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I. SIMPLE CIRCUITS

2

A, Practical Tlectrical Units.

Yhen we talk of an electrical system, we use the terms ampere,
volt, and ohm.

P

The ampere ( A ) is & unit of current or rate of flow of
electricity.

The volt ( V ) is a unit of wotentiel
electronotive force (enf)

o,

lifference, or

The ohm (ga) 18 a measure of the resistance.
Chm

's law which states

where T is the electromotive force (emf) in volt

I Tthe current in smperse
R the resistance in ohm V
Another electrical unit, the coulomb ( ¢ ), is relzted %o
the ampere by the relationship :
1 ampere = 4 coulomb per second
Thus, we can say that the ampere is a rate of flow of electricity,
while the coulomb repre ts an anount of elesctricity

Twesmple 1. How much current 9?afq through a wi
ass a certain peint every hour ?

Current = coulomb/second = C/sec = 50.000 C/360
throu

Txample 2. What voltage will cause
resistance of 55 ohms ?
I

According to Ohm's law & =

S50

t=1
!
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B. Resistivity

The resistance of a conductor depends not only upon its
length but also upon its cross-sectional area.

The longer the conductor, the greater the resistance
the thicker the conductor, the less the resistance.

The resistance also depends upon the type of material being

used. That is, some materials are better conductors than others,
-all other conditions being the same.

b

e can relate resistance to these factors by the formula
-l
R = i

where R is the resistance of the conductor in ohm

¢ (rho) is the specific resistance of the substance
expressed in ohm per meter

b4 is the length in meter

A is the cross-sectional area 1n square meter.

IxXample 3. What is the resistance of 200 m of copper wire

. . - D
whose cross-sectional area is 5.0 x 10" % me

(¢ = 1.7 x 10 8nn meter)

5 - €€ =_Qq.7rx 10"80hm-m) (200m)
n :

= 0.68 ohm
5.0 x 1070 p2

Exemple 4. A tungsten filament 1.0 mm® in cross-sectional area
is 0.40m long.

If its resistance is 0.022 ohm, what is itg resistivity 2

First, we change the cross-sectional area to square meter

ﬂ.% mme = 1,0 x 10°° p<
Then, since R = éEQ g o= R4
_
B . - 2
. ohm 1.0 % 1 m -
o= 0.022 Q‘&@ m* Q 0 ) = 5.5 x 10 Sahmwm
H = 7 4 ' .

C. Resistance and Tenm erature

The resistance of a conductor depends not only upon its length
and cross-sectional area but also upon its temperature.

The resistance of most metals increases with increase in
temperature.
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This change is similar to that change in the length of a
substance as it is heated, or similar to the change in the
volume of a gas as it is heated. '

The resistance at any temperature can be calculated by
the formula

R=1R (1+ %)
where R is the resistance of the conductor atv temperature t©

Ro is the resistance of that conductor at 0° C

o the temperature coefficient of resistance of
- dee PO
> [

is
[ S o N
cine ance .

xample 5. The resistance of a copper wire at 0°C is 200 ohm.
Wnat 1s 1ts resistence at 60°C 7?7

d for copper is

4.0 % 1077

0°C

) -3 g?
R=1R(1 +t) = 2oo§2<4 + 4.0 x 10 7 x 60°C) = oug il
© ooC
Txamnple 6. The resistznce of a wire at 0°C is 25 ohm.
AT 100°C it is %6 ohm.
what is the temperature coefficient of resistance
of the material ?

Using the formula R = Ry (1 +o )
35 ohm = 259 (1 +d 100°C)
36 ohm = 254 + 253 x X x ’!O§Q°C
2500 °¢ = 368 ~ 258 = 443C
_ 11 ohm - -3
= 2To0g v0 T A0

7. Resistances in Series

when several resistances are connected in series, the total
resistance is equal to the sum of the individual resistances.

Thus R, = R, + R, + By + R%
H

total 2 3
B R,
Rtotal
T R3 34




The current in a series circuit is the same in all parts.
Thus, in the above circuit, the current flowing through R,

is the same as that flowing through R, RB R,

The voltage across all the resistances is equal to the sum
of the voltages across the individual resistances,

Thus, voltage across the total resistance equals voltage
across Rq + voltage across R2 + voltage acrozs RB + Voltage

Cross
a R4

Example 7. What is the total resistance in following circuit

20 ohms 10 ohms
R.. = 50 onms =8 ohms
T <
L 7 ohms 5 ohnms
AAAA MAA

Rp = 20 ohm + 10 ohm + 8 ohm + 7 ohm + 5 ohm = 59

k]

Example 8. If the enf applied to the above circuit is 4100 volt
‘ what is the current ?

