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ANSWER  #6.

0
(80

Define: Instanteneous value,
Instantane
the valius

syclees The

h
W Lo D

r &V Ay

ch by kg H

[

2 ; 1 i
crder Lo shs o state 1t
for a giver it will bhe

gregter or

Give ilzebrsic Sywmbols snd ZEquations for computing
instantansous values ¢f IMF =nd instasntanecus value of
current.

When the owz the simne wave, the egquation
for findi ntaneeus value of volbage in an
alternst s ag follows:

o =

hers =
pod . :
And for current: |
Lo Im 3in
|
|
Whera I = ingtantansous current.
I% = maximum current.
¢ = 2leetrical snzle (in dszreezl.

Compute by two methods for instasntaneous value of emf
when msxiznum value is 600 volts at 65°,

Tormuls : s = TN Sin ¢
Substituting: e = 600 x 906 (3y =2custion)

Ay
L

543,58 voltae Ans,

e: 5433V
o
R
<
b
[¢)
o
o]
3




CUTSTION #7. Define Average value of sn Alternating Currente. \

ANSWTIR #7. The aversze value of sn zlterns surrant iz the
averaze of <11 instsnbtansous regardless of wignd
If the sverage was found, ts o gongideratien
the signe, the result Wu*ld since the nega-
tive waluss sre exuctly eguai b 1@ posSitive valuese
But the =igne only indlcaticn the direction of curremnt
flow, so, if the avsrage wse computed it would be fowmd
to be 00637 times the mexinum value:
Bav DeB37 Tim
{ and
8V ~
Where:
E«ml&hm voltage
Maximum current
Constant,
The aversge value is very seldom used, It ig umed only

s

te computbte the wmaximum value.
TUBSTION #8, Define Effective value of an Alternsting Current,
ANSWER  78. Alternating current is rated by its effective value,

(=Y
81l meters in an slternating ourrent circult reszgi
effactive values, A standard ampere in direct current

ig the current trot will dew**lt g certsin smount of
gilver in s certaln tire, arnating cuarrent
weuld depssit silver the tf of the eyele and
tske it off when the T r , S0, it is nec~
egzary Lc rate alternati % the hest that 1
#ill produce, It is rated i smperes and ig Lound to
be elizghtly zrester than the aversge value, tsing
Q6707 tvimes the maximum velue:

I .y TRV TRy
B oa Uedud Im

I = 2,707 1o
iharas o= fective voltage
I = feotivs current
Sz wimum v MES‘:
= i b
= S

The reasson the effective valus iz elizhtly wreater

( bhan the average value i3 that the effective wvslue is
the sgudrs root ¢f the average of the sguares of the
4 - P qn - "t P T -4 2 P o 2 'y 9
instantancous velues, while the sverags value iz merel)
the sverazs of the instartanecus vsluee,

§ TUESTICN #9. Compute fer maximum vslue of currente. & lamp which tak.

es sn zlternating current of C.45 smpere,
ANSWER  #9. Formula: T = 0,707 T
Treansposing: Im = _L__
Ge 707
ahstitubing: CeiB m 63649 amperes. S
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"UT3TICON #18e Compute by

UTSTION #17e What are the

e

#17e Pormulas for lesding currenb:

= Im Sin {§ plugs =)
= - . 3 : 2 F
¢ rhase sngle of volitazge in dsgzrees,
n I ) 2 R T 1 A . we L% o S
= diffsreince in phsse between B and

vector: The angle of lead of current

25%, Maximum current is 40 smreres. What is the

rent vzlue when the voltage is at the 35° point?®

T

& T ™
A all

| €0

¢

372 Amps.
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ANBWER  #19. Inductive rasc g the cause of a laggziv an
B in an sltsrunad rante Lenz's Law talls t
in slactric « t contsining inductance nf
wi induced, dirsctlion of which will oppose
any change in the fisld whieh produced it, The curreni
in an siternating current clreult is countinus l’y chave
ging 8o thers is ays g f induced which will op~
nese this contin cha; #hen the currern '
the indueed snf 8 rige and the on
oS n the of emf divided by
refors o nt rize Lskes p
. ias in Py 1d the saps whe
1ling i on of the ¢ ¢
LPposSes taudf to b
of current grezt aq pﬁf 1@1 would
duse S0 1t is ae cx reut will lag bwehind
! ¢

e Fs h ut the a2utire gyclee
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"URSTION #20,. Compute: The maximum value of the eunrrent in an AC
circuit containing inductsnce only is £6 amperes. The
aversge value of the voltage is 119 volts, What is
the Induetive Reactance?

