Material World: Electricity

17. Coulomb’s Law

The force, F, between two objects with charge q; and gy, is given by:

k : :
F= % , Where r = distance between the two charges in meters
r

k = Coulomb's constant = 9 X 10° Nm?/C?.

Example 1  Charges of 80 X 10°® C and 70 X 10 C are 0.5 m apart. How much force
repels these like-charges?*

Example 2  There is a direct relationship between quantity of charge and force of
repulsion or attraction. What do we mean by that? Show mathematically
and graphically.

Example 3  There is an inverse relationship between charge separation and force of
repulsion or attraction. What do we mean by that? Show mathematically
and graphically.

Example4 By what factor would the attractive force between two oppositely charged
objects increase if we decreased the distance between them to 1/3 of the
original distance?

1.201.6 N
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Material World: Electricity

Example 5  The distance between two charges was doubled. And yet the force of attraction still
tripled. What happened to one of the charges, if the other remained the same?

Exercises
1. Charges of 50x10° C and 70x10° C are 0.3 m apart. How much force repels these like-
charges??

2. What happens to the force between two charges if the distance separating them
triples?

3. What happens to the force between two charges if the amount of charge triples in
each case?

4. What happens to the force between two charges if one of the charges is replaced
by one that is only half as charged and it is also twice as far from the original
charge?

5. If the repulsive force between two objects is to remain the same, and if one
object's charge becomes sixteen times bigger, what distance should separate the
charges?

6. If the following is a graph of Coulomb’s Law, what do x and y represent from the formula
1e+HI6
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18. Kirchoff’s Laws: A- Parallel and Series Circuits

A summary of Simple Circuits:

Variable Series Parallel
resistance Rr=Ri+Ry+ ... 1/RT=1/R + 1/R, + ...
voltage Vr=Vi+Vo+ ... constant
current constant lr=1li+1L+...
Ohm’s Law VT =1 RT V= IT RT
Example 1
RI R;
’ — N SVAVAVAY, a. What is the total
V=40V 60 40 resistance of the circuit?
b. What current would

be measured in between the two resistors?

C. What voltage (V1) would be measured across R1? Across Ry?
Example 2
V=12V R=101 a. Find the missing resistance in

| the circuit shown, which consists of a
| ‘ 12 V battery hooked to two resistors.

E =% [=154

b. If the two resistors represented two light bulbs, and one of the light bulbs was off,
would you be able to turn the other bulb on?
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Example 3
A e a. What is the total resistance of the circuit?
o
b. What is the total current?
1202
A
|
|‘12 W C. What voltage (V1) would be measured
across each individual resistor?
d. What current is drawn out by each resistor?
Example 4

The drawing seems confusing, but note that it is a parallel circuit because the electrons
have a “choice”. At the junction (shown by the red dot) the electrons either follow the
green route or the orange route.

Use I; =1A; 1, =05 A; Ry =
10 Q.

— AN
1 (&) L@J @? a. Find Vz.
= , i

P
A

b. Find Ry.

c. Use two methods to arrive at Rr.
d. Find the total resistance and the voltmeter reading at each resistor:
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Exercises
1. Find either the missing voltage of missing current

a)
50 Q A 050 A

40Q2 30 Q2

: AR

2. Two resistors are connected in parallel. Each draws 2.0 A of current. If the total
voltage is 12 V, find R; and R..

3. Two resistors are connected in series. The total current is 0.500 A. The potential
difference at the resistors is 2 V and 5V, respectively. Find R; and R..

4. Find the missing voltage and resistance.

2N ——
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Find the missing voltage.
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Find the missing resistance, the total current, and the missing voltage

1

/KO/Q

1.
A2

0A
O

?
400 0.p5 A <A>???
A/ @
a. In a series circuit, what measurement is constant at each resistor?
b. In a parallel circuit, what measurement is constant at each resistor?
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B-Combination Circuits combine the features of parallel circuits with those of
series circuits. The key to surviving these is to keep in mind the distinctive
features of those circuits in mind.

sonq 1y Example 1
g0 p [V a. What is the overall resistance of this
i 200 O ,r_,_" 1"“ circuit?
—MWW— |
B J :
'I'l
=12V

b. What is the potential difference measured from a to b?

c. What currents would be measured within the parallel branch? (see diagram for I,
and 1,)

/\/\ Example 2

10¢2 a Find the
total current in

A p A the following:

3l
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Material World: Electricity

First, we’ll redraw the circuit to make sure we realized that the 5 and 8 Q resistor are
in series, but they in turn are in parallel to the 10 Q resistor. The parallel branch is
then series with both the 3 and 2 Q resistors.

1082
% ER 9]
l /\/\
” 202
12V
b. What is the voltage drop across the 8 Q resistor?

