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Gravitational acceleration rate

Atmospheric Pressure
Avogadro’s Number
Universal Gas Constant
Boltzmann Constant

Elementary Charge

Electron Mass

Proton Mass

Coulomb’s Law Constant
Permittivity of Free Space
Universal Gravitational Constant
Avogadro’s Number

Magnetic Permeability of Free Space

g=9.80 m/s?

1.00 atm = 1.013 x 10% Pa

Na =6.022 x 1023 molecule / mol
R =8.31 J/mol - K)

k=1.38x 10723 J/JK

e=160x1018C
me = 9.11 x 10-31 kg
mp = 1.673 x 10-27 kg
k=899 x 109 N » m%(C?

£ 0=8.85x 1012 C¥(N - m2)
G=6.67x 101 N - m¥kg?
Na=6.022 x 1023 mo]'!
no=47 x107T - m/A
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(1) An ideal gas is taken through the three processes shown in the
figure at the right. Fid the missing entries in the following table. |

Q W AU
A>B (1-a) (1-b) -38J
B>C (1-¢) -89 J "82.J £
C>A 332J (1-a) (1-e)

(Equations)

Coslond V — W =02

(2, %)
AU:Q-W":Q :—"-3P(JD

(c) 40 =Q-W — Q@=4UtW

(d:€) & Upg +aUgcraUeca=0

= —F2 +(~¢f’?) =

-12/

A UcA = P(AU4(3+AUBc)= 3§td2 =120

Ww = @“'AU

= 332-/20=2/2

(1-a) Answer

=3 f J

(1-b) Answer

(1-c) Answer

(2) A typical dorm room or bedroom contains about 2500 moles of air.
Find the change in the internal energy of this much air when it it';s
cooled from 23.9°C to 11.6°C # constant pressure of 1.00 atm.
(Equations) it a

m =2500 mebea

‘Dcfe"}'u el

g) r £ . -
Lv='§-!?—2‘§*3-3f 20,7&
al) = m C 4T

2500 x20.28 x (116 —23.9)

i

= G (J)

b6.393x 70 °
— —4.3%xs0° J

2
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(1-d) Answer
2/(2 \_T

(1-e) Answer
) Answe 2.0 &

(2) Answer

~4.39x70% T
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(3) A nuclear power plant has a reactor that produces heat at the

rate of 838 MW. This heat is used to produce 253 MW of g /—1
mechanical power to drive an electrical generator. — L ,i R
(3-a) How much heat is discarded to the environment by this power ("J = . i ‘
plant? H | z=z% r:‘g‘«-g EE‘.‘.’.::I
(2'b) What is the thermal efficiency of the plant? Nl hamy
(Equations) ¢

e =838 Mw

(@) Q, =Qe- W =2F38-263= &L (Mw) |
2 W=2¢83Muw

J/ Qv
(%) e 7% 253 5 —
= = = o0.300) 50 302
Qe F3&
(3-a) Answer
o M
(3-b) Answer (%7 )
" <
(4,5) A small object carrying a charge of - 55.0 1 C experiences a 00, 2 A
downward force of 6.20 x 10°? N when placed at a certain point in a
electric field.
(4} What are the magnitude and direction of the electric field at
this point?
(5)What would be the magnitude and direction of the force acting
on a copper nucleus (atomic number=29, atomic weight=63.5 g/mol)
placed at the same point in the electric field?
(Equations)
My F (5.20){(0“? -3
= = = — = o./27xr0
1 &1 SExr0
4
- f /3 X/D
-~ ;J
(fé-;_z?xe =2@Px/ b0Xx/O ((’)
(4) Answer
= ~ % : 2% %
= QE [ 13 xr0 NSo L&
. oo

