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11th Physics 5

: Electricity

Coulomb’s Law

F: Electrostatic Force [N]

k : Coulomb Constant = 8.99 x 10° Nm2/C2

q1, q2 - Magnitude of Charge [C]

r : Distance between Two Charges [ml]
Newton’s Law of Universal Gravitation

mymy

F=G™]

F: Universal Gravitational Force 774/ 3| /1[N]
G : Universal Gravitational Constant

Ohm’s Law [ =

= 6.672 x 1011 Nm2/kg?
mi1, ms: Mass [kgl
r : Distance between Two Masses [m]

E : Electric Field

V: Potential Difference

alt:al"’

or V =1

w <

V: Voltage
I: Current
R: Resistance

2
R =
R

P: Power

W: electric Energy

o : Resistivity

¢ +Rn

[J], [Wh]
[Q - m]

[N/C]

(V]

R

(V]
(A]
[Q]

(W]

Elementary Charge

Electron mass

Proton mass

Neutron mass

Coulomb’s Law constant
Gravitational Acceleration Rate
Universal gravitational constant

Avogadro’s Number

e=1.60x101C

me = 9.11 x 10-31 kg

mp = 1.673 x 10-27 kg

mn = 1.675 x 1027 kg
k=8.99x 10° N + m2/C2

g = 9.80 m/s?

G=6.67x 1011 N + m2/kg?
Na =6.022 x 1023 mol!
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PhysicsLab-026 Electric Charge - Static Electricity & Electroscope

[Lab-1] Generating frictional electricity

Typical combinations:
PVC () /Fur ()
Ebonite (-) / Fur (+)
Glass (+) /Silk ()
Acryl resin / Silk

Ebonite PVC Fur Acryl Glass i,
Rod Rod Rod Rod
(Hard Rubber)

Suspender

v

Aluminum-
: s coated Balls

Polystylene

Balls

Straw
(Polyethylene)

A PVC rod is rubbed with fur and
then brought near the followings.
What happens?

A glass rod is rubbed with silk and

then brought near the followings.
What happens?

3 | Suspended aluminum coated ball

3| Suspended aluminum coated ball

4 | Suspended polystyrene foam ball

4| Suspended polystyrene foam ball
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[Lab-2-a] Reaction between two charged insulators
[Lab-2-b]  Reaction between a charged and an uncharged insulators
Charged side Uncharged side
Charged PVC w/Fur oo
/ Charged %fur ‘ Ancharged
SN
Charged PVC w/Fur ol
_ / Charged %nk ‘ Ancharged
Charged Glass w/Silk bk
/ Charged %nk Ancharged
Charged Acryl w/Silk oo
| / Charged%fur Ancharged
Charged Acryl w/Fur ;;Tg*
/ Charged %fur Ancharged

O

[Lab-2-b] Reaction between a charged insulator and water

Charged Water

PVC w/Fur

/

&

Charged
Glass
w/Silk

/

Water

[Lab-2-c] Reaction between a charged insulator and a conductor (metal)

&8 ‘
\4/\/ %;(lii‘ur Suspender

h ]vged

#) Kk

*B
Suspender
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[Lab-3] Leaf Electroscopg

SN,
=T al]
2-a
?
b BT ¢ S
Grounding Get it closer slowly not 1o
makxe it dischaged
%D . Y o "‘
- : Connang . " ke Identify the
1 ! sign of
1 ol charge
Get it closer slowly not 1o | Grounding
make it dischaged Remove Move the rod
grounding away
N o 7_\’ 1]
ﬂ‘l //
Identify the
2. | i sign of
5 charge
, Oy EY
) Get it closer slowly
Qeounding -»Discharge
—'-'—' .':k:_l ., [ ——— ]
L1 ' oo
BB Identifyi
2d I the sign of
charge
Grounding contact
173072019 By Tohei Moritani

4
Keio Academy of New York



11th Physics 5 Electricity 2018-19

[Lab-4-a] Tray generator

Aluminum tray with a plastic cup,

Polystyrene board, Saran wrap, Fur(tissue)

1. Rub 2 Bring close
3 Ground 4 Separate 5 Ground

[Lab-4-b] Identifying the sign of charge with a Neon lamp

Anode Cathode

low A neon lamp is a neon gas discharge lamp consisting

/
. A . of two electrodes. The electron-emitting side
. \ (cathode) glows.