-
o Qg}l T 32 ___.__”43 7
3BT TR Lo "1 o Ve | — L=
ANSWER #80, Formulac: il = = 4 YT
. , S5y
P

ii

Jubstitatinge {1 =

an

e
B =

SUZSTICN #21, Whet is inductive resctance? What is always the rhase
angle of current through inductivs reactance only?

ANSWER  #21e Inductive s nes is the opp ared tc the
flow of slts ing eurrent by an cee I 18
zeasured in ohms, & hae gn effsc susing the
currart to lag btehind the wvolbagse. In s circuit cone
vbaining ivductance only (registsnes nsgligible) the
rhase angle of the current will always he 90° behinad
the voltages This is necgause the ¢uly voltasge necas-
sary is that requ~ired to coverceme the induced emf,
The induceld emf would be greataast when ths eurrent
was changing at the fastest rats. e current is chsali-
ging nmost rapidly when 1% 1s passing through the zero
value therafore the veltaze i1a st ibte zres er
the current is zero, Jince the voltage att: g
maximum at & phase angle of 90° the curren
zero st the 90° angle, The voltage iz leas
current i changing st Lts lowszt rate, By i
a gine wave of current, it is geen that this
wpen the current hags g meximum velue, so the
would be zero when the current is maximuwne 3
current reaches its maxinmum at 180¢ {The vol
at gero at 180°) it 13 seen that ¢ 7
20° Lehind the volt thrucout the y
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angle of current through capacitive reactsnce only?

frecuency of 500 cycles.
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JUBSTION #26. Three condensers of 10, 20, snd 40 mf nacitance \§
respectively are placed in psrsllel acroww a 25 cycle
ic circuit, of 200 volts. What is the maximum current
in the circuit? Whst would the current in the circuit
be igs the first snd third condensers were hooked in
geries?

3

. .
The caps ned in narallel is
A o B ¢ 3 R Y %
;hﬁ s gaparate coundensasm
SIS IR R 2 TS e P 83 4
;o® oy oplus Co olug O and stce
Tteg - %
o ¥ P T gy owe il i 7 W o
Formula s I o= == ; Ta = 3 % le4ld § Mo Somm—s |
AL e 3 1
- . T Ledld w Zpiowm f o w O
therefors: Tir om ]
LA o % AT A o i, > Xal 5 e IATETaTAY
o 200 w le4ld w 5,28 = 25 x o IUO7
BAPSEINE = \
i
A - Ll &
Tmom J3,.108007 . ANS
1 AR ~ 0
The reciprocal uw the rapacibtance conden-
: . ¥ N g 13
sars in series s2quals the swwe of the reciprocals of
B n 2 et g o -
the ca ;*aitanceh of the separate condenaers.

1 1
B o . e A
= F = pius 23Ce
[ i
. -
Ty yernge e T =2y s @
sripulae » o $ }Lc © & )
¥ “ Wy iy
FEaA: Sv 1
vy BN L) s ¥ - %
v o2 B¥ 2pix fx U
el Y
i
T PN - e s
T iwnt B Dead X 2»3 X @U:}‘j'\,’:}“
£ e -
[ OETAR e A
LR gt DLUD gune Se NS

-

SJUTSTION #27. How does inductive reactance and capacitive reactsance
vary with changes in frecuency?

i276 3ince Hhe value of au inductive reactarnce in chms is
agual to Zpl times the freguency times the inductance
it is seen that the inductive rescltance will increase
in direc¢t proporticn to sn incresse in freguencye The
value of cspacitive reactance in ohms is egual to the
reciprocal of 2pl times the frequenuy Ltimeg the capa-
citanece, so, it 1z evident that sn incrsase in fre-
guency will decresse the capacitive rsactovee and
vice varss, so, capscitive ?333taﬂce varies inversely

g8 the fra;xency.

2UBSTION #28. What is reactsnce? Show symbols snd express by an
eguation.

ATSWER #8284 See next sheete




CUTSTION #2829,

TUZSTION

cnbinued, 3

Reactance iz the tobal opnosidy 1um offerad 4o n flow
of siherwaflng surrent dua s; the inductance and
: & ¢ircuit. Reactarice is axprsasszed in

Y re”istgﬁce, hut this ocpwosition entails
o loss of energy becsuse 1t 18 due $0 8 counter prese
gure and is net analogous to frictione IJince the ine
dgugtive reactance rzroduces an opposition which is
fust the ravarse of that produced by cggaﬂltlve ress=
Sance they tend to neutralize each ¢ther. The combine
gd effect iz the slzehrsic differernce between them,

X = 21 = Xo
iWhere: ¥ = ysactance in chi,

¥l = induvetive rssctance in uh$s.