~f9 : ~
= 29/ 40 X/0 xl /27 x /0

-22 (5) Answer

~23 p
= 29 X107 = §,227x/0 -22 136555
227 $23x70 N vpwaced| (27

—

-z
—a 8,23 x/0
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(6) A very long, straight wire has charge per unit length 1.50 x 10" 10
C/m. At what distance from the wire is the electric field magnitude

equal to 2.50 N/C?
L

(Equations)
P x’_j’l‘
- 2 eucd ., r l ) J )
—

?aM#&J %"—'EA *"“—'—:E—c—-u—-— e e ;—7

Bonl = 150x00" (Ch)x L
A = 2Tr L

- SO
}_/__ 180 x10 K
SO 2,850 x zrV L= WYV
. /1§00’ "
" e 2 x 2,80 x $885 xs0
= 0.0/079x 0 = 1077
— A ¥ (r"’h) (6) Answer ' |
/.061 ] (&)

(7} The conductor shown in cross section in the figure at the right
carries a total charge of +3 nC. The charge within the cavity, insulated
from the conductor, is — 5 nC. Hw much charge is on each surface
(inner and outer) of the conductor?

(Equations) Conductor
( Jh.n‘e_l‘ ) . Wi

(v E=0)
Z‘M“-Gg. = n—‘g\nc + QA\HWL = 0

@,L‘nn-ev = +5nm C

(Outed)
Qfar"y‘,( = +3n C) = @Mt&_f @}-\YLHEY'
(7) Answer
@z,m&.., = +3nC - .@.4‘;._44{!4 _— & n Cf t9 /)
:+3HC*$‘MC outer __rz‘.,’C
S R

4 3/22/12018 By Tohei Moritani
Keio Academy of New York



12thPhysics 3rdQ Exam 2017-18

(8) A point charge q1 = + 2.40 u C is held stationary at the origin. A

second point charge qz= - 4.30 z C moves from the x = 0.150 m, ¥ = 0 to
the point x =0.250 m, y = 0.250 m. How much work is done by the
electric force on q2? D28 be oz ——4’
(Equations) ;
{
|
I
U"‘ E 3: 21 _ f’:’ 2. %0 x'("‘/,)‘c‘) D—/:. ;
= e = ————— T
r o,/3 o 24 |
q&} O a X
! a, ag,2587
Vo g B8 s 2e0x{-g30) 6 o
i = — = fk -~ x /0
I 0,280 V1
it i ! )
s B _— - —
A0 =U"-U = R+ 2.¢0x(-¢ 30)=/0 (d‘m,ﬁ WAL

(7;_—9,9?;‘-/0})
92,777 x /62 x (-3,8382)

= 386, 10%x /08 =

—

W= —al) = —0.384 T

5
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(8) Answer

- & Jtb J
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(9) A total electric charge of 3.50 nC is distributed uniformly over the + g™ i
surface of a metal sohere with a radius of 24.0 cm. Assuming that the :2) .
potential is zero at a point at infinity, find the value of the potential at the ! ]
following distances from the center of the sphere: .';ik,:'- U
(9-a) 48.0 cm e
(9b) 24.0 em
(9-c) 12.0 cm
(Equations)

(a) v=p-Lt

~ P
5 2. 5o x/0
= g pixs0’ x e 2, B8 =gt (W)

7y 3.4 X/Ob?

() \J=8.p9x/0 XW: 13/ 7 — r3 7 (v)

(9-2) Answer

£ 6V
(9-b) Answer P
sl v oy

(9-¢) Answer

o
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(10,11) As a crude model for lightning, consider the ground to
be one plate of a parallel'plate capacitor and a cloud at an
altitude of 550 m to be the other plate. Assume the surface are
of the cloud to be the same as the area of a square that is 0.50
km on a side.

(10) What is the capacitance of this capacitor?

(11) How much charge can the cloud hold before a spark
results assuming that dielectric breakdown occurs if the
electric field in air exceed 3.0 x 106 V/m.