[Lab-5-1] Van de Graaff Generator -1

(@) (b)
Van de Graaff Generator Disﬁcgh;rge Electrode
Tr T T 7 ER REEE Hamilton’s Mill  Light Bulbs
o
Switch uj
ATYF Flying Ball ~ Silver Snake
Inslation Stool
et

[Lab-5-2] Van de Graaff Generator -2

TP T L= 5 ERZY)
b5, T—ATEKIELNLT
MR &Y D

Power off, take grounding
ot and step down.

AN HERR B IZF > T
MoEREAND

Riding up the stool,
then power-up
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I. Electric Charge

1. Frictional Charging and Electric Charge

[Q1] The effects of electric charge have been known as early as 600 B.C. in
Greece about amber. Explain what the Greeks noticed.

Amber --- “Elektron”
[Q2] Explain about other materials that show the effects of electric charge
like amber.
[Q4] Explain how “Two Kinds of Charges” were defined. Also explain how the | — & ‘
definition is related to the modern science. % *
Fig. 2
[Q5] What is “Elementary charge”?
— ‘: _., ) .L..:. hna
[Q6] State both the sign and magnitude of the charge on a proton, an electron, A {' { by .
and a neutron in terms of e, the elementary charge. { "1.j" [ as W !
\ A w i :/" A\ 'll
“ 'ﬁ:'y - A T
| L i
w N 't o
[Q7] Which net charge could be found on an object? Pomssivaly churgend reacko

(1)8.00x1020C (2)2.40x1019C (3)3.20x10°C (4)6.25x1018C

[Q8] Coulomb, C, is the unit of electric charge. How many electrons are there
in -1 C of electrons?

[Q9] Find the amount of positive electric charge in one mole of helium atoms.

6 173072019 By Tohei Monitani
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2. Charge Separation

[Q10] How is it that rubbing a piece of amber with fur gives the amber a charge? Explain the original idea in history
and also the modern idea.

[Q11] Explain about, insulators, conductors and semiconductors. Show

B C
examples. @ @ @

[Q12] The diagram shows the initial charges and positions of three metal

spheres, A, B and C on insulating stands. A is brought into contact with B and

then removed. Then B is brought into contact with C and removed. What is —— —U— —U—
the charge on C? (PS115)

[Q13] An electrically neutral amber is rubbed with electrically neutral fur,
and the amber is charged. As the result being charged does the mass of the
amber increase, decrease, or stay the same in principle? Explain.

[Q14] In dry weather we experience electricity shocks when we take of a
sweater or we touch a metal knob. What causes such static shocks? ZE528

0 /N
%=
%
[Q15] Lightning bolt. “Spoke” in Saturn’s ring. KO
Q g g p g O <#LY)
Hoh
(KE<HE#LY)
[Q15] The table is called Triboelectric Series, which presents relative charging
due to rubbing. Predict what happens when rubber, PVC, Acrylic resin or
Teflon is rubbed with fur. How about when Acrylic resin is rubbed with REk
nylon or silk?
173072019 By Tohei Monitani
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Most Positive (+)

Air

Aircraft/air friction

Dry human
skin

Asbestos

Rabbit fur

Glass

Mica

Human Hair

Fly-away
hair

Nylon

Plexiglass
(Acrylic
resin)

Acrylic resin and
Acrylic fiber are
different materials

Wool

Lead

Cat fur

Silk

Aluminum

Paper

Cotton

Best for non-static
cloth

Steel

Wood

Amber

Ebonite
(Hard rubber)

Nickel, Copper

Brass, Silver

Gold. Platinum

Sulfur

Rayon

Polyester fiber

Celluloid

Polystyrene

Orlon
(Acrylic fiber)

Saran

Polyurethane

Polyethylene

PVC

Silicone

More Negative

Teflon

S0P

Most Negative (-)
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3. Interaction between Charged Materials
[Q5] Explain about “Like Charges Repel; Unlike Charges Attract.”

[Q6-Lab] Verify the kind of charge on a acryl rod when it is rubbed with fur. | - -
Also verify the kind of charge on a acryl rod when it is rubbed with silk. & ’

[Q7 —Labl The kind of charge generated can also be determined using a neon
lamp.

9 173072019 By Tohei Moritani
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4. Interaction between Charged Material and Insulators --- Polarization

[QS] Explain why a PVC rod that has been rubbed with fur attracts small polystyrene balls,
small bits of paper or water stream, even though the balls, paper or water are uncharged?