We know E = IR and T = %
- 100 vV _
I = 50 = 2.0 A

Note : This current flows through all parts of the
series circuit.

Ixample 9. What is the voltage across each resistance in the
above circuit 2

The voltage across each resistance depends upon the size of
that resistance and also upon the amount of current flowing
through it.

Since voltage ¥ = IR we can calculat
acress each resistor.

]

the voltage (voltage drop)

For 20 ohm resistor, V = IR = 2.0 A x 20 ohm = 40 v
For 10 ohm resistor, Vv = IR = 2.0 A x 10 ohm = 20 v
For & ohm resistor, V = IR = 2.0 Ax 8 ohm = 16 v
For 7 ohm resistor, Vv = IR = 2.0 A x 7 ohm = 14 v
For 5 ohm resistor, V = IR = 2.0 A x 5 ohm = 10 v

1007V

We seevthat the total voltage across the circuit is equal to
the sum of the individual voltages across each resistance.
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Resistances in Parallel.

When resistors are connected in parallel, the reciprocal of
the total resistance is equal to the sum of the reciprocals of

the individual resgistanc

es,

L =E v e T Tt om et
L /[ L2 5 L!- L5
In a parallel set of resistors, the same emf is applied to
each resistor.
In a parallel set of resistors, the cum of the currents in

each branch is equal to the main current.

Txample 10. Three resistances of 20, 10 and 4 ohm are parallel.

what is the resistance of this combination ?

4 . 4,4 .4 24,4 ,a . 4,2 .5 .8
R R R R 20 10 4 20 20 = 20 20
1 2 3
R, = 42 = 2.5 ohm
Example 441. If the emf across the resistors in example 10 1is

10 volt.
what is the total current flowing

7

How much current flows through each resistor ?

Since the emf is -0 V and the total resistance is 2.5 ohm,

e total rrent
the © curre CLE_20T o,
R 2.5 R
5 g 10 ¥ _
Tor the 20 ohm resistor, I = >0 = 0.5 A
)
10 chm I = z% i = 1,0 4
ir
4 ohm [ 2.5 A
Total current £L,.0 A
We see that the sum of the currents in each branch is egual
to the current flowing through that combination.
mxample 12. What resistance must be placed in parallel with

a 10 ohm resistor to produce a combined resistance
of & ohm 7

5 R 2 1 0. 1
Using the formula : 5 = 5 * R 5 =95 * %
1 2 2
1 _ 1 1 4 1
R, = 8 -0 T 4D -~ - o T 40
R = 40 ohm



Ixample 1%, Given the following circuit.
Pind : -~ the total resistance
- the total current
- the voltage drop across each resistor
- the current through each branch

3 ohms
NAAN-

20 ohms

Voltis 10 ohms 555 ohms

10 ohms
WA

First, let us find the resistance of the parallel combination.

1 S -4, .2 2 -5
20 *tY A0t o T 20 Y20 Y20 T o

g

T4

-

]

Ifext, we consider the parallel combination as equivalent to
a 4 ohm resistor in the same circuit. ‘

Then, since all the resistors are in series, the total resis-—
tance is : ' ~

5 ohm + 5 ohm + 4 ohm = 12 ohm
‘ 3 okns

z 3 ohm = IR =5ix3 =15
5 ohm = 5A x5 = 25
the combination = 5A x4 = 20
To find the current flowing through each resistor, the Lotal
current (54) flows Through all pnarts of = Series circuit, so that
this must bethe current flowing through the 5 and 5 ohm resistor
and this must 21so be the total current flowing through the
combination.
¥or each resistor in the combination T = ~§}
- : C 20 v ; A
SO 1n the 2C ohm resistor T = 50 = 1,0 A

(20 V = IR drup across the combination)



in each of the 10 ohm resistors I = %%zg = 2.0 A

Thus the combination circuit becomes
I =1.0A + 2.0A + 2.0A = 5 A

Example 14. A battery having an emf of 24 volt and an internal
resistance of 4 ohm is connected to five 35 ohm
resistors in parallel.

Find : -~ the total resistance
- the total current
- the current through each resistor
— the terminal voltage of the battery while
it is delivering current.