¢ = cavazitive resctziice in ohms.

aitive, the resultant cffacth is
cauging the current bto lage. IT
ve the affsct i thst of carzei-
urr&aﬁ L0 lead. Although, the
ctance in ohms, not infuective
ve rrevails, or capacitive resce-

avails,. .

2pi £ C

Whst is the resctance of a circuit containing 12 ohms
induetive reactance 1in series with 15 chms capscit-
ive resctsnece?

Tormula s T m Al - Xg
¥ = 12 -~ 15

T & =3 0hm8.ANS,
.

This indicates that the result is 3 chms rsactsnce,
which will produee sn 2¥fsct of capacitance, that Lg,
will cause the current to leasd the veltage.

Yhat is the resctance of s 00 cycle AC circuit con-
taining 10 mf cspacitance in series with 0.6 henry
Lnductsnce? What current would flow in the circuit if
voltsze was 120 volts? Draw vector disgram and deter-
mine the "lu ¢f current when voltsge is st the 310°
voint.

ki
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fcm= ] ohm.

(0 ohormsr,

10
Scale: )cm: 10hm.

Sc.aJe

n
’?:
/0‘;(5_

R= 10 ohme.
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736

%500

737

What ig the General Lha for Alternating current cir-:
cuitse 3Show symbols snéd egustionse.

The Genersl nt cireuits is
aa f@ll WS n alternating
raend cirve of the voltage
a*vxﬁe& by b ident when wne
TED et >obal opposition

. s M- oy o
er [ = S8 o
T e
SE R [
{0 =
%

#hat current flows in an AC circuit if 120 voltes is
spplied to ¢ ohms imredsnce?

3
Pormulazs I ==

S0 amMpAaYes. ANS.

=
wa

Yhat voltsge would be reguired to force 7 amneres
through 8 ohms imredance®

- g
Formula: I ==
Transpesing: H = I3
Substitufing: Z = 7 ¥ 8
T = 56 voitse A4S,

Compute by ecustion: Whst ig the impedsnce in s ser=-
ies circuit contsining 30 ohms induetive resctence,
35 ohms carscitive resctance and 16 chms res iqtance9
Draw the circuit.

Formuls:s g = Vﬁx nlus (X1 =~ KQ)E

3@

’Jl

Substitubing: 72 = ¥lo= plug (20 - 3

3
4
-

: foEs
L B ¢ 230

g:&‘ ¢~8
Z = 10.76 ohiiSe ANSe




123
CETETTAY g fal [ T
AER #3%7. Continued,

s
Tt
pri
Lz}

slterneting Current circeuilb cont. Lo Tooiuative
Reactancs, Capacitive Resctance, ol leslstance in
garieg,

TUESTICN £38. Compute by vactor: & 60 cycle, 110 volt, iC circuit
has o0 ohms resistasnce in series with 0.03 henry in-
dnetsnce and 30 mf caracity. Tind impedance snd cur-
rent, What wouild be the imrnedance if the freguency
were reduced to 25 cycles snd the canacitance left
out of the circuit?

>

5
o
s
L 3

Al ian) / P - s - T2 i oy " .
AV IWT F lefore zomputi by vecter diagranm for impedance, it
oy g —_——— - - PPN - - fy Y 2 . $s 3
ig necessary to compute resctance hy agustion:

s = [ o pen
s.“).}. - .,..gb”w”{;’. b},'lgu
v w M

Leti

s - sl
'w y WY = A1V
B B e i e P 3 i
- e o,
e 4 3
“r v 4 NV
SIS TR Y T U}ihis’éc
o wn e
«: ns ":l oo 2““

W om 7715 ohimite

(Sse next sheet for vector)
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R: &0 ohms

7’

iyl
]
I =7 .
4 SCK?C.' ISMicimeTens =
- /0 ohms.
113
T ap ee——
e 3T
f @
T = 1,123 smrarace AnSe

sueyo 9L ‘/Y

&

snd the capscitance laft cubt of the ¢
the inductive rsesctarncs would bhes

If the freguency werz reduced Lo E5 eyel
ir

XY = Zpil £ L

#

Xl = 028 = 25 % LU0

Ans.,
= 60-2— ,ﬁ,”u»
= Scale: lcm. =5 ohms. fDd Xes 4.7/ ohms

R= 60 ohms.
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SUESTION #39,

ANSWER

#39.