(Equations)

() C= & A = 50

2

A = $00xL006 = 2850000

| A 3 O .
C =& &fx/0 x z&;;o = 4023 Xx/0 (s
7

= ¢ 023Xx/0

— g, 0xr87 (F)

é

W) g =3 0xr0° Uin

Vo= £, d =3 0x/0° x &80
= fE &0 xs6% CVD
& =€V
~9 . ¢
= g D23 x/0 X /680 x/0

(10) Answer

= 4. L3708 —> 4.4 4,0MF

(11) Answer

£.6 C
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(12~14) A parallel-plate capacitor has plates with an area of A=0.036
m? and a separation of d=0.75 mm. The magnitude of electric field ; 1
E=2.88 x 107 N/C. e i)

(12-a) Find the charge on the capacitor plates.
(12-b) Find the potential difference between the plates.

(13-a) Find the capacitance of the capacitor.

(13-b) A particle with a mass of 3.8 g and a charge of + 4.56 x 10€C is
released from rest at the positive plate and moves to the negative plate.
Find the change in electric potential energy for this charge.

(14) Find the speed of the particle when it reaches the negative plate.

(20 F-EA = (TQ > Q= EEA=EFExr0 "0 2,58 x/0 x0,036
= ?,/75x/0£ ==5h ?.2_/-&(,;
V=Fd = 288x/0° xo0 205,07
= 2,/6 xr0"” ——pp 2,2x/akl/
(43) _ QO _ réxs0”¢
v 2./6 x 0"

™
|
)

-— -~ C
L 208 x FOTC —= % Lx/D A

U= 3Fd

= 48 X0 x 2,88%10" x 0, 5¢xsp

]

P.849b /67 —> 98 5" T

S U= =5 mu

(12-a) Answer

@ 2 MC o
(12-b) A S
-b) Answer 1
b = o 22xs0” WV
=/, Z 0
- ‘:)' il (13-a) Answer

4, 2 x /C;Nﬁ { ¢
(13-b) Answer _ :
— P Prro” > T

(14) Answer

2.2 m/s (iy 7.
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(15) Find the potential at the point B in the following
circuit including two batteries and three capacitors,

10uF v wouf
“‘ “'Of3 fQ.?ur -Ql

assuming that the potential at the point A is 0V. The +©) | I
capacitors were not charged before connection.
(Equations)
—1 + /3 1
e T == T oov
Q:) “'Q, - Q, = O —_— _93 30uF
A
L, = /@ xs0 ¢ (6-v) —
@,= roxc0f(9-v) —®
Q,= 30x/0°xV e (D)
® ~® 4 ,,
- hd,/ _ - ~ _
3o>«'//0/\/ —roxs0°(6-V) /OXM{H? V) =0
30V ~ 4o +s/0Vv — 20 +s,0V =0
Sov = /§0
v = 3,0
(15) Answer
.0 V (§0 %)
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(16) Find the equivalent capacitance.

—

(Equations)
3,35pF" 12.GpF"
o
| |
i | [
—_— = i 2
o /2.0 e
B =g 92 4.25F 835 pF
C1T¢(?l% +¢ 25 ¢
= @ I7¥
i ! 7 J
- -+
Ca @, /7% FIE
Ca=0 F2¢ —€L7
(18) Answer
L o9 ME (L9.%)
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b C d
(17) Find the followings:
(17-a) The current through the 6.0Q resistor Ra.
(17-b) Find the power consumed in the 1.5Q resistor Rs E=300V
when the two points, ¢ and e, are short-circuited. il S Ri=9.0 Q[] [
(Equations) T
/ { | T .
a) L -, 3
R’ 7.0 .0
R’ = 3. 600
R = 32600 +/,5§ = $.70
E 30,0
= — = 5’
= = 2 = a5y (AD
Vio= IRy = &&pxr8 = & F2 CVD
V.= 30-882 =2/78 Cv
Vs al48
I.= %, =—Z 5~ =3¢3 —>3.504)
(‘5') R = /: & C—"ly (17-a) Answer
1= £ o il =20.0 (A il (3
A R 5 B ' ) (17-b) Answer
too W
=
P.J = -Ia RB
20,0 /. §
Loo — Aoo N/
Ene) l[ 312212018 By Tohei Moritani