™

24 volts | - - -
10 ohms L] 2Rms %5 35 35 35

ohms ohms ochms chms
| | |
a) resistance of the parallel combinetion,
1.4 .4, a a4 __5 __1
R 55 T 35 55 55 55 55 7
RT paral.comb. = 7 ohm

The total resistance equals the resistance of the parallel
combination plus that of the battery

RT = 7 ohm + 41 ohm = & ohm

- E P - e Z
b) The total current = 5 - EwW 2.0 A

¢) The current through each resistor.
Since all five resistances are the sane, —%~ of the total
current will flow through each, -

A
i

or,

X 3.0 A = 0.6 A through each registor.

d) The terminal voltage of the battery equals the emf minus
the IR drop due to the internal resistance.
The IR drop in the battery = 3 A x 1% = 5 V¥V 8o that
the termineal voltage is 24 V - 3V = 21 7V
Thus the actual IR drop across the parallel resistors is 24 V
Using this figure to find the current through each of the
branches, we have . B oq v

35 = 0.6 A

j=e}



-9 -

IT. ELECTRICAL POWER

As in mechanics, power is the rate of doing work.

In an electrical circuit, a certain amount of power is required
to drive a motor or to warm a heating unit,

The most common unit of electrical power is the watt (W), which
is equivalent to 1 joule/second.

Also, 1 watt is the power developed when a current of one
ampere flows through a resigtor with a potential difference of
one volt across it.

We can summarize the units as follows :
watt = volt x ampere = 1 va
1 watt = energy/time = 1 Jjoule/sec = qNm/sec

1000 watt = 1 kilowatt
746 watt = 4 HP (horsepower)
Since 1 ampere = 1 coulomb/sec ( 1 A = 1 C/sec ) and since
watt = joule/sec ( W= J/sec ), we can show that :

watt = volt x ampere = volt x coulomb/sec and
watt = joules/sec S0

Jjoule/sec = volt x coulomb/sec and

Jjoule J = volt x coulomb = V¢

TIT. HEAT ENERGY

When a current passes through a resistor, we can calculate the
ernergy used by means of the above formula :

watt = volt x ampere = VA = (E x T)
However, from Ohm's law, we know that :

T

B = IR

so that, watt = Ex T = TR x T = I°

R
which will tell us the amount of energy consumed by an elechtri-
cal device.

2

Next, since watt = e/sec Jjoule = W/sec = I“Rt (where

Joul
i* ]
t is the time in seconds.

We can convert this amount of energy from joule to kilocalorie -
by using the following conversion :

1 kecalorie = 4,186 x ?CB Joule
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Example n° 17 : An electric toaster draws &.00 ampere from a

115 volt line. How much power does it consume in watt and in
kcal/sec 2

watt W = volt V x ampere A = 115 V x 8 A = 920 W
To change watt to kcal/sec, we know that
W = joules/sec and also that
1 kecal = 4,186 x 105 J so
920 W = 920 J/sec = —=220 J/sec - 0.220
4.186 % 107 J/kcal  keoal/sec

Example n°2 : A motor draws 700 A from a 220 V line.

If efficiency is 91¢, how much horsepower does it produce ?
The power drawn by the motor is 100 A X 220 V = 22.000 Y
If 91¢ of this energy is available, tien the motor produces

. . 20.000 W
O e \ i — 7 Y T T e e o
o914 X 22,000 W 20.000 Y L5 /AP 25.7 HP
Example n®3% : How much power is used by a 5 ohm resistor if it

dravs 6 A7

Since power = IQR = (6 A)” x S ohms 180 W

Ixample n°4 : A heating element has a potential diffrence of

It

100 V across it and produces .500 kcal/sec.
What is its resistance 7

Tirst to change kcal/sec to W
kcal kcal

= , o : = cy 4.~ 0O T
. 500 Sec = . 500 sec X 4 o) Toal 20C0 Sec 2090 W
) W 2090 W
Elext s A = v» = /‘ OOTJ - 20 - 9 4[&.
o 2
Power = IR so 2090 W = (20.9 A)° x R
R = 2090 ¥ = 4.78 ohm

>
(20.94)"

However, we could have arrived at the same answer by another
method without finding the value of the current.

Since I = E/R
2

2 ol
:}H 3 L

Power = IR

ﬂ
ol
S
£
i

&

P
™ i

~y

L _ (100 v)g _ 4.8 ¢
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Example n°5 : A 110 V 15 A motor produces 1600 W.
What 1s its efficiency ?
How many kcal will be lost if the motor operates & hours 9

The power input of the motor = 110 V X 15 A = 1850 W
pfficiency = SUERME - J8GBM w400 - ooy

Power lost as heat = 1650 W - 1600 W = 50 W = 50 J/sec
50 J/sec = 20 J/sec = 1.19 x 107° keal/sec

4,186 x 107 J/keal

LS AR A

1.19 % ﬂo_gkoal/sec x 8hrs x 3600 sec/hr = %4% kcal

Ixample n°6 : A 3 ohm and a 6 ohm resistor are to be connected
to a 6 V battery. What is the wattage across each
resistor when they are connected in series and then in parallel ?