SUESTION #40.

ANSWER

#40.

* QUESTION #41l.

ANSWER

#41,

‘diagram we draw a vertical line upwards (upwards for

What is the relation of the total current through a 6 -
geries circuit to the current through each part?® g§%g

The current through each part of a series circuit of
an alternating current circuit is the same as the cur
rent flowing throughout. This is exsctly the same as
in direct current.

What is the relation of the total voltage drop to the
voltage drops across the various parts of a series

circuit®

It is remembered that the total voltage in a series
direet current circuit, is the algebraic sum of the
voltage drops across each part of the circuite. This
is evident when we consider that the voltage flowing
in a ceircuit depends on the opposition offered to the
flow of current and to the current flowinge. And that
the current is always in phase with the voltage be-
cause there is no reactance in a direct current cir-
cuite But in an alternating current circuit the indue-
tive reactance causes the current to lag 90° behind
the voltage and capacitive reactance causes the cur-
rent to lead the voltage by 90° , so a voltage forc-
ing a current through reactance, is acting at right
angles to a voltage forcing a current through resis-
tance, so it is seen that these two forces acting at
right angles to each cannot be added algebraically.But
if we find their vector sum we have the total voltage
drop across the circuit, which makes apparent the rule
The voltage across a series combination equals the
vector sum of the voltages across the separate partse

What is meant by Vector Sum?

The length of the hypotenuse of a right triangle is
the vector sum of the lengths of the altitude and the
base, For instance if we wish to find the vector sum
of a voltage drop across an inductive reactance and

a voltage drop across a resistance, we draw a hori-
zontal line to any scale representing the voltage drop
across the resistance (which is E = IR), then from the
left end of this horizontal line or at ﬁhe intersect-
ion of the horizontal and vertical axes of the vector

induetive reactance and downwards for capacitive reac-
tance) to the same scale as used to represent the vole-
tage drop across the resistance, this time to repres
the voltage drop across the reactance ( which is E=IX1)
a perfect rectangle is then completed from the end of
the IR line and from the end of the IX1l line, then a
diagonal line drawn from the intersection on the base
line to the opposite corner of the rectangle will rc-
present the voltage drop across the resistance and the]
reactance, or the voltage drop across the impedance |
(which is E = IZ), The divergence of this IZ line from
the base line (IR line) will represent the angle of
the voltage when the current is zero (The IR line re=-
presenting the phase angle of the current, the current
always being in phase with the resistance. This shows
that the phase difference of a current flowing throuth

#

reactance and resistance is always less than 90°, A



QUESTION #42, The following pieces are hooked in series in an. Ae N

ANSWER

#424

5,

circuit. An inductive rsgotsnce, capacitive rsaetsnce
and resistance. The voltage drop across the inductive
reactsnce is 15 volts, across the capacitive reactance
35 volts and 15 volts across the resistance, What is
the vector sum of the voltage drops?

Computing by equation: Since the hypotenuse of a right
triangle equals the square root of the sum of the squ-
ares of the base and the altitude, and, since the res-
istance is represented by the base, and the reactance
by the altitude, the impedance may be found by this
same equation, or, better we can represent the voltage
drop across the resistance by the base line and the
voltage drop across the reactance by the altitude,then
the hypotenuse will represent the voltage drop across
the entire circuit:

E =/Ed < plus Edz®

E = ¥Edp* plus (Edyy = Edgs)e |
E = /152 plus (15 - 35)° |
E = /225 plus 400

2 6o 0 O
E =/ 6'25.,00700
E = 25 voltse Ans,

Computing by vector:




QUESTION #43.,

ANSWER

£2

#43,

QUBESTICN #44.

ANSWER

144,

Howwis-fhe‘phése difference in a series circuit com? X
puted by equation when the values of the reactance and
resistance are known?

Trigonometry tells us that, when the length of the
ad jacent side and the length of the opposite side are
known and the angle is desired, divide the opposite
side by the adjacent side and the result will be the
tangent of the angle, look the tangent up in a table
of tangents and the desired degree of angle will be
found, Since the Reactance is represented by the op-
posite side and the resistance by the adjacent side
of a right triangle we need only divide the reactance
bi the resistance to find the fhase difference between
the voltage and the current, since we always represent
the current as being in phase with the resistance and
the veltage in phase with the impedance,
a . X

Formulae: Tan A = 3 §

Where: opposite side of right triangle.
ad jacent side of right triangle,
Reactance.

