x107 4 E
’E\ -7
;’ 2.50x10" 4
2.00x107 4 E
1.50x10” E
1.00x10” T T
301.5 302.0
T (K)
C3. 0.6 pt

4.98 x 10'° N/m?(Pa)
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0.6 pt
d (m) d = dy (m)
3.4x 1076
—1.15x 1075
INE=XI) —1.61 x 107° —7.2x 1076
2.09 x 1075
—3.25 x 107°
d —dy = Ad (m) Ad (m)
—8.2414 x 1074
—8.2884 x 1074
1= 4 o amna . 1n—4 oarra .. 1n—4
D2. ¥ ¥ 9o}t 1| 5-5(CR)Y &4 &0 CH3-2t 20| LYERACHD St} 0.6 pt
5 = ¢, Goverage Ratio 1y o050 gl HlojEZ IO 2 0, 2 o ULHALL. AG

__ EI'
o] § 2+ Ad AtO|9] FAIE & 4= SILt.

—7.89 x 1072
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D3. 0.8 pt

d —dy = Ad (m) Ad (m)

—6.1734 x 1074

—6.0434 x 1074

ANE2 —6.0054 x 1074 —6.0866 x 10~*

—5.9884 x 1074

—6.2224 x 1074

d —dy = Ad (m) Ad (m)

—2.4924 x 10~*

—2.6224 x 1074

A& 3 —2.4764 x 10~* —2.4588 x 10~*

—2.4854 x 1074

—2.2174 x 10~*

D4. 0.6 pt
NE2: 0.738%

ANE 3 0.298%
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Q2 Zee wHo = AlRe| 271X B

ThE A, 93t N2o) B
Al 0.5 pt
(Xsamplea Ysample) = (3700, -2900)

A2 0.5 pt

Kb, BE -2, 0152 -1, 052 1,052 2,053
(x ¥ (-0.98, 0) (-0.38, 0) (0.34, 0) (0.98, 0)
S(cm) 0.98 0.38 0.34 0.98
AS (cm) 0.65
IE B. A|& 3LX A7|9] &
B.1 0.5 pt
m X A

d =

sin (tan‘1 (

S

L

)
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Solution

A2

English
B.2 1.5 pt
L= 60cm
A= 488 nm
Data 1 2 3 4 5
(x ¥ (-4.04, 4.68) | (3.00,5.50) | (4.08, -4.60) | (5.76, 0.48) 8552)8
S(cm) 6.18 6.26 6.15 5.78 5.71
S (cm) 6.02 +£0.11

tan1 (%) 0.0999 + 0.0019

A= 514nm_

Data 1 2 3 4 5
(x ¥ (3.32,5.64) (6.16,0.48) (4.46,-4.90) | (-3.12,-5.64) ((-6,-0.64
S(cm) 6.54 6.18 6.63 6.45 6.03

S (cm) 6.37 +0.11

tan (%) 0.1057 <+ 0.0019

A= 632.8nm
Data 1 2 3 4 5
(x ¥ (4.04,7.00) (7.44,0.68) (5.24,-5.96) | (-3.96,-7.04) ((-7.44.-0,
S(cm) 8.08 7.47 7.94 8.08 7.47
S (cm) 7.81 4+ 0.14
tan~? (£) 0.1294 + 0.0023
A= 6943 nm
Data 1 2 3 4 5
(x ¥ (-5.84,6.50) (8.20,0.76) | (-4.28,-7.72) | (5.96,-6.60) |(4.48,7.7
S(cm) 8.74 8.24 8.83 8.89 8.93
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Solution
English
S (cm) 8.73 +0.13
tant (£) 0.1444 + 0.0021
B.3 1.0 pt
@ = 5.627 um