7
First, in series, the total R = 3 ohm + 6 ohm = 9ﬁ@
- E_ 8V _ 2
I = RT3 3 ampere
- - 128 22092 % 22 4 27
Power produced across 3% ohm resistor = IR —(%A) X Rl = 1.33 W
. EN
Power produced across 6 ohm resistor = IQR :(?A)“ X 6@ = 2.67 W
Total power produced = 4,00 W
T ; . 1.1, 2.2 . 1_2_1 4 _.
Next in parallel, R°- 3 tE=EtE=E " 5 R 2 ohm
_E_8V _ 2
: . 2 2 L@ .
Power produced across 3 ohm resistor = IR = (3A)° x 3i[ = 27 W
Power produced across & ohm resigtor = IQR = {EA}E pid 6Q = 54 W



1v. Flectrostaiics

1

Many substances, after being rubbed. show an attraction for lizht objects. When a piece of hard rubber is
rubbed with wool. it will attract small pleces of paper and other licht substances. This piace of rubber will repel
another piece which has been simila 1. ribbed. Next, if we rub a glass rod with silk and then brine it near the
rubber rod, we will notice an attraction between the two. This phenomenon indicates that there are tywo ty
of electricity, one positive and the other negative. Like charges will repel each other while

o

rm gl
%)
1%

opposite char
will attract.

A.COULOMB'S LAW

Coukom b proved that the force exerted by one charge on another charge varies directly as the product of the
charges and inversely as the square of the distance between them. This can be stated mathematically as:

1.7

kr?
where F'is the force of attraction or repulsion {in nt), 0, and Q. are the two charges (in coulombs), r is the dis-
tance betiween them (in m). and b is the dielectric constant which depends on the medium between the charges.

For a vacuum (or for air),
k= 1.11 X 10 coulomb?®/nt-m?

Exurrre No. 1. Two charges of +5.0 microcoulombs are .50 m anart in air. What is the force of re epuision between
them?

F o= QlQ'z (3.0 X 107% coul) (5.0 X 10-% coul)

Ert T (111 X 107% coul? /nt-m?) (50 m)* ot

Exasere No. 2. Two small pith balls are suspended one above the other at a distance of .050 m. The lower one has a
charge of +2.0 micromicrocoulombs and s mass of 2.5 X 10~ kg What must be the charge on the upper ball in order to
ift the lower one?

From Coulomb’s law, @, = (F£%)/Q. From Newton’s second law, F' = ma.
Combining these two formulas:

0 = maks? 25 X107 ke X 6.80 m/sect) {111 X 107 coul®/nt-m?) (050 m)?
' Qs 2.0 X 1072 coul

= 340 microcoulombs

which must be a negative charge in order to attract the other charge which is positive.
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Exayere No. 3. Three +350-microcoulomb charges are located on a meter stick at positions 0
tively. What force is exerted by the first two charges on the third? What is the force exert
ope in the middle? ‘

» 20, and .50 m, respec-
ed by the two end charges on the

+50 uCcouL +50 MCOUL +50 4couL
[ I ]
0 20 M 50 M

The charge at the 0 mark will exert a force of repulsion on the charge at the .30 m mark since the charges are alike.
This force will be

g @0 _ (30 X 1078 coul) (50 X 10~ coul) _ 90 nt
ket (111 X 1079 coul’/nt-m?) (30 m)?

Likewise, the charge at the .20-m mark will exert a force of repulsion on the charge at the .50-m mark. This force will be

F = Q:1Q: _ (30 X 107 coul) (30 X 10~ coul) = 930 nt
© Rt (L1 X 1077 coult/nt-m?) (30 myz |

The total force exerted on the charge at the .50-m mark will be 90 nt - 250 nt = 340 nt repulsion.
add the forces directly since they are acting in a straight line rather than at angles with each other.
Next, to calculate the force exerted on the center charge by the charge at the 0 mark, )

We note that we can

o @Qz _ (50 X 107% coul) (50 X 10~% coul) _ _
F = (111 X 107© coul?/nt-m?) (.90 m) 363 nt

This means that the charge at the 0 mark will exert a force of repulsion of 563 nt on the charge at the .20-m mark and
will act toward the right. We have already calculated that the charge on the .20-m mark is acted on by a force of 250 nt
by the charge at the .50-m mark, so that the charge at the .30-m mark will exert a force of repulsion of 230 nt on the charge-
at the .20-m mark, this force acting toward the left. Thus we have two linear forces acting on the charge at the .20-m
mark, one with a force of 563 nt acting toward the right and the other with a force of 250 nt acting toward the left. The
. resultant force will be the difference, or a net force of 313 nt acting toward the right.