Resistance,

a
b
X
R

If the Capacitive Reactance prevails and the Reactance
line is drawn downward from the base line, the phase
difference represents the current as leading the vol-
tage by that amount, If the Ipnductive Reactance pre-
vails and the Reactance line is drawn upward from the
base line, the phase difference represents the current
as lagging the voltage by that amount, rotation being
counter clockwise in the veector diagram,

A 60 cyele, AC circuit, consists of the following piec-

es:

(1) An inductance coil of 9 ohms inductive reactance
and 8.2 ohms resistance,

(2) A capacitive reactance of 2.5 ohms,

(3) A 0,03 henry inductance coil with 0.4 ohms resis=-
tanca,

(4) A 12 microfarad condenser,

(5) An inductive reactance of 10 ohms with 40 ohms re-
sistangce,

Find the voltage drop across the condenser if 2,5 amp~

eres is flowing in the circuit, Find the total voltage

drop across the combinstion, What is the impedance of

the circuit? (Compute for phase difference and for im=-

pedance by vector).

X1 across (3) = 2pi £ L
X1l = 6.28 x 60 x .03 = 11,304 ohms,
Total X1 = 9 plus 11,304 plus 10 = 30,304 ohms,

1000000
6.28 ¥ 60 x 12

Xe across (4) < 221.66 ohms.

Total Xe = 245 plus 221,66 = 223,66 ohms
(continued on next sheet)
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ANSWER #44. Continued, . %

Total R

8.2 plus 0.4 plus 40 = 48,6 ohms,
X = X1 - Xe

X = 30,304 - 223,667

X = 193,363 ohms (capacitive effect).

Ed = IXec

Ed 2.5 x 221,16

Ed 5529 volts, Ans,.

Computing by vector for impedance and phase differenceé

R: Hﬂ-b Ohm

.

o&fﬁ 3 &

Dueyo £Pg 4l < X
2Z
% hbl

Ve

By vector, impedance = 199.4 ohms, Ans.
By vector, phase
difference= 75,8° (current leading)Ans,

Total voltage drop across
the combination:

E =12
E = 2.5 X 199.4
E = 498.,5 voltse. Ans.

{

1

i

|
,
|

Scale: lem =20 ohms.

Ti



SUESTION #45, When is a series circuit said to be in resonance? !

ANSWER

ZUESTION #46, What impedance does a series circuit offer to the cur-

ANSWER

#45, In an alternating current circuit, when the capacitive|

#46.

QUESTION #47,

ANSWER

747

s

\

reactance is equal to the inductive reactance, the cir.
cuit is said to be in resonance. That is, the reactance
is zero and a maximum current will flow. An increase
in frequency will decrease capacitive reactance and
increase inductive reactance, therefore a circuit which;
is resonant (that is, offers least impedance) to one
frequency will offer high impedance to a voltage of
another frequency.

rent when it is in resonance?

When a series alternating current is in resonance it
will offer the least impedance to the flow of current.
That is, it will allow a maximum current to flow. A
combination of resistance and reactance will offer more
opposition to the flow of current than will resistance
alone, and, since inductive reactance has an opposite
effect than capacitive reactance, one will neutralize
the other, so, if the inductive reactance and the capas
citive reactance balance each other the resulting rea=
ctance will be zero and the impedance of the circuit
will be the resistance, '

A series circuit has an inductance of 0.04 henry and a
resistance of 2.5 ohms, How much capacitance must be
added to produce resonance at 500 cycles per second?
After the capacitance has been added to the circuit,
how much more impedance will the circuit offer to im=-
pulses of a frequency of 200 cycles per second than to
impulses of 500 cycles per second?

Formula: X1
X1
X1l = 1256 ohms,

2pi £ L
6.28 ¥ 500 x (04

For resonance: X1 = Xe

1000000

2pi £ C

1000000

2pi £ C

2pi £ L

_ 1000000 < 1

0= Spi £ C "~ 2pi £ L

1000000

2p12 b4 fzix LxC

Therefore: 2pi £ L =

Transposing: 0

Multiplying: 0

Moving "C" to left 1000000 _
side of equation: c 2p12'x £2 ¢ 1,

(Continued on next sheet) o
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ANSWER #47. Continued,

Square footing both

gsides of equation: VE =

Squaring both sides

of equation: C =

Substituting: C

c
C

gy a— — — —

1000

2pi x £ x T

1000 2

2pix £ x VL

)
)
)