Keio Eilcac&zmy of New York

] R;=6.00Q



12thPhysics 3rdQ Exam 2017-18

Ri=390 4 Re=671
f 1
(18) Find the current and its direction in each — e
resistor in the figure. Determine the potential A1 ‘(: ‘L A2
difference between the points A and B. 3 \
(Equations) =12V i E=90V
—$— A R :1_20[] B St
. T T
LitL=2h3 —O
1
T B
R3=9.80
A 12 =(3.92+9.8)0 +22L3 12=13.94, +/,243 —QD
B: T & bPha % L2455, —QB)
M+ /2:/3,’74‘,+/,2,¢‘,+/,2£2 I12= /%9 L, +7 2 A2 —
D 9 = 6720+ 02001724, Q= £22 +294 —@
@ x 42 YL =19,88 L, £/ 944,
@ x4 F (3% 1=/, S, +117,9) 4=
Y. = + /18290 — L.= ). 0430 —/,0 A
P = i¥. ¥ — 09 xs050
t = [r»)'&s =0,7 22 '_"_'90&72./{)
Lg = 3(?!+/(,\J. e 0,722 + ;.—_—-30
- 7_.?5 % _— (? A (18) Answer
o 072 A gkt
(18) Answer
VJ:L2P2= £.O30x 4,7 = £ 90 R2 /oA ’Z‘ﬁf
(18) Answer
\/439-0 = £.20 =3,.00 R3 0.72 A ’é‘"id
(18) Answer
— 2./ (V) W L8A doun
(18) Answer

12
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(19) An electron at point A in the figure at the right has a
speed of v0 of 1.41 x 10§'m/s.

(19-a) Find the magnitude and direction of the magnetic
flux density tha will cause the electron to follow the
semicircular path from A to B.

(19-b) Find the time required for the electron to move from
AtoB.

A B
L-— — ] 0,00 ——— —J

(Equations)
re
(&> me—= = <1XB
~3i é
B = me Qllxt0 x L¥lx /0
€nr /,6ox/'0“”7 x ¢,0800
-3/ +46417 ok 4
= Jéobx 1077 =sb0.6x10
— /61 xr0 F(CT)
L
* s
(B - —
/ -
2T x ook x= 4 it xs0 ©
[ 41 xr0° _,
—3> 4,1 xs0 " (s
(19-a) Answer ~
J.blix/0 T
bt P P age
(19-b) Answer
i1l xro ! &
=219 3122/2018 By Tohei Moritani
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(20) A proton has the initial velocity of vo = 1.42 x 107 »
m/s and at an angle of 65.0° to the magnetic field e
with a magnetic flux density of 1.00 T. It performs a B
helical motion. Proton = >
(20-a) Find the period of the helical motion. Z
(20-b) Find the distance it travels to the direction of \ / -
the magnetic field during one period. /\l_‘/(e -
(Equations) g
.
»~

-
Y

Vy = 1.42x20 4, 66.0°

P> 4l

'U'g. B " P
Y %8 > gy, —©
ST P ) , .
T=g, = 22 . zmrunxo”
’ (g 38 1.60x 107" x /00

= eoa O T
_ . -2 e . ~
= /. %2x70" Coa £ x 4.0/ xs0

= 3:9§z3y/(if o

= 3P ¢3 e —= 3P ¥ M

(20-a) Answer

557 xr0 % &

(20-D) Answer

39, & e

B/¢* 312212018 By Tohei Moritani
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(21) A single current-carrying circular loop of radius R is

placed next to a long, straight wire, as shown in the figure at

the right. The current in the straight wire points to the right R/
and is of magnitude I. '

(21-a) In which direction must current flow in the loop to
produce zero magnetic field at its center? ’;{/3

(21-b) Find the magnitude of the current in the previous
problem.

(Equations)

(&) ©;

(%)

_ar
_ /
l-” - 2R 27 4R IR R
(;[/ g
Ho= 5% = 5%
o
H =H. --—-——-'"I d .—'-o-i-
IR 2 R
/ 2

(21-a) Answer
C W
(21-b) Answer
=
37C
o i §
Your opinions
The solution will be shown on the Website of Physic Class tomorrow night.
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