[Theory] (Dielectric) Polarization

~ TR
Charged ~_\X
Ebonite -7

P é>’>/ % A é%
% e T~ = : ©r T~ éé Y @ :
. ) N ~ N ++
ﬁb Charged R ‘%K y Charged + + %
ByAc Ebonite  — =4 Glass ++ % {

173072019
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5. Interaction between Charged Material and Conductors --- Induction
[Q7] Explain why a PVC rod that has been rubbed with fur attracts

small aluminum-coated balls and then repels them, even though the balls are
uncharged in the beginning?

Attract

Repel

[Q20] The figure shows an experiment using an electroscope. Draw
the leaves, open or closed, and the distribution of charges.

%‘é:
2-a Sign of charge?
2-c
Sign of charge?
CopperWire\
2-d
Sign of charge?

173072019 By Tohei Monitani
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[Theoryl Electrostatic Induction

a)

Charged
PVC

Charged Charged

1 Discharge 2 I Touch 2

12 1/30/2019 By Tohei Moritani
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II. Coulomb’s Law

Coulomb’s Law F =k % (5)

k = 899x10° N-m?/C? (6)

[Q1] As you learned in the lab of static electricity, the force of attraction or

repulsion is exerted between two electric charges. Then, if a particle A has N
ten times more charge in magnitude than another particle B, which force is Fae C) . Foa
larger, the force A exerts B or B exerts A? -
A B
[Q2] A point charge A of +3.0 x 1077 C is placed 2.0 x 102 m from a second
point charge B of +4.0 x 107 C. Calculate the magnitude of the z A B N
. AB
electrostatic force between A and B. ‘ o Q ,FBA
+30x10°C +40x10'C
20x10°m
[Q3] The electrostatic force of attraction between two small spheres that R
are 1.0 m apart is 3.0 N. What is the electrostatic force if the distance is Fas B Fea
-
decreased to 0.30 m? < 4 7

[Q4] Describe some of the similarities and differences between Coulomb’s
law and Newton’s law of gravity.

[Q5] An electron and a proton, initially separated by a distance d, are
released from rest simultaneously. The two particles are free to move.
When they collide, are they (a) at the middle point of their initial separation,
(b) closer to the initial position of the proton, or (c) closer to the initial
position of the electron?

1 173072019 By Tohet Moritani
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[Q6] Three charges, each equal to +2.90 u C, are placed at three
corners of a square 0.500 m on a side, as shown in the diagram. Find

the magnitude and direction of the net force on charge gs. r=0.500m ®
a0,
| q3

| r=0.500m

94

14 173072019 By Tohet Moritani
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) y (m)
III. Electric Field 3
\ /
The positive charge +q at the origin of this coordinate system 2 T 1
exerts a different force on a “positive test charge qo “ at every 1 4N /L
point in space. “A force per charge, F/ qo “ at every point is F
independent of qo. 0 o —A.l
+q A
gl F L
1 B B N
o - = _ F -2 r»y LR
Electric Field, E EFE = — [N/C] ®
do
-3 x (m)
N = -3 -2 -1 0 1 2 3
F = QE ©

[Q18] (a) Find the electric field at a point where a force of 12 N
exerts on a charge of 3C.

(b) A charge of —0.5C is placed on this point. Find the force
exerted on the charge.

[Q19] A uniform electric field has a magnitude of 4.60 x 104 N/C

and points in the positive x direction. Find the magnitude and E -
direction of this field exerts on a charge of (a) +2.80 1 C and (b) +2.80 uC @t
-9.30u C.
- E ©-9.30 pC

I X

O

Fig. 19

173072019 By Tohei Monitani
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1. Electric Field of a Point Charge

Magnitude of Electric Field Due to a Point Charge

E = k% (10)
T

[Q20] A charge of is at the origin O. Find the magnitude of / \
direction of the magnetic field at the point of x = +0.3 m. ;

=7

7

(b)

The direction of the electric field.

[Q21] Find the electric field produced by a 1.0 z C point charge at
a distance of (a) 0.75 m and (b) 1.5 m.

[Q24] What is the magnitude of the electrostatic force
experienced by one elementary charge at a point in an electric
field where the magnitude of the electric field strength is 3.0 x
103 N/C?
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2. Superposition of Fields

[Q22] In the figure at the right, E,, E, and Esare electric fields
at point P due to the three charges, q1, q2 and g3, respectively.
Find the net electric field at point P using the graph method.

[Q23] Two charges are placed at two of the vertices, B and C, of
an equilateral triangle of side 0.60 m. Charge Bis —2.0 x 1010C;
charge C 1s 2.0 x1010C.

