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1. 5%  

  
A  
B  
C  
D  
E  

  
 A D  

 
  
2. 5%  

1/50 s 1.6 cm 100 cm
4 cm g = 10 

m/s2  
A 10 m B 20 m C 30 m D 40 m E 50 m 

  
 B  

sm 20scm 2000)50/1()4/100(6.1 ==÷×=v
gtv = 2 

s m 2022 == gth  
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3. 4%  
Hz 275=f m/s 340=u

m/s 20=v
 

A 290 Hz 260 Hz  
B 300 Hz 270 Hz  
C 310 Hz 280 Hz  
D 320 Hz 290 Hz  
E 330 Hz 300 Hz  

  
 A  

Doppler effect

 
Hz 2.292)20340(340275)( =−×=−× vuuf
Hz 7.259)20340(340275)( =+×=+× vuuf  

  
4. 4%  

 
 A  

 

B  C  

 

D  

  
 C  

A B D
C

A B D  
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5. 4%  

 
A B C D E

  
 D  

 
  
6. 6%  

v r Hrv = H
Hubble constant ly(m/s)102 2−×=H

ly light year

 
A 9105.1 × B 9105.7 × C 10105.1 × D 10105.7 × E 11105.1 ×  

  
 C  

 

10
8

22 105.1
)s 86400365(m

yearm) 8640036510(3
102
1

m
sly
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×=
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⋅⋅⋅×
×

=
⋅

×
===

−−Hv
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7. 5%  

200 N
10 m 7:24

 
A 240 N B 280 N C 320 N D 360 N E 400 N

7 
24 

10 m 

 
  
 D  

T
WT =θsin2 N 357)2572(200)sin2( =×== θWT

  
8. 5%  

4 cm

25 N
Pa 101 5×  

A 0.1 B 0.2 C 0.3 D 0.4 E 0.5 
 

 

  
 B  

42dA π= 42PdPSN π==
NF μ=max  

2.0)1004.014.3()254()(4 522
maxmax =×××=== PdFNF πμ  

  
9. 5%  

f v 2kvf = k
10 kg 1000

m/s k  

A
( )2

1

sm
N10− B

( )2
2

sm
N10− C

( )2
3

sm
N10− D

( )2
4

sm
N10− E

( )2
5

sm
N10−

  
 D  

2kvmg =

( )2
422

sm
N1010001010 −=×== vmgk  
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10. 5%  

2kSvF = S v k 100
g 12 m/s

1000 kg
5 m/s2 400

 
A 360 m B 480 C 600 m D 720 m E 840 m 

  
 A  

2
111 vkSgm =

2
222 vkSgm = sm6012400100001

2

1

1

2
2 =×== v

S
S

m
mv  

asv 22
2 = m 36052602 22

2 =⋅=⋅= avs  
  
11. 6%  

80 mL 75
12 mg

3 mg/L  
A 30 s B 40 s C 50 s D 60 s E 70 s 

  
 B  

mL 60007580 =×=V L 4312 ==TV
s 40min 667.060004000 ===t  
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12. 6%  

50 g 20
cm

12a
12b
 

A 20 cm 
B 5 cm C 10 cm D 15 cm E 30 cm  

12a 
 

12b 
  
 C  

k 12a k’ = k/2
12b k’’ = 2k F = mg = k’(20) = k’’x x = 
5 cm  10 cm  

  
13. 4%  

A = 25 cm2

a = 0.25 cm2 h = 1.0 
m r = 2.0 g/cm3 h’ = 0.6 m P

P
P   

A 50 kPa B 60 kPa C 70 kPa D 80 kPa E 90 kPa 

 

v

P h' 

h 

A 

a
ρ 

 

  
 D  

P + ρgh = Po Po 100 KPa  

800001102000105
0 =××−=−= ghPP ρ  Pa 
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14. 4%  
27oC 87oC

 
A 1 m/s B 2 m/s C 3 m/s D 4 m/s E 5 m/s 

  
 D  

P ′
5
6

27273
87273

=
+
+

=
′

=
′

T
T

P
P

9600080000
5
6

5
6

=×==′ PP  Pa Bernoulli 2

2
1 vPghP o ρρ +=+′

22000
2
1100000110200096000 v××+=××+ v = 4 m/s  

   
15. 6%  

t = 0
h = 5 m

m = 0.01 g n = 1000 t = 5 sec
 

A 20 B 30 C 40 D 50  
E 60  

 

h 

 

  
 D  

 =  + t  

M = nmt ghv 2=

v
dt
dMnmtg

dt
dPMgW ⋅+=+= )( ghnmnmtg 2⋅+= = )2(

g
htnmg +

gf 50kgf 0.05N 5.0
10

52410101000)2( 5 ===⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ ×
+××=+= −

g
htnmgW  

t 4 5 m 1
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16. 6%  
ρ

1 2 2
1 U U

2ρ U h
v1 v2  

A ghv
15
2

1 = B ghv
15
3

1 = C ghv
15
4

1 =

D ghv
15
32

2 = E ghv
15
48

2 =  

  
A1 A2 

y1
y2

h 
ρ' 

ρ 

 

  
 A D  

2211 AvAv =
4
1

2
1

2
2

1

2

2

1 ===
r
r

A
A

v
v  

Bernoulli 2
2
21

2
1 2

1
2
1 PvPv +=+ ρρ )(

2
1 2

1
2
221 vvPP −=− ρ  

hgygPygP ρρρ 22211 ++=+ hghhgPP ρρ =−=− )2(21  

 ghv
15
2

1 = ghv
15
32

2 =  

  
17. 5%  

38 cm
19 cm

100 L
R = 8.32 J/mol K  

A 150 cm Hg B 160 cm Hg C 170 cm Hg 
D 180 cm Hg E 190 cm Hg 

38 cm

Hg  

  
 E  

Hg cm 761 =P 3
1 cm 38AV =  

3
2 cm 19AV =  

2211 VPVP = Hg cm1521938762112 =×== VVPP  
Hg cm190219152 =×+=P  
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18. 4%  
10 mol   

A 280 K B 300 K C 320 K D 340 K E 360 K 
  
 B  

nRTPV = T××=×× 32.8101.010
76

190 5 K 300=T

  
19. 6%  

0oC d toC D ？ 

A
Dt

Dd
3

− B
dt

Dd
3
− C

Dt
Dd − D

dt
Dd )(3 − E

tDd
d

)(
3
−

 

  
 A B  

0oC L x L x L m 3L
md =  

t oC 33 )1( tL
mD

α+
=  

tt
D
d αα 31)1( 3 +≈+=

Dt
Dd

3
−

≈α

d D B α  
  
20. 5%  

R r

v  

A
rR

v
+

B
rR

v
−

C
R
v D

r
v E

rR
v

2+

v 

 

  
 A  

ω ωRv −
r
Rv ω−

 ω ωω
=

−
r
Rv

rR
v
+

=ω

 