Exurere No. 4. Three charges of —}3.0, —3.0, and +5.0 microcoulombs, respectively, are placed at the vertices of an
equilateral triangle ABC having sides .050 m long. What is the magnitude and the direction of the resultant force acting
- I M 3 .
on the -+35.0-microcoulomb charges C +50 y COUL

The force of repulsion between the -+ 3.0-microcoulomb charge and
the —5.0-microcoulorab charge can be sajsulated from

» 050 M 050 M
F = Q}Qg . (3(} ® 16— COUE} (SG < }{}A& C(}(il} - ,,4 ¢
- B T (LI1 X 107 coul’/nt-m?) (050 my ~ >+ ©
The force of attraction between the —38.0-microcoulomb charge and A OH0 M B
‘the +5.0 microcoulomb charge can also be caloulated to be 34 nt 4 3‘{3‘/;(501&}[_ —~3.0 yz COUL
(since the charges are the same except for sign, and the distance is
the same). ' 0
The --3.0-microcoulomb charge at 4 will exert a force of 54 nt on 54 NT
the charge at C along path CD. ' C
The —3.0-microcoulomb charge at B will exert a force of 54 nt on 54 NT

the charge at C along path CE. £

A B



To find the resultant of these forces, we complete the parallelogram of the forces and have the diagram at the right
with the resultant force acting along path CF.

- Triangle CEF is an equilateral triangle because it is similar to triangle ABC (given as an equi-
lateral triangle) since the sides of the two triangles are parallel to each other. Thus, since CEF is an
equilateral triangle, the resultant force CF is 54 nt in the indicated direction.

Exsxere No. 5. Two small objects have charges of 44 X 107% and —16 X 10~ coulombs,
- respectively. What is the force of attraction between them if they are .10 m apart in aird If the
objects are touched and then returned to their original position, what will be the force between them?

First, the force of attraction between the two objects is

Fe Q:Q: _ (4 X 107 coul) (16 X X 1073 eoul)
Tkt (111 X 107 coul?/nt-m?) (.10 m)?

= 58.2 0t A 8

Next, if the objects touch, the resultant charge will be —12 X 10~% coul (+4 X 1077 coul) + (~16 X 107 coul) with a
net charge of —6 X 107% coul on each. Then, the force between thern (repulsion since both charges are negative) is

P Q:Q: (6 X 107 coul) (6 X 107° coul)
TR T (111 X 1070 coul’/nt-m?) (.10 m)

= 32.7nt

B. FIELD INTENSITY

The space around a charged body is called the field of that body. The field intensity (F) is a vector quantity

and can be defined as the force acting on a unit charge at a distance r from a charge Q in a medium of dielectric
constant k, or

_ 0
E_kﬁ

If Q is in coulombs and r in meters, E will be in newtons per coulomb. By comparing this formula with
Coulomb’s law, we see that

, / : , 1Y F 0.0
Farg ser =00 ko000

We can rearrange this formula to show that F = EQ, or the force acting on a charge @ at a point where the
field intensity is E'is equal to QF.

Exsopre No. 6. What is the field intensity midway between a charge of 20 microcoulombs and & charge of —5.0
microcoulombs separated by a distance of .50 m?

. £ -
50 com,g S ! 5.0 coul

o
[l
H

If we select a point halfway between the two charges and assume a charge of 41 microcoulomb to be located there, it
will be repelled by the -+ 20-microcoulomb charge and attracted by the —5.0-microcoulomb charge.

G0 (20 X 10~* coul) (1 X 10 cosﬁ\

The force of repulsion = = {1 1T % 10°% coul®/mtm® (25 m)t = 291 nt to the right

, Q0 (5.0 X 107 coul) (@ X 10~ coul? .
The force of attraction = B T (LIT X 1078 coulf/mtmd) (25 m)? 73 nt to the right

so that the resultant force is 2.91 nt -+ .73 nt, or 3.64 nt to the right. The field intensity is F/Q and since we selected a
1-microcoulomb charge at the midpoint,

3.64 nt

The field intensity £ = T 107 ool

= 3.64 X 10° nt/coul



Examrere No. 7. What would be the force on a charge of +10 microcoulombs placed halfway between the charges in
example No. 62 ‘

Since F = EQ, F = 3.6 % 10% nt/coul X 10 X 10~ coul = 36.4 nt

Exsmpre No. 8. A force of 15 nt is required to hold a charge of 100 microcoulumbs at a certain point. What is the
field strength at that point?