(a) Find the magnitude and direction of the net field at A.

(b) Find the magnitude and direction of the net field at D, the
middle point between B and C.

L]
N
N
g \

D Fig. 23

[Q24] Two charges, q1 and q,, . (FRICKE SOEMERFHLX O X

HIRMBIZH D, P OBFIIEELAE THD, B q1 & qy.

IZDWT ERUDIE LW Dy,

(@ qMNETq,288, O PAETq,NE, ©aq & q,& bRF
o

Fig. 22

G® =t ot

[Q25] [F CEME+2.90 1 C OEMN 2 MO X 5 RfBICH D,
RBDBEBHBORE S LME 2RO L,

r=0.500m

9 *  Fig.23
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2. Electric Field Lines

[Q25] The diagram shows some of the electric field lines
of around a positive point charge. Which point has the
greatest magnitude of the electric field?

[Q26] A charged particle is placed in an electric field E.
If the charge on the particle is doubled, how is the
magnitude of the force exerted on the particle by the
field changed?

[Q27] Which diagram best illustrates the electric field
around two unlike charges?

[Q28] Which diagram best represents the electric field of
a point negative charge?

o

i

(2)

(1)

N
A

(M

1
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A
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s
E
» B

e, g
F——— -
e ——"

(3)
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3. Electric Field of a Parallel-Plate Capacitor

[Q29] The electric field between the plates of a
parallel-plate capacitor if horizontal, uniform, and has
magnitude E. A small object of mass 0.0250 kg and
charge —3.10 u C is suspended by a thread between the
plates, as shown in the figure. The thread makes an
angle of 10.5° with the vertical. (a) Find the tension of
the thread. (b) Find the magnitude of the electric field.

1 173072019 By Tohei Moritani
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IV. Electric Potential Energy and Electric Potential

9. Electric Potential Energy of a Charge
AU = -W = —qEd (21)
10. Electric Potential

v =L 22 qo >0
do
U= qV (23)
1V=1J/C (24)

11. Electric Field and Electric Potential
E = - (25)
IN/C = 1V/m (26)

[Q1] The figure shows the comparison between

gravitational and electric forces. There is some All =g

similarities between the two forces. Explain.

F=q,E
(a) Moving a charge in an
electric field
[Q2] The figure shows a parallel-plate capacitor. Draw
electric field lines .
Explain about the electric field and electric potential.
+Q

2
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AU = mgd
-
od
| m !
1% .
o | F=mg
f I'
|
_
(b) Moving a mass in a gravitational field
d -
-0
173072019 By Tohei Monitani
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9. Electric Potential Energy of a Charge

AU = -W = —qEd (21)
10. Electric Potential EA0A
Av = 2 = ¥y 220  qo >0
do do
1V=1J/C (23)

[Q2] A positive charge of 3.2 x 101® C experiences a force due to
the electric field E and moves through a potential difference
of 30 V. Find the work done by the electric field.

[Q3] Find the change in electric potential energy, AU, as a
charge of (a) 2.20 x 10-6 C or (b) —1.10 x 10-6 C moves from a
point A to a point B, given that the change in electric potential
between these pointis AV=V,-V, =240V .

21
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2. Electric Field and Electric Potential

E = (24)

als

1N/C = 1V/m (25)

Uniform Electric Field

[Q6] Two points placed 0.20 m apart in the direction of a uniform
electric field, where the electric potential of A is higher than that
of B. (a) Find the magnitude of the electric field.

(b) When a positive charge of 3.4 x 1077 C is placed in the electric
field, find the force exerted by the electric field on the charge.

(c) When the charge travels from A to B, find the work done by
the force of the electric field.

[Q8] A uniform electric field is established by connecting the
plates of a parallel-plate capacitor to a 12-V battery. (a) If the
plates are separated by 0.75 cm, what is the magnitude of the
electric field in the capacity? (b) A charge of +6.24 x 106 C
moves from the positive plate to the negative plate. Find the
change in electric potential energy for this change.

