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Physics Constants

The speed of light in vacuum
Gravitational acceleration rate
Universal Gravitational Constant
Radius of the Earth

Mass of the Earth

Mass of the Sun

Radius of the Mars

Mass of Mars

Angular speed of Earth’s Rotation

Volume of a sphere
Pi
Avogadro’s Number

Universal Gas Constant

Boltzmann Constant

Coulomb’s Law constant
Permittivity of free space
Elementary Charge
Electron mass

Proton mass

Neutron Mass

calorie

The constant of the Wien's Displacement Law

Planck’s Constant

The constant in the Compton Shift
Rydberg Constant

Atomic Mass Unit and Energy

a

=2.998 x108m/s
g=980m/s?

G =6.674x10-11 N - m2/kg?
Re = 6.371x106 m

Mg = 5972 x 1024 kg

Ms = 1.9884 x 1030 kg

Rm = 3.39x106 m

Mum = 6.43x 1023 kg

w = 7.292x 105 rad/s

: 3

V = -=ar
3

n =3.1416

Na=6.022 x 1023 mol1
R=8.314]/(mol - K)

k=1.381x10723 /K

k=8.988x 109N - m2/C?
£ 0=8.85x10-12 C2/(N * m?)
e=1.602x1019C

me = 9.109 x 10-31 kg
mp=1.673x10-27 kg

mn = 1.675 x 10-27 kg
1lcal=4.186]
5.88x1010g1 - K-1
h=6.626x1034]s
h/mec=243x1012m
R=1.097 x 107 m-1
1u=9315MeV/c2
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Atomic Mass Abundance (%)
Number Number Atomic ar Decay Mode' Half-Life
(Z) Element Symbol {A) Mass* (if radioactive) {if radioactive}
0 {Neutron} n 1 1.008665 B 10.6 min
1 Hydrogen H 1 1.007825 99.985
Deuterium D 2 2.014102 0.015
Tritium T 3 3.016049 B 1233 y
2 Helium He 3 3.016029 0.00014
4 4002603 =100
81 Thallium Tl 205 204.97441 70.5
210 209.990069 B 1.3 min
82 Lead Pb 204 203.973044 B, 148 14 % 107y
206 205.97446 241
207 206.97589 221
208 207.57664 52.3
210 209.98418 a B,y 223y
211 21098874 By 36.1 min
212 211.99188 B v 10.64 h
214 213.99980 By 26.8 min
83 Bismuth Bi 209 208.98039 100
211 210.98726 a, B,y 2.15 min
213 211.991272 a 60.55 min
84 Polonium Po 210 20998286 , y 138.38 d
212 211.988852 a 0.299 us
214 213.99519 @,y 164 ps
86 Radon Rn 222 222017574 &, B 3.8235 d
87 Francium Fr 223 223019734 w, By 21.8 min
88 Radium Ra 226 226.025406 @,y 1.60 % 10° ¥
228 228.031069 B 376y
89 Actinium Ac 227 227.027751 a B,y 21773 y
90 Thorium Th 228 228.02873 o, v 1.9131 v
231 231.036297 a, 3”7 2552h
232 232038054 100; o, y 141 x 1010y
234 234.043596 B 2410 d
91 Protactium Pa 234 234.045302 I:n 6.70h
92 Uranium u 232 232.03714 o,y 72y
233 233.039629 @,y 1.592 X 1()5}(
235 235.043925 072 o,y 7.038 x 107y
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(1) An airplane flies level to the ground toward the north pole. Is the induced
emf from wing tip to wing tip when the plane is at the equator greater than,
less than, or equal to the wing-tip-to-wing-tip emf when it is at the latitude of
New York?

At sgecln #e forlil <k ﬁ""d‘“"’[“/

A“’Lﬁeﬂ M'h“(" "f N Y, ﬂbmc?{i‘c‘a/ é?/zwafm«.j

/&WWJQ,

(2) The figure at the right shows the magnetic flux through a coil as a
function of time. At what times shown do the induced emf have the
greatest magnitude?

v-w| 2

(1) Answer
& (Wh)
4
2 /\
1(s}
oy 02 ¢3 04 0§ o
2
)
(2) Answer

e.ls , 038 , o, 85s

(3) Ametal ringis dropped into a localized region of constant magnetic
field, as indicated in the figure. The magnetic field is zero above and
below the region. For each of the three indicated locations (1, 2 and 3),
is the induced current clockwise (CW), counterclockwise (CCW), or zero
(2)?