Since £ = F/Q,

15 nt 15 nt )
- — — 1z 4
E 100 microcoulombs 100 X 10™* coul 15 X 10 nt/coul

C. POTENTIAL DIFFERENCE
The potential at any point, due to a charge, is the work done in bringing a unit positive charge from an infinite’
distance up to that point against the forces of the field. The potential at a point is given by the formula
_0
V= kr
where V is in volts when Q is in coulombs, k is in coul’,/nt-m?, and r is in meters

_Q coul _ nt-m _ joules
kr coull/nt-m? X m ~ coul ~ coul

= volts

The potential difference between two points is defined as the work required to transfer positive electricity

from one point to another. The work done in transferring a charge from one point to another point having a
potential difference of V is given by the formula

w }=‘ Qv
where W is in joules when Q is in coulombs and V in volts.

Note: Both pdtential and work are scalar quantities and, as such, depend only upon distancés and not upon
direction from charges. '

Exaypre No. 9. What is the potential .50 m from a charge of 200 microcoulormbs?
Since V = Q/’ ke

. 200 X 107 coul - s ol = 7
V= Gixiw coul/ntm?) (30 m) ~ 2 < 10° nt-m/coul = 7.2 X 10° volts

Exasere No. 10.  What is the potential difference midway between two charges 2.0 m apart if the charges are: (a) +1500
and -+1500 micromicrocoutombs; (b) 1500 and - 1500 micromicrocoulombs: {c} +1300 apd — 1000 micromicrocoulombs.

(27 Since both charges are the same, the potential will be twice that due to one charge.
Potential due to 41500 micromicrocoulomb cﬁarge = J/kr, s0

12
v 1500 X 107 coul

= = 13.6 nt- = ;
~ (1.1 X 107 coul?/nt-m?) (1.0 m) - 13.6 nt-m/coul = 13.6 volts

The potential difference due to the other +1500-micromicrocoulomb charge is th‘e same, so that the total potential at the
mid-point ig '

13.6 volts + 13.6 volts = 27.2 volts
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(b) The potentials due to the 1500-micromicrocoulomb charges are the same as above except that here one is positive
- and the other negative, so that the potential at the mid-point is

13.6 volts — 13.6 volts = 0§ volt

(¢} Here again the poten:tial due to the -+1500-micromicrocoulomb charge is 13.6 volts. The potential due to the
—1000-micromicrocoulomb charge is

—1000 X 10~ coul

V= T 1070 coul/abm®) (L0 m)

~6.09 volts

so that the potential at the mid-point = 13.6 volts — 9.09 volts = 4.5 volts.

. Exampre No. 11. What is the potential at point X which is equidistant from two charges of +4.0 and +5.0 micro-
coulombs and .30 m from the mid-point of the line joining them if the charges are .80 m apart?

Then, the total potential at X is the sum of the potentials
due to the separate charges.

Us‘mg the Pythagorean theofem, X

(XA = (XO)* 4+ (AC) = (.30 m)* + (40 m)? = .25 m? '

X4 = 50m ;
130 M

, A 40M C .40M B
Potential due to +4.0 microcoulomb charge = Q/kr = +4.0 MCOUL +5.0 UCOUL

- _ ,
(111 X 1L?)ﬂ°>§ot§l)ﬁ/ni?$3) (50 m) = 7.2 X 10* nt-m/coul = 7.2 X 10* volts

Potential due to +35.0-microcoulomb charge = Q/kr =

5.0 X 107 coul .
= -m/ = G, WU, 7Y
AT X 109 coul/atmr) (30m) ~ o0 ¢ 10 ntm/eoul = 9.0 X 107volis

Total Potential = 16.2 X 10% volts = 1.62 X 10° volts

Exawere No. 12, A dry cell has a potential difference of 1.5 volts between its terminals. How much work is required
to transfer 10.0 coul from one terminal to the other?

Again, W = QV = 10.0 coul X 1.5 volts, and since volts = joules/coul,
: W = 10.0 coul X 1.5 joules/coul = 15 joules

Exaypre No. 13, How much work is required to carry a charge of +-500 micromicrocoulombs from a point 20 m from
a charge of -+1000 micromicrocoulombs to a point 2.0 m from itd

Since work = charge X potential difference, we must find the potential difference between the two points.