2
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Potential

0.20m

10V
0.20m

Y

B A
Distance
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X. Energy Conservation

K+ U=K+U,imv?+ qV = imv'?+ qV' (26

[Q10] (a) & m =1.75 x 105kg TERH q =5.20x 10% C DRI T
ﬁﬁAfﬁtntoﬁ%#%®£B ZEh T b X ICEM 60.0 V

W Lz, IR sESERD L, b) FAUHETFORAICBT [, T
5m%ﬁm5mm&f@5&%53 BIFHES %k X, “'Ww ’{

[Q11] & B DEREEA 0.75 cm DFATEMR = F o —I2 12V
DEMEDIRNT KBS EZE-T, +6.24x106C 0)%17%3?:@
W DI NABIRICE N2 EOHE N 3.4m/ls THD, (a) &
FOEEIINL By, (b) Bz & ZDOEH = RLEF—1T0< 5,

[lezﬁ@rmﬁm%ozmnﬁbx_® B BN 22 4.0V
DTz, ZOBHFOPICE T EEHMTEL,

(a) EFoOKESL, EFNVES ﬁ%;féj}%;}%&)i

(b) B DNEMA S EMIZBE LT & B L7t
TN L B,

() EMITHELIZEZDEFOHS TNV B,

@B]E§25xw%kgT16xwa@E® e NP 7
. EOWIRNSHE 0 TEIE 721, 2000 V DENMFEDHE OB
éuto
(@) EEDOAFURELND INTAEFITNL B,
b)) ZOHFERTXTZOA T DOEBI = RALF—|ZRoTmET5
L. ABIRICELTZE XA T OEE TN B,

2
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Galvanic Cells, Batteries

[Q1] Typical Structure of a galvanic cell

Voltmeter + 1.10 V

c 0.76 V
opper .
g Zinc
Salt bridge
{cathode) | (anode)
Cu®* + 2™ Cu(s) +0.34 V Zn(s) —> Zn?* +2¢" + 0.76 V
Cu?* + Zn(s) —» Zn?* + Cu(s)

[Q3] Car battery Positive terminal Negative terminal

Electrolyte solution
(dilute sulfuric acid)

Cell connectors

Protective casing
Positive electrode
(lead dioxide)

D &1

Anode
(zinc inner case)

Cathode
(graphite rod)

Paste of MnO,,
NH,CI, and
carbon

Leaking

24 173072019 By Tohei Monitani
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— Electric Circuits

— Quantities in Electricity
[Q31] The disk drive in a portable CD player is connected to a battery that
supplies it with a current of 0.22 A. How many electrons pass through the

drive in 4.5 s?

Fig. 31

[Q32] Explain about two kinds of electric circuits, direct-current (DC) circuits

and alternating-current (AC) circuits.

(a) A simple flashlight

o

[Q33] The figure shows a simple flashlight and its circuit design. Explain

=ED

1l
L
ey

about the symbols in the circuit.

(b) Circuit diagram for flashlight

Fig. 33
Direction of current —1[
[Q34] Explain about the direction of current and electron flow using Fig. 13.
- =
Flow of electrons —J
Fig. 34

= g
=& |

\

|
[Q35] (a) An electric device operates on a 120V. If the power consumed by /

the device is 1500W, what is the current in it? (b) When the above device
operates during 8.0 hours, find the electric energy consumed in kWh.

Fig. 35

173072019 By Tohei Monitani
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— Ohm’s Law and Resistance

[Q36] A potential difference of 24 V is applied to a 150Q resistor.
How much current flows through the resistor? Find also the
electric energy consumed.

[Q37] Find the resistance at 20°C of copper wire where it has a
cross-sectional area of 1.0 mm?2 and a length of 10 m. Use the
value of resistivity in the table.

[Q38] Wire 1 has a length L and a circular cross section of
Diameter D. Wire 2 is constructed from the same material as wire
1 and has the same shape, but its length is 2L, and its diameter is
2D. By what factor does the resistance of Wire 2 change in
comparison with Wire 1?

2
Keio ‘]lcazfemy of New York

Resistivity (20°C)

Substance Resistivity, p () *m)

Insulators

Quartz (fused) 7.5 x 107

Rubber 1t0 100 x 10"