Example 3  Connect four 5Q resistors in such a way that their total resistance is 5 Q.
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Exercises
1. An electric circuit is illustrated below.
ANNVWWWA
R _
1 R1 =4Q
\ ANWWA—\WWWA § R2 =6Q
. . R R R
- ? 3 4 |RrRs=60
R4 =6Q
What is the equivalent resistance of this circuit?
2. An electric circuit is illustrated below.
R1= 150
Ry
11=2A
+1 R2 R3
- 1,=15A
Vo =90V

What is the value of resistor R3?

3. A series-parallel electric circuit is illustrated below.

L W
R1
Rp=150 R;=—200

L Ly

10Q 10Q

Find Rt

125



Material World: Electricity

A series-parallel electric circuit is illustrated below.

|
R, 50
Ve 12v Ri=30Q
R4 R3 100
200

What is the potential difference across the terminal of resistor R;?

A series-parallel electric is illustrated below.

75 Q
R, 05A
R, =750 R; =100Q
Vg ——
R4
50 Q

What is the intensity of the current flowing from the power source, I5?
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The following electric circuit consists of a power supply, five resistors (R, Ry,

Rs, R4 and Rs) and an ammeter®.
20 40Q 40 Q

“ T

The ammeter reads 0.25 A.

a. What is the potential difference (voltage), Vi, across the terminals of the
power supply?

b. What is the potential difference across R3?

C. What is the potential difference across R;?

d. What current flows through Rs?

An electric circuit is illustrated below.

R,
R, MQ
M\
20 30 7Q
R, R,

What is the current intensity, I, in resistors R, and R3?

The following electric circuit consists of a power source, five resistors (R, Rz, Rs,
R4 and Rs) and two ammeters @ and @
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R, R,
AW——WW
Ry 100 Ry
W W
50 20Q
&)—W
I,=075A R,
—®
L=15A

What is the potential difference (voltage) across the terminals of resistors R3?

9. The following circuit consists of a power source, two ammeters @ and@, a
voltmeter @ and three resistors (R, Rz and R3).

The total current intensity I, is 20 A. Current intensity s is 12 A. The potential
difference (voltage) V; across the terminals of resistor Ry is5 V.

What is the resistance of resistor R3?

10. A source with a potential difference of 30 V is connected to the circuit shown
below.
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|
What is the current intensity | across the circuit?
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11.  The following electrical circuit consists of a power source, four resistors (R1, Rz,
R3 and R4) and a voltmeter V4 (Vs = Viotal).

Ri=200

EVAVAVANEE

A

R2=1OQ R3:?)OQ

Ve=100V —/—

Ry=200

©
V,=60V

What is the current intensity (Is) through R3?

12. How can one 25 Q and two 100 Q resistors be connected so that their total
resistance is 75 Q?

13. How can four 1.0 Q resistors and one 2.0 Q combine to give a total resistance of
1.5Q7?

14. Four identical resistors are connected as shown. If the total voltage is 12V, find
the voltage across each resistor.

G G
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Material World: Electricity

19.  Magnetic Field Induced By a Current

If a strong enough current moves through a straight wire it will create a magnetic
field perpendicular to the direction of the current. The first left hand rule reveals
whether the compass direction along the circle would be clockwise or counter clockwise.
Notice that the thumb points in the direction of the electron flow.

ererft-sear.‘nqw;re, At
wire quh't Aﬂﬁl(’\f ?0 Caralboara{

dircchom eren‘t, I

S cl?r:ttK:A;Je 1\ convertional

_. magnetic feld conpo newdlle
(OI?PCv’mt'neol b)/ AM
compass d;recb‘on) ]

»
ne "overall I\foff'h or South

LEFT
HAND

elec‘tfm buft compass irechon can
¢ ‘F(U(A) be determined ot any po:f\r
(for conventimal/ around Wit , using le £f - hand

cwrent, I, use

rule and rememberine et
ri?»}\f ol mlx.) i, Clectfon -ﬂaw

Aicechnn of Feld ahjm el weth
oo»u(msJ §

Example 1  Draw the magnetic field in each case.

(+)

@ The X represents electrons moving into the
paper.
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B. Magnetic Field Induced By a Current in a Solenoid

y 4 ¢

When a solenoid is attached to a strong voltage source, an electromagnet .
can be created. Each of the circular magnetic field loops combine to .
create one overall field that resembles that of a bar magnet. The second A~

~

left-hand rule reveals the North end of the magnetic field. Notice that
the finger nails are pointing in the same direction as the electrons

¢ ¢ e ¢

Lo ng Con ductor waund M'to_ :
N a Coil With Many Loopy (&&naid}

C'Igd,m%w

.l'ndiwa'umf 'Majnc'i‘c
fields of Iosapf

Com bine “+to Crea'fe
oveall "N* and 5" g
similar T “thode

/@ of bar ”mmjmt»

e oI

Example 1  Draw what a compass would be behave like all along the magnetic field
shown in the diagram. Draw a compass at each position marked by a *

electron
flow

electron
flon»

C
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Example 2  Draw the magnetic field around the following electromagnets.