At ’a point 20 m from the +1000 pgcoul charge, V = Q/kr =

+1000 X 1072 coul . .
(T X 105 coul/atm) (@0 ) ~ o at/eoul = 45 volt

at & point 2.0 m from the %EGS‘&;;&G&E charge, V = Q/kr =

- 41000 X 10722 coul
(11 X 107 coul?/nt-m?) (2.0 m)

=45 nt/coul = 4.5 volts

Therefore, the potentiai difference between these two points is
4.5 volts — .45 volt = 4.05 volts
Then, work = QV = 4500 gpcoul X 4.05 volts =

500 X 1077 coul X 4.05 joules/coud = 2.0 X 1077 joule
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v. METERS

The Galvanometer

The most commonly used galvanometer consigts of a coil pivoted between
the poles of a magnet.

When 2 current flows through the coil, it is deflected and moves a pointer
connected to it.

The pointer moves across a scale, and the amount of deflection on the
scale is proporticnal to the amount of current flowing through the coil.

The motion of the coil is opposed by a spring which returns the coil and
the pointer to the original position when the current is shut off.

The Voltmeter

A voltmeter is simply a galvanometer with a resistance connected in series
with its coil.

The deflection is proportional to the applied voltage and inversely pro-
portional to the resistance of the coil and the additional resistor.

By selecting the proper size external resistor, we can make the pointer
indicate the applied voltage. In general, a voltmeter has a very high external
resistance connected toc it.

A voltmeter is always connected in parallel with the resistance across
which the voltage is to be measured.

GALVANOMETER YOLTMETER AMMETER
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The Ammeter

An ammeter is simply a galvanometer with a by-pass resistor connected in
parallel with the coil.

As with a voltmeter, the reistance of the by-pass may be selected so that
the reading on the scale is equal to the total current in the circuit.

In general the by-pass resistor, or the shunt, has a very low resistance,
g0 that the amount of current flowing through the coil is very small compared
to that through the shunt itself. (In the case of the voltmeter, the high
resistance connected in series also serves to limit the current flowing through
the coil).

An ammeter is always connected in series with the current to be measured.

Example No. 1 : A galvanometer coil has a resistance of 30.0 ohms. A current
of 0.050 amp. gives a full scale deflection. What external
resistance must be connected in series with the coil so that
its range will be 100 volts?

Since the voltage applied will be 100 volts (or less), and
since the maximum current is 0.050 amp., we can find the total
resistance by applying Ohm's law. So,

R = V/I = 100 voclts/0/050 amp = 2000 ohms

However, this 1s the total resistance to be connected to the
100 volt source. The coil itself has a resistance of 30 ohms,
so that the additional resistance must be 2000 -~ 36 or 1970 cohm.

Example No. 2 A galvanometer coil has a resistance of 25 ohm. A current of
1004 causes a full - scale deflection.

What size shunt is reguired to convert t%zs za ivan@ er Lo an ammeter
urrent o ’

which willirdicate full-gscaledeflection for a

current through the coil is.100A, the rest of the current must

Since the
the shunt.

flow through
Thus the current through the is 5.00A -.100A, or 4.90A.

The shunt and the coil are connected in parallel, so that the voltage drop
across each 1s the same. Thus,
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V . IR o=
“across coil 1k = 0.7 A x 25 ohm

285 CHMS

Eacross shunt = IR = 4,9 A x R

Equating this two, we have :
0.7 A x 25 ohm = 4,9 A x R

0.1 A X 25 ohm
R = O A = 0.517 ohm

Example No. 3 : An ammeter has a resistance of .0020 ohm and reads 1 milli-
ampere (mA) per scale division.

What size resistance must be connected as an additional shunt so that the
scale will read 20 mA per division?

Since there will be 20 mA through the circuit and only 1 mA will go through
the ammeter there must be 19 mA flowing through the additional shunt.

Then as above, the voltage across the ammeter and the shunt are the same
since they are in parallel, and thus their IR drops are the same. So.
Potential drop across ammeter = potential drop across shunt

1 mA x .0020 ohm 19mA x R
R= T mA x .0020 ohm = .000105 ohm

19 mA
Note : It was not necessary to convert milliamperes to amperes since the units
cancelled.
Example No. 4 : A voltmeter has a resistance of 5000 ohm and registers 10 volt

per scale division.

What size resistor must be connected to this meter to make it read 100 volt
per division?

To increase the range of the meter we must connect a resistor in series with
When. they are connected as shown in the diagram, there will be a potentisl

drop of 10 volt across the voltmeter and a potential drop of 90 volt across the
other resistor to give a total drop of 100 volt across the circuit.