Glass 1t0 10,000 X 10°

Semiconductors

Silicon® 0.10 to 60

Germanium”* 0.001 to 0.5

Conductors

Lead 22 x 1078

Iron 9.71 X 1078

Tungsten 56 x 1078

Aluminum 265 X 1078

Gold 220 x 1078

Copper 1.68 X 1078

Silver 159 x 1078
— L“ﬂ‘

Wire 1

r"\\— 2L—
——

2D

T

Wire 2 i

Fig. 38
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F (a) Equal potential energy c{)
Electric Circuits -~
1. Electric current is like water current. Water flows when SR ]
there is a potential difference. Electric current also flows
when there is an electric potential difference (voltage). 28
Fig 1-a
F ® .+ High potential energy e
_}' ______________ '
; Flow of water
______________ %
Low potential energy
7\_,—)_
Fig 1-b
2. Abasic electric circuit consist of a battery and a resistor. A Direction of current
battery creates electromotive force (Emf), E [V], and a resistor -1[
has a resistance, R [Q], that consumes electric energy.
+ |
¢ )
Flow of electrons Fig. 2
3. In the basic circuit consisting of a battery and a resistor, the
current of the circuit is calculated by the Ohm’s Law. %
] = — I: Current [A] 1
R W/
V: Voltage vl | L
Fig. 3
R: Resistance #&#H1 [Q]
3. Power produced by a battery and dissipated by the resistor.
P = VI= RI2Z =
P: Power W]
W = Pt W:electric Energy [J], [Wh] E=30V
i Il [] R=500Q
Fig. 4
173072019 By Tohei Monitani
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[Q1] A circuit consists of R=5.0Q resistor connected in series to a 30
V battery. Find the followings: the current through the resistor, the b C

voltage drop at the resistor, the power produced by the battery, the
power dissipated at the resistor and the potential at b ~ d when the
potential of the point a is 0. E=30V
- Il [ R=500
a d

1) A battery produces electromotive force (emf), E [V]. The voltage
(= potential difference) applied the resistor, V, is equal to E in
this simplest case.

2) Current I [A] is determined by V [V] and resistance R [Q].

] =12
R
3)  When a current flows through a resistance a voltage drop v
always occurs.  The potential drop V [V] is determined by the
Ohm’s Law. —_—
I ) R °

4) Power produced by a battery and dissipated by the resistor.
v 2

P = VI= R = —
R

5) Potential in each point.

Aqueduct Model
1) Pump = Battery
Height of water raised by a pump = emf
2) Height of water =Potential Emf

tE]

Il
B
3

1

I

=)

Resitance

B

1) WiF

) Ko B
RCHHD

b7
l%]‘

Kow S =8ERT

Voltage Drop

) 1. R TR EF s AOEE (B BITRE N
LHER GRS CRE S,

(&

=t
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E=30V
1 ] R =500
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— Series Connection

[Q2] A circuit consists of two resistors connected in series to a 30 V

| C

battery. Find the followings: 1) the current through each
resistance, 2) the potential difference between the both sides of b
each resistance or the voltage drop at the resistor, 3) the power Ri=10Q
produced by the battery and the power dissipated at the resistor E=30V d
and, 4) the potential values of b, ¢, d and e if the potential of the -
point a is assumed to be 0 V. R=500
2 HOHEH & 30 V OEMA HARBEHENRD D, WERD X, S
1. BEPLE RN D EGR
2. HWEPiomumOENMNZE (BIEKET) e
3. EMTAHELLET)., EHPSHEET2ED.
4., HaDENMEOV ELIZEEZ, b,c,d, e DEN

1) Calculate the equivalent resistor. A RIEFLOFHHE

R = Ri+Rz2+ - - - +Ra
5 Sk V

2) Find the total current, Itotal. R OR I = R

3) Find the voltage drops  EEME T O H V = IR

4) Power produced by a battery and Potential DI'Op
dissipated by the resistor. =

issip y resistor %Elz%—l:

i AT B ) SR 5

P = VI= RE = =
5) Find the potentials BN OEH
KEDEFL & L L5 Emf

e

[Q3] A 4.0Qresistor and 8.0 Qresistor are connected in series, as shown in the
figure. If the current through the 4 Qresistor is 2.0 A, what is the current
through the 8.0Q resistor?

FEIZRT L DIZ, 4.0Q0EHIN 8.0Q DS L EINCHEF SN TS, b L,
4.0 Q OIRHUT 2.0A DEIHRAS AL TV B EE 8.0Q DOIPUTHN D EBHIT VL B A,

Resitance

B

[Q4] In the previous circuit, what is the potential difference (voltage) between the points, b and c?

AIOEEE T, mib & c DBEOENMZAE (EE) 1TV < 6y

30
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— Parallel Connection

[Q5] A circuit consists of two resistors connected in series to a 30

V battery. Find the followings: 1) the current through the point c f
b, 2) the potential difference between the both sides of each
resistance or the voltage drop at the resistor, 3) the current
through each resistance, 4) the power produced by the battery E=30V

and the power dissipated at the resistor and, 5) the potential — Ri=10 Q[] [] Rp=500Q
values of b~i if the potential of the point a is assumed to be 0 V.