(3) Answer

1: CW 21 Z 3z GC‘W
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(4) The maximum induced emf in a generator rotating at 210 rpm is 45V.
How fast must the rotor of the generator rotates if it is to generate a
maximum induced emf of 55 V?

(Equations)

Mechanical

Metal slip, 4 3
rings

\//)Mb'-? ""'NWAB ENABA’2/D:¢-—¢ - -
—> MAB = 0.2/3
/ &L $f
= = =2 —> 240
NMA B 2,273 £7
(4) Answer
240 rp rm
(5) Find the induced emf when the current in a 45.0-mH inductor
increases from 0 to 515 mA in 16.5 ms.
(Equations) —r
__E
_ | 4 I = L
V=L |+
ayf R
[+
-3 Cxpp
=48, 0xr0 X/- §/ i
r6. S xs0°3
".:'[.‘#OQ‘I‘ —s /.20 (V)
(5) Answer

5
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@
E

(6-a) An inductor has a reactance of 56.5 Q at 75.0 Hz. What is its
reactance at 60.0 Hz?
(Equations)

X=2r ¥/l

27t-‘f 2mx 75
X'=2m$’L

22/1{}(6&.0 x/z—-r—‘c‘;é-’é— = #8520 —> YL 2
X

(6-b) A 105- 1 F capacitor is connected to an AC generator with an rms

voltage of 20.0 V and a frequency of 100.0 Hz. What is the rms current
in this circuit?
(Equations) 6, w =
T-_V [
X —t
2 fao

= 20,02 x {00 X ZQfX/D.—(

= /320 —/ 32(CA)

(6-a) Answer

L2 2 -
(€74)

(6-b) Answer

/32 A
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(7-a) How fast does a 125-m spaceship move relative to an observer who Y 3 b )
measures the ship’s length to be 65.0 m? Express your answer as a fraction "‘é— R b A
g &

of the speed of light, c.
(Equations)

L=ted] 1= (2) 5
£ \[i "(Lt)L
= ¢ 4 - (49

=9, ff¢2c —> 4fS4%c

.--—-97)

(7-b) An apple falls from a tree, landing on the ground 3.7 m below. How
long is the apple in the air, as measured by an observer moving toward Earth

with a speed of 0.89¢?
(Equations)

g :-fz-!- ? AZ(‘L
AL, = ' 24 5 (.?ij
J 9.5c

=086 )

41 2L
_ 0.887
| = (2, 87)
(7-a) Answer
| | 0,554 ¢
= . y o é’ —— /‘ 7 [S) (7-b) Answer
/07 ¥
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(8,9) An elementary particle called a pi meson (or pien for short) has an
average lifetime of 2.6 x 108 s when at rest. If a pion moves with a speed of
0.99c relative to Earth, answer the following questions.

(8) Find the average lifetime of the pion as measured by an observer on

Earth.

(9) Find the average distance traveled by the pion as measured by the same

observer.
(Equations)

(59) AL =

(9)

Ale

Vi-(=)

2.6 xr0 9

V 1=0.29%

W

O %11

A = 1 at

= 0.9 x .:?,.OOX/O&X LPE3 xs0

= F% 7

=3 § L

2.b6xrs07?
—_—

= /P g3 x/Jm P

>/ 8 x00° (s)

(em)

8
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(8) Answer

/B0

7

3

(9) Answer

K
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(10) A nuclear power plant produces an average of 1.0 x 103 MW of power
a year of operation. Find the corresponding change in mass of reactor fuel,
assuming all of the energy released by the fuel can be converted directly to
electrical energy. (In a practical reactor, only a relatively small fraction of
the energy can be converted to electricity)

(Equations)

A€ =00 xs0 xr0° I/

2
8 € = e

A€

z

e

A N =

[0 x/0?
(3.00 xs0% )"

|

- &
= o, (!l >/0

9
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(10) Answer

/ol MG/

C3.5%07%3/s)
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(11,12) The work function of a particular metal is 2.00 eV. The metal is

illuminated with light of 550 nm. electron

(11) Find the maximum energy (eV) of the emitted electrons. o

(12) Find the maximum speed of the electrons. ‘ _\

(Equations) y T
metal =

cn) K ""'-’E — Wo

Ff 51 —Wo

ids
- El v _w, - ﬂ;" - W
- _ES W,
£ A\
iy &
- b,b2bx/0” x2.9P8 X sp
- = 250 0

/602 ser0”’? x csox r077

————

= 22048 — 2,00

= 0,2545 (eV) — 025V

/2 s
) K=025¢l eV = 0.25¢5x s 662xs0  (T)