Next, since both the meter and the resistor are connected in series, the
same current flows through each.
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Thﬁs we can say that: ' 10 VOLTS -~
20 . VOLTS
= IR = I x 5000 ohm = 1QV

E
across meter

E IR = 90 V

across resistor

solving for the currents in each case,

_ 10 90 100 VOLTS - - ..o ..
I = 3656 and I = FE
equating these, since the current is the same,
10 _ _S¢ 5 . 80 x 5000 _

Thus, a 45000 ohm resistor should be connected in series with
the voltmeter to increase the range from 10 V division to

100 V division.

Zxample n°5., An ammeter has a resistance of 0.1 ohm and its
shunt has a resisvance of 0.00005 ohm.

What current will flow through the meter when the total
current is 2.00 A ?

If we call the current through the meter T, then the current
through the shunt will be 2.00 A - T

lext, since they are connected in parallel, the potential
drop across each is the same, so thet the IR are equal.

Thus, IR (meter) TR (shunt) 0.ICO OHMS.

i

I x 0.100 = (2.00 - I) x 0.00005
0.1001 = 0.0001 - 0.00005 T
0.100005 I = 0.0004 1
_ 0.0001 o
I = g 70005 = ©-0009995

200
T = O 004 A
T 0.001 A AMP§>AQAVA
0.000050 oHmMs
Ixemple n® 6. An ammeter of negligible resistance is connected
as shown in the diagram.

What current will
connected across the !

fts

indicat s
ch e

when a 1000 ohm voltmeter
m re 5 7

O et

N e

0
What will be the current if a 20,000 ohm voltmeter is used ?
When the 1000 ohm voltmeter is used, there are two resistors

in parallel : a 500 ohm and a 1000 ohm one.

Their combined resistance in parallel can be found by

R 500 T 7000 7000 7000 7000
R = 1990 333 ohp

2
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. B _J0vV _
Then, I = R T 3339 ° 0.3 A

When the 20,000 ohm meter is used,

Ao 4, A _80 . 1 o4
R 500 000 20,000 20,000 20,000

R = 25900 o 4aq onn

__E _ 10V -
T 5~ = TP opm = 0.0205 A

Note : The current should have been ~%~ or 5%%-%HE = 0.2 A
We could have obtained a more correct reading by using

a higher resistance voltmeter.
10 VOLTS
h__*“%km

(Da

SC0 OHMS

AN~

@
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APPLIED MECHANICS

HYDRAULIC SWING ARM DIE CUTTING MACHINE

1. The Machine

This machine is a hydraulicaly operated-electrically
actuated press, designed to cut leather between *he
stationary anvil and the movable press.

1. Main Switch 4, Dial Disk
2. ®lec.Control box 5. Fush Button Handle v
3, Motor and Hydrau- 6. Double acting Cylinder

lic Equipment
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2. QOperation

The operation of this machine is very simple, because only
one push-button must be pressed for stroke lengths up to

12 mm  Two push-buttons are required for stroke lengths
between 15 to 50 mm

dydraulic stroke length and daylight Adjustment

indicator

dial knok for
line

setting the
lowest point
of stroke

dial disk for
stroke length

:f Fed ' Tk ‘ +’

The dial disk is for the stroke length and 2 knob for
setting the lowest point of stroke.

‘ote: Both controls should be operated only when the motor is running.

The length of stroke is set by pulling out and rotating the stroke dial

disk to match the stroke length markings on the disk with the indicator

line on the disk houéing. Then release the disk to engage the detent

mgchanism. The swing arm can be moved up or down accordingly.

The daylight and the lowest point of stroke is set on the right hand

di@l knob. Counter-clockwise rotation will lower, and clockwise rotation
will raise the swing arm. With this adjustment,
stroke can be set within 1/10 mm.

as the knob is rotated.

the lowest point of

The swing arm will move up or down
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Precautions: The daylight at the lowest point of stroke must always be

adjusted from "up to down' - meaning that for resetting
when changing from a shallow to a high die the lowest
point of the sking arm must alwayaybe higher than the die,
to Be lowered gradually ﬁntil the arm makes contact with
the dies.

Machine Specifications:

Model .. 8L
Cutting force : 18,000 kp
Motor : 2.2 kU
| ,~__~.-,“AM¢W
| { T
Gounter l |
Balance
Valve ! ! Double
| l e Acting
i ‘ Cylinder
e
A ! TIITIT? !
L/3 - Way Valve r l
e 1
Pressure Throttle
Limit Valve
LUWLT
Valve Hydrfaulic
Pump
otor Motor
" Contoller
0il Reservoir AC Power

Figure 3: Hydraulic Diagram