2EDOEHLE 30V DEMMNOL R DEIRRH D, RERD L, ¢
1 Kb xfii 5 ER

HIRPLO WSRO EN 2 (BEEET)

B LA FiAL 2 B

EMTALDES, BHIEET 2ET.
HaDBEMZOV ELELEE, b~ OENL

QU i W DN

1) Calculate the equivalent resistor. AR OFHE

x|
=

i

kel

N

]

|4
2) Find the “total current”. [ OFEM I = R
3) Find the voltage drops  EEME T O H V = IR
4) Find the current flowing through each resistance. % #b1 % {5 BIE O H H L, = —

5) Power produced by a battery and dissipated by the resistor.
LA EE T 5B L IERTINEE T 58

P = VI= RE = =
6) Find the potentials BN OEH

KBEOETFT L L LD

Emf
Resitance
Potential 7]
Drop TBERFT

3
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|
|

T 9
b ¢
E=30V -
— LIr =100 R,=5.0 O

D“
Dm.
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— Mixed Connection

[Q6] When the switch S is closed, determine the followings: 1) the
current through the point b, 2) the potential difference
between the both sides of each resistor or the voltage drop at

the resistor, 3) the current through each resistance, 4) the =30 1 a0 [

power produced by the battery and the power dissipated at T

the resistor and, 5) the potential values of b~g if the
potential of the point a is assumed to be 0 V. —

R:=500Q

2 HOHEHT L 30 V DM S A S EEA D B, KERD L, 2 goson  °
1 b &ih s &

KA OMMOEE (BIERET)

KR AN B B

BTHE L HBS, I ERT 5B,

fa DERE OV L LIk &, beg DA

QU i W DN

1) Calculate the equivalent resistor. A RIEFLOFIE GHEDONEF S KF)

= o — et = R = Ri+Re+ - - - +R,

%4
2) Find the “total current”. [2ER ORE I = E

3) Find the voltage drops  EEME T O H V = IR
4) Find the potentials EAVARK Nas

5) Find the current flowing through each resistance. % #\$i % it 5 BIEOH H L, =
5) Power produced by a battery and dissipated by the resistor.

S ERET 5 ) & RS 5
P = VI= RE = =

KEDOET N E L XD Emf

Voltage Drop
BERT

Voltage Drop

BEMRT
Y

Resitance

B

173072019
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A A
bt
E=30V
- NN [ m— R,=100Q R,=5.0 Q

35 173072019 By Tohei Monitani
Keio ‘]lcaaﬁamy of New York



11th Physics 5 Electricity 2018-19

[Q45] Consider the circuit shown, where the potential at the point “a” is assumed as 0 V.

7R L7= A& CA8 a O FENL(potential) & OV & 925,
A) When the switch S is open, determine the followings:

AA v F SHEAWVTND L ERAERD L,

Switch: open, AA ~JF : Bd Equations Answer &
(A-1) The current at the point “e”
R e [ZURAL 2 B
The potential difference between “d” and
(A-2) “e”
—a.d b eMDENME (BE)
(A-3) The potential at the point “e”
e OFEN (potential)
(A-0) The power produced at the battery
B CHRETLES
B) When the switch S is closed, determine the followings: AA v F SHHA LTS & &Rk ERD K,
Switch: closed, A A ~F : [ Equations Answer &
(B1) The current at the point “e”
e T D B
(B-2) The potential difference between “d” and “e”
T d ke DEMAE (BE)
(B-3) The potential at the point “e”
e OEN (potential)
(B-4) The power consumed at the 5.0Q resistor Rs.
5.0 Q#&#L R CIHE SN D&
c S
f
/—u
b
d
E=30V
Ri=10Q [ ]Ri=5.0Q
-
| |
e €]
R,=5.0Q
173072019 By Tohei Moritani
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[Q44] The diagram, Fig. 44, shows a circuit. In order to measure the
current and voltage drop of the resistor R, which connections are
right? Write A for ammeter and V for voltmeter in the circles shown.
No letter should be written in the circle(s) in wrong connection(s).
EDEFE T, HHLR 25 ER & BERTZRET H72O1ITiE E R
FENIEL W, MOMOHIZERGHIA, BEFHIV EEE AL, #
EolBROMOPITITFEEHENTT R0,

[Q46] (1) Find the equivalent resistance between b and d.