A (nm) d(um) a(pum)
488 4.89 5.65
514 4.87 5.63

632.8 4.90 5.66

a (um) 5.627 + 0.020




Experiment

Solution
English
TE C. Mg FZ 3719 g+
C.1 0.8 pt
A= 488 nm
L=90 cm, % 1
Xt B2 4, 2 5, %2 6, 912 7,98
(X ) (3.01,1.46) | (3.67,1.91) | (4.30,2.24) | (5.00,2.50)
S(cm) 3.35 4.14 4.85 5.59
tan1 (£) 0.0372 0.0459 0.0538 0.0620
L=90 cm, = 2
K, R 4,48 5, #12 6, 48 7,48
X ) (-1.64,3.46) | (-2.07,4.19) | (-2.41,4.95) | (-2.87,5.73)
S(cm) 3.83 4.67 5.51 6.41
tan~! (£) 0.0425 0.0519 0.0611 0.0711
A= 514 nm
=90 cm, = 1
Kb, B 4,4g 5, #12 = 7,48
x (3.08,1.56) | (3.76,1.92) | (4.44,2.28) | (5.20,2.60)
S(cm) 3.45 4.22 4.99 5.81
tan~! (%) 0.0383 0.0469 0.0554 0.0645
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Solution
English
[=90 cm, % 2
Xt F= 4,3 5 HS 6, 9IS 7,813
x 9 (-1.76,3.68) | (-2.26,4.38) | (-2.58,5.34) | (-3.22,6.04)
S(cm) 4.09 4.92 5.93 6.84
tan~! (%) 0.0454 0.0547 0.0658 0.0759
A= 632.8nm
[=90 cm, & 1
Xt = 4,3 5 H& 6, 13 7,818
x 9 (3.84,1.96) | (4.68,2.44) | (5.48,288) | (6.44,3.32)
S(cm) 4.31 5.28 6.19 7.25
tan~! (£) 0.0479 0.0586 0.0687 0.0803
[=90 cm, % 2
Kt e 4,48 5, g 6, 53 7,948
x 9 (-2.28,4.56) | (-2.84,5.48) | (-3.36,6.52) | (-3.84,7.52)
S(cm) 5.10 6.17 7.33 8.44
tan~! (£) 0.0566 0.0685 0.0813 0.0935
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Solution
English
A= 694.3 nm
[=90 cm, & 1
Xt B5 4, "3 5 %2 = 7,913
x (4.24,2.12) | (5.08,2.80) | (6.04,3.20) | (7.04,3.68)
S(cm) 4.74 5.80 6.84 7.96
tan~! (£) 0.0526 0.0644 0.0758 0.0882
[=90cm, &£ 2
Xt B5 4, "3 5, %2 = 7, 913
x (-2.48,5.00) | (-3.08,6.04) | (-3.60,7.16) | (-4.16,8.28)
S(cm) 5.58 6.78 8.01 9.27
tan~! (£) 0.0619 0.0752 0.0888 0.103
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Solution
English
C.2 0.7 pt
A (nm) AS; (cm) £ (um) AS,, (cm) w (m)
0.748 58.7 0.860 51.1
488
0.750 58.5 0.842 52.1
0.787 58.8 0.920 50.3
514
0.794 58.3 0.891 51.9
0.978 58.2 1.12 51.1
632.8
0.960 59.3 1.1 51.4
1.07 58.2 1.23 50.9
694.3
1.07 58.2 1.22 51.4
£ = 58.59 um
w = 50.78 um
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English

C3 ¢=27°

rE

A= 488 nm ) ¢= 27.6°

2.8

y = 0.5218x - 0.0569
R? = 0.9816

2.6

2.4

2.2

1.8

1.6

14

1.2

3.5

=

A= 514nm =128 o

514 nm

26.2°

2.7

y =0.4935x + 0.0566

2.5 R?=0.9969

2.3

2.1

3 3.5

4.5

Axis 1 (long)__¢ =

4.44, 2.