= (11) Answer )
v-] 2K 0,285 <V (297
— ’J . 2y 2,285 ¢ X/, dﬂZ—X/é?M/y (12) Answer g / )
Q. 10p x s0° 21 Z, B 2 erE ’“A (23%)

= \[TS”,?S"LX/O-ZH/ -t
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(13,14) The figure shows the spectral lines in the spectrum of hydrogen piiney — P
atom. 1

(13) Calculate the longest wavelength (nm) of the Paschen series

(14) Calculate the ionization energy (eV) of hydrogen when it is in the

ground-state, using the formula including the Rydberg constant.

(Equations)

Ultraviolet  Visible Infrared
light

(/3)

._._f_r_ﬁ | /
)\ (nr2 na.)
5 f /
= /09 X%/0 ( 3:—*— 4;2,)

}\ = S 7L /0\7144 —> /PSS mm

{
cre) L o (ﬂ_‘_ _ ,___)
A ni?— M{—a

R (—'—‘; —~0 ) =4.097x,0

’

!

o 27  _HeE

€ 2N
7 /0%
v 4 626510 " x 2. 9PX

. 7
L OT)>/ O

]

-7
[ bO2370

D 263417 IR (13) Answer
= [3.403 X/ /P75 mom (21 %)

N

(14) Answer

/3. 60 <l sz
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(15,16) The figure shows the first four Bohr orbits of hydrogen atom.
Based on the Bohr's model, the radius of the smallest (n = 1) is calculated as
529x 1011 m,

(15) Find the radius of the n = 4 orbit.

(16) Find the de Broglie wavelength of an electron in the n = 4 state of the
hydrogen atom.

(Equations)

2

(/$) ro, = n?h
alld) -/ . ~ /0
4’ x §£29x/0  =P4 LSO x/0 —> P.ebx/0

~7 O
Try = 27C x84 6%0x70

Z
/\ - d -)—7\ -~
¥ 73 = T N (P#. JQL OX/O (15) Answer

¢ I"‘-/a N &
, 53,(/_5)(/0 ma (377
=
= J33x/ O
- (16) Answer P .
— /33 xr0 () /.33 xsp 7 oy |(28%)
(17,18) Complete the following nuclear-decay equations:
(17-a) Answer
23«
(17-a) ZggU - % TE + ‘Zl’He Complete the equation ( 'Cf )‘/)
(17-b) Answer M.
o
(17-b) ‘{gK N ggca s - e Complete the equation
(18-c) Answer
aso U B+ S (n) + %y
Complete the equation
AT -47 S (18-d) Answer
(18-d) 06T =2 e 4 ¥ (S8 %
Complete the equation "/:,’ )
22 s 29 (18-e) Answer
(18-e) y 4 /— - _ge + jglie
Complete the equation
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(19) The nucleus *32Po is observed to decay by emitting an « particle. HiPo

(19-a) Write out the decay process. &}
(19-b]. Determine the energy released in the reaction. .y + a
(Equations)

r = 277, )’chPJ’J‘z
my =207 97669 + ¢ 002603

=27 PP YIRS

(19-a) Answer

E =(ms-myg) c*
o 212 208 &

x’?j/. SMeV P Po_} P2 Pb-*,,Hi{,

i L -

{ (27‘/-_,)

= 39508 (MeV) (19-b) Answer
F.2¢C Me i/

"

p 009607 u

— §. 75 MeV

(20) A radioactive sample is placed in a closed container. Three days
later only one-quarter of the sample is still radioactive. What is the half-
life of this sample?

(Equations)

W At

(20) Answer

& G(’ayg (#04)

You have one more question.
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(21) Did you study 12t grade physics seriously and enjoy it?

I am very happy to meet you! Tohei

(21) Answer
Circle your answer.

Yes No Neutral

Please tell me which department and course you enter when it is decided officially.

Opinions

Your name:
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