bd ] OARHHLITN < B2,

(2) Find the current through the point a.
MRoa N L B AR &,

(3) Find the current through R..
HEHR R 2N 5 ER 2 KD XL,

(4) If the point ¢ snaps, find the current through the point d.
b L c SWidR L72le, R d 2N D BRIV < By,

(5) What happens in this circuit if the two points, ¢ and d, are short-circuited??
bLlmcdMiEi (a—h) Leh, BRI EDL IR &
DEZ D0,  (116)

[Q47] (1) You want to measure the current and voltage drop of the
resistor R. Show how to connect an ammeter and voltmeter. (2)
Find the resistance of the resistor R. (3) How much power is
dissipated in R? (1) #&H1 R I DEIE LN 2 Bz Efisl & EE
FHaflio THIE Lz, B 7iEx XRE L.

(2) HEHLR DK E ST B,

B R THBESNDLENIN BH, 117

[Q48] A 6.0 V battery, a 40Q resistor, R1, and another resistor of
unknown resistance, Ro, are connected as shown. Find the
resistance of Re when the current through Ri11s 0.10 A.

T 6.0V OEME 40 Q DS R & RFDO K E SO Re # KD K
DTt LTz, 40 Q DIRFUTHN D EWIE 0.10 A Th o7z, RADEH
ReD K& S %&kd L, (I17)

37
Keio ‘]lca(femy of New York

— Fig. 44

E=100V
R=4OQ[J ] R2=40Q
-

10 mA

Ezw—v..— R []

Ri=40Q R,
I I
TO.T 0A
6.0V
L
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[Q49]
(1) When the switch S is open, find the current through the 1.0 Q resistor
and also the power it dissipates.

AL FRBANTND L& 10QDOEBIZTNDERE . HES
N5\ ERD &,

(2) When the switch is closed, find the current through the 1.0 Q resistor and
also the power it dissipates. What factor does it change in comparison
with the case above? —_—
AATFPRALTND L&, 10QOEFIERNDEIRE, HE X
NLENERD L, A4 v FRAVTND & & DfifED, (I17)

[Joo0

[Q50] The three resistors and a battery are connected as shown.
(1) Find the potential differences, V(A-B), V(A-C) and V(A-D).
AB ], AC[H. AD MDOEEIZWN< By,

(2) The points A and C are short-circuited. Find the potential differences, .

IE

V(A-B), V(A-C) and V(A-D). 1
AL CEERKLEZ, ABR. ACMH. AD BOELITVL B,

(3) The points B and D are short-circuited. Find the potential differences,

V(A-B), V(A-C) and V(A-D). 30V o

B & DZEKLEZ, AB . AC M. AD BOETEITWNL Sy,

(4) The points A and C, and also the points B and D are short-circuited at .

[ 200

the same time. Find the potential differences, V(A-B), V(A-C) and D
V(A-D).

A& C | B& DRI L, AB i, ACRH. AD HMOEE

V< B, (117

3
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1. Frictional Electricity
Static Electricity
Charging
Charge
Insulators and Conductors
(Electrical) Polarization
(Electrostatic) Induction
Transfer of Charges

L ONE
etk L 1k
5y
B

B OB

Law of Conservation of Charge &1 DOIR17H]

Electoscope
Electron, Proton
Elementary Charge
Coulomb’s Law

2. Electric Fields
Electric Field Lines
Grounding
Parallel Plates
Potential Difference
Electronvolt (eV)

4. Current
Ampere
DC and AC
Battery
EMF, Power Supply
Voltage
Volt
Power
Electric Energy
Circuits
Resistor
Resistance
Ohm’s Law
Voltage Drop
Resistivity
Series Connection
Parallel Connection
Joule Heat
Discharge
Free Electrons
Breaking Down
Short

TR
T BT

7 —u O

[ER7 RS
(ST
BE

T

HEH(E)

F— L DiEH]
BIERET
TR

ELF BT

W F 42t
a2 — LB

&
HH&E T
[
v a— b

Elementary Charge

Electron mass

Proton mass

Neutron mass

Coulomb’s Law constant
Gravitational Acceleration Rate
Universal gravitational constant

Avogadro’s Number

e=1.60x101C

me =9.11 x 10-31 kg

mp = 1.673 x 10-27 kg

mn = 1.675x 1027 kg
k=8.99x 10° N + m2/C2

g =9.80 m/s?

G =6.67x 1011 N + m2/kg?
Na =6.022 x 1023 mol'?
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