4.5 5

26.2°

1.0 pt

5.5

5.2,2.6

5.5
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2.7

2.5

2.3

A= 694.3 nm

A=

=

3 3.5

1

694.3 nm

H) ¢

4
3.8
3.6
34
3.2

> 3

2.8

4 4.5

A= 6328nm =14 ¢= 277

= 284

Axis 1 (long)

5.2,2.6

y = 0.4935x + 0.0566
R? = 0.9969

4.5 5

7.04,3.68

y =0.5398x - 0.0726
R?=0.9781

$=_284

5.5

7.5
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Solution
English
IED.NE FZ 37| &7
D.1 1.9 pt
20|M I A= 914 nm
OM 2 E S Mo SN EH (x, )71 H
(1.98, 0.40) (2.36, 1.62) (2.64, 1.68) (3.02, 1.68)
(1.96, 0.82) (2.32, 1.22) (2.70, 1.28) (3.02, 1.30)
(1.98, 1.24) (2.32, 0.84) (2.66, 0.84) (3.04, 1.66)
(1.98, 1.66) (2.36, 0.42) (2.62, 0.40) (2.98, 0.50)
OM 2 E S M| B ZE (x, ) B2 H
(-2.06, 3.48) (-1.72, 3.48) (-1.38, 3.46) (-1.06, 3.46)
(-2.08, 3.08) (-1.74, 3.08) (-1.40, 3.14) (-1.00, 3.12)
(-2.08, 2.64) (-1.74, 2.65) (-1.38, 2.62) (-1.02, 2.62)
(-2.06, 2.16) (-1.68, 2.22) (-1.36, 2.22) (-1.02, 2.14)

O|%t H Atol2] HE| AS,, AS, £ AILBIAIR

AS, (cm) AS,y (cm)
ZIH 0.346 0.410
neH 0.348 0.428
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English

D.1.

N
rE

B
ro
rE

1.9 1.98, 2.64, 3.02,
1.66 2.36, 1.68 1.68
15 = 162 "o B
©
1.5
198, 232, 2.7,1.28.02,1.3
1.24 1.22 ’
13 1 © ©
© ©)
> 1.1 1.96, 2.32' 2_65’ 3.04,
0.82 0.84 0.84 0.86
0.9
® © © ©
0.7
2.36, 2.98, 0.5
05 198,04 042262 04 @
©) © o
0.3
1.8 2.3 2.8 3.3
X
short
-2.06, -1.72, -1.38, -1.06,3¢
388 348 346 346
- 3.4
-2.08, -1.74, 31‘1‘2
3.08  3.08 5 -1,3.12
© © ©
3
. -2.08 -1.74, 133, -1.02,
2.64 2.65 2.62 2.62°
© © © @ 26
-1.68, -1.36,
- 2.4
206, 222 222 10%
2.16 © © 2.14
@ @ 2-2
2
-2.3 -1.8 -1.3 -0.8
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English
20X IFE A= 1152 nm
OM 2 S Mo SN EH (X, 7 H
(2.16, 0.56) (2.60, 0.56) (3.04, 0.56) (3.48, 0.56)
(2.12, 1.16) (2.58, 1.16) (3.06, 1.14) (3.48, 1.12)
(2.12, 1.64) (2.60, 1.66) (3.04, 1.68) (3.48, 1.66)
(2.14, 2.26) (2.62, 2.22) (3.08, 2.18) (3.48, 2.24)
OM 23 S Mo M ZE (x, ) B2 ¥
(-3.44, 4.44) (-2.68, 4.42) (-2.20, 4.42) (-1.78, 4.42)
(-3.10, 3.86) (-2.70, 3.88) (-2.24, 3.84) (-1.82, 3.88)
(-3.20, 3.38) (-2.74, 3.38) (-2.22, 3.34) (-1.76, 3.34)
(-3.14, 2.78) (-2.68, 2.78) (-2.22, 2.78) (-1.76, 2.76)
AS; (cm) ASy (cm)
! 0.448 0.555
n2H 0.452 0.550
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Solution
English