— |
— |
—

C. Draw a solenoid in which the wire from the (-) end first slips under the coil, and

then draw the magnetic field.

B. Factors Affecting Electromagnets
The magnet's strength increases by...

(2) increasing the current
(2) increasing the number of loops
(3) and by placing a ferromagnetic material inside the coil.

Example: Elaborate on each of the above 3 factors.

Exercises (exact or varied forms of ministry exam questions)
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1.

An electric current in a straight wire comes up through a sheet of paper. Four
compasses are placed on the paper at different points around the wire.

Electric current

comming out
of the paper

Which arrow on the diagram correctly shows the direction of the needle of the
compass at the location where it is placed?

The four diagrams below represent electromagnets connected to the terminals of a
battery.

®

) ®

c\
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w

- D

)
— |
|
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1
<V <V <V <V ‘lk/
+Ii- +Ii-
“‘\ A‘\ A‘\ l\: 4 ﬂl\ A‘\ A‘\ l\:
® [+ ] © ® | @
U——Y ——Y
-1 Lt -||+
|| II

In which diagrams are the magnetic poles of the electromagnet correctly
indicated? and
b.

Redraw diagram (A) with a correct magnetic field.

Electro-magnets are used in industry to attract metallic objects.

134



Material World: Electricity

The diagram shows an
electro-magnet with an
iron core.

V

SR

Which of the following changes would increase the strength of the electro-
magnet? (yes or no)

a. Increase the potential difference of the power supply._
b. Increase the temperature of the core.

c. Use a core made of copper instead of iron.

d. Increase the number of turns.

What does the magnetic field around a solenoid look like?

(=) > Wl
JIIN

" ) R
AN

A)
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5. The magnet in the diagram is constructed
from an iron core and a coil of wire connected to a ——
battery. When the switch is turned off, an electric 1] |
current circulates through the wire.

Which of the following diagrams correctly shows the magnetic field of this
electromagnet?

A) C)
S N
(1T [T
11 1]
+ +
= v] = v]
N S
B) D)
N
[ 1T
11]
+ +
— AA
S

6. Study the five diagrams below.

Which diagram(s) correctly show the relationship between a magnetic field and
the electric current producing it?

1. - 2. ~ 3.
B B 5
Legend : / /
(®electron flow "out of the paper" T

®electron flow "into the paper"

old
wl
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7. A solenoid connected to a battery is
placed between the north pole and the
south pole of a U-shaped magnet.

What effect does the magnet have on the
solenoid?

8. Two of the following diagrams correctly v

represent the magnetic field created by an @

electric current flowing through a ((_u

solenoid. (careful: the diagrams’ arrows are not

Q
=
/7\

(

representing electron flow but conventional
current which ran in the opposite direction)

2.@ : j

(-

Which two diagrams are they?

9. A copper wire with a current flowing
through it passes through a piece of
cardboard as shown in the diagram to the

Wire

right. Cardboard

+11

A magnetic compass is placed on the piece of cardboard ne
compass would be pointing if it was placed at the

a. 12 o clock position on top of the cardboard
b. 3 o clock position on top of the cardboard

ar the wire. Draw where the
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10.  Which of the following electromagnets produces the strongest magnetic field?

A) Wooden core C) Wooden core
AN NN AN N
C L0 (G —
I =3A | =10A
B) Iron core D) Iron core
e AN a W AN AN AN AN AN AY DN D O N O\ OO\ NN
dEEERRRERNG LU LLL LD
R AR~ v v v A v II:10A

I =5A

11.  Anelectric current flows through a solenoid.

Which diagram correctly illustrates the magnetic field produced by this solenoid?

C)

12.  Anelectric current flows through a straight wire and produces a magnetic field.

Which of the following diagrams correctly represents this magnetic field?

A B o) o,

+
— -

LR
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13.  The diagrams below illustrate a compass placed in magnetic field.

E@

2) % 4) ] +
(] |
-

Which diagrams show the compass needle pointing in the correct direction?
and

|| |+
PPN

14. A bar magnet is brought close to a current-bearing solenoid.

In which one of the following situations will there be repulsion?

A) a AN C) A A
CAJJ] Ols 1IN CAJd ] Ol I
+I'_ —T'|+_
B) O D)
C I 06 I CIIIIoETs
+I:— _I+
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