21
25 2,14, 2.62, 3.08 348
2.26 2.22 2.24
23 %5 2.18 =
2.1
19 2.12, 3.04, 3.48,
1.64 2.6,1.66 1.68 1.66
1.7 @ @ @
715 212, 2.58, 3.06,  3.48,
1.3 1.16 1.16 1.14 1.14
1 © © ©
09 316, 3.04, 3.48,
0.7 056 2.6,0.56 0.56 0.56
0.5 @ @ @
2 2.5 3 3.5
X
e ¢
5
3.1,  -2.68, 2.2, -1.78,
4.44 4.42 4.42 442
© © © © -
-3.1, 2.7, 224, -1.82,
3.86 3.88 3.84 3.88 ,
© © © ©
> -3.2, -2.74, -2.22, -1.76,
3.38 3.38 3.34 3.3435
© © © ©
-3.14, -2.68, -2.22, -1.76,
2.78 2.78 2.78 2.76 °
© © © ©
2.5
-3.3 -2.8 -2.3 -1.8
X
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Solution
English
2[0|X & A= 1444 nm
O|M| S| Yre Ho| B FHE (x,y) 21 ¥
(3.34, 0.02) (3.86, 0.02) (4.42, 0.02) (4.94, 0.04)
(3.34, 0.70) (3.84, 0.72) (4.42, 0.70) (4.94, 0.74)
(3.36, 1.42) (3.86, 1.42) (4.44, 1.40) (5.00, 1.46)
(3.34, 2.08) (3.86, 2.08) (4.48, 2.08) (5.00, 2.10)
O|M| S| e Ho| B HE (x, y) Be W
(-3.86, 4.16) (-3.32, 4.18) (-2.74, 4.18) (-2.14, 4.16)
(-3.84, 3.48) (-3.28, 3.48) (-2.72, 3.48) (-2.12, 3.48)
(-3.80, 2.78) (-3.26, 2.78) (-2.72, 2.78) (-2.12, 2.80)
(-3.78, 2.02) (-3.26, 2.06) (-2.70, 2.06) (-2.00, 1.98)
0|23t ® Ato|e] Ha| AS,, AS, A4t 0.5 pt
AS; (cm) AS,y (cm)
7l H 0.542 0.687
He 0.575 0.713
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Solution

English

21
2> 334, 3.86, 4.48,
2.08 2.08 2.08 5,21
, © © © ©
3.36, 3.86,
e 1.42 142 4.44,1.4 > 146
' © © ©
.
3.84, 4.94,
1
3.34,0.7 0.72 4.42,0.7 0.74
) © © ©
0.5
3.34, 3.86, 4.42, 4.94,
0.02 0.02 0.02 0.04
0 © © © ©
3 3.5 4 4.5 5 5.5
X
e
-3.86, -3.32, -2.74, -2.14,3
4@6 498 498 4@6
-3.84, -3.28, -2.72, 212, ¢
3.48 3.48 3.48 3.48
© © © ©
3.3
-3.8, -3.26, -2.72, -2.12,
2.78 2.78 2.78 2.8
© © © © 238
-3.78, -3.26, -2.7, .
2.02 2.06 2.06 2, 1..98
© © © ©

1.8
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Solution

English

D.2 0.6 pt

d; =249.3 um d, = 198.2 um

A (nm) = dg (M) dy (um)

= 251 211

914
ne = 250 203
2l = 244 197

1152
ne = 242 199
2= 253 199

1444
2= 239 192




Experiment A: Z
Solution

4 \i English
75~ A
IE g ANE X 7|9 &7

E.l. 1.0 pt

(a; 'el w, dxp dyt ¢) =

o OO

(5.627 um, 58.59 um, 50.78 um, 249.3 um, 198.2 um, 27 degree)




	풀이 1 – 외팔보의 탄성
	풀이 2 – 광학적 방법으로 시료의 공간 구조 탐구하기