2

1000 . ;
6428 x 500 x V+0% )

(1.5921) 2
253478241 microfarads.Ans

The circuit would be resonant if this amount of capacid
tance were added to the circuit, Since the circuit is
resonant, the capacitive reactance equals the inductiv
reactance. Therefore the resulting reactance is zero
and the impedance of the circuit is equal to the resis

tance: 2.5 ohms,

At a frequency of 200 cycles:
X1 = 6,288 x 200 x ,04

X1l = 50,24 ohms,

625
1§¢¢¢¢¢
Xc = X X 2,563

1.57
Xe = 313,49 ohms,

X = 50,24 - 313.49

X =-263.,25 ohms

2 = VRZ plus X%

"
-
°
O
O

N

N

= ¥/2.5° plus 263,25

= /6,25 plus 69300.5625
(Continued on next ghoat)



ANSWER #47., Continued. 5

AUESTION #48,

ANISWER

#48,

3,2 6 1
06.81 25 00

Impedance at 200 cycles: 263,261 ohms
Impedance at 500 cycles: 245 ohms

260,761 ohms

Therefore, amount of impedance added by changing freq-
ency to 200 cyeles is 260,761 ohms, Ans,

What is the relation of the total current through = |
parallel AC circuit to the currents through its branch:
es? What is the voltage relation?

In a parallel alternating current circuit, the total
current is the vector sum of the current through each
of the branches, The voltage across a parallel combina-
tion is the same as the voltage across each branch of
the combination, just as in a direct current circuit,
To compute the total current in a parallel circuit,
when only the values of resistance and reactance are
known, assume a voltage, divide the voltage by the
impedance of each branch by the impedance of each sep=-
arate branch, This will give the assumed current for
that branch. Plot these resultant currents on a vector
diagram according to their phase angle., For instanece,
if one branch of the parallel circuit contains induc-
tance only (resistance negligible} the assumed current
would be plotted as lagging the voltage by 90° and, if
another branch of the circuit contained pure capacit-
ance, the assumed current would be plotted as leading
the voltage by 90°, and, if a third branch contained
resistance only the asdumed current for that branch
would be plottea on the base line which represents the
phase angle of the voltage, that is, the resistance is
such that the current flowing through it is always in
phase with the voltage, If these lines are drawn to
scale, rectangles completed, and resultant diagonals
drawn the result will give the value of assumed current
flowing through the combination, and the amount of divs
ergence of this current line from the base, or voltage,
line will give the phase difference. If below the line;,

lagging and if above the line leading, 5



ANSWER  #49.

2UESTION #50,

ANSWER #50,

QUESTION #49.

How is the impedance of a parallel AC circuit computeas

The General Law for Alternating Current circuits state:
that the current flowing in an alternating current cir-
cuit equals the quotient of the voltage divided by the
impedance, therefore, the impedance is equal to the
voltage across a parallel combination divided by the
current through the combination. If the voltage is not
known, the best rule is to assume a voltage, The im-
pedances of each branch is found separately by method
explained under series circuits, at the same time find«
ing the phase angle of the current through each parti-
cular branch, Then the assumed voltage is divided, in |
each case by the impedance of that particular branch, |
and these values are plotted to scale on a vector dia-
gram, with the proper phase angle for each particular
branch, After the rectangles are completed, the resulta
ant diagonal will measure to scale the value of the
current flowing through the combination. Then it is
only necessary to divide the assumed voltage by the
value of current found to find the impedance of the
combination (It is well to remmember to use the same
assumed voltage throughout the problem),

4 capacitive reactance of a parallel AC circuit is 6
ohms and a resistance is 4 ohms., What is the impedance
of the circuit?

Assuming a voltége of 12 volts:

E. - 12 = 5 gpperes
Ic = X¢ 6 op ¢
Ir = E =12 = 3 amperes,
R 4

The currant through the capacitive reactance is at a
90° angle to the current through the resistance, Plot=-
ting by vector for the resultant current:

Scale:
lem = —ls' amp.

@
Q.
£
3
D 3
w @’
£
Ie=3amps.

Tin

(Continued on next sheet).



ANSWER #50, Continued., : “\x

QUESTION #51.

ANSWER

#51,

Checking by equation:
Since the current through Xc is acting at right angles
to the current through R, the resultant current can be
found by triangle formula:

c2 = a2 plus b2

Therefore: IZ = Icz plus Irz

and I Vic2 plus 1r2

Substituting: I = V22 plus 32
3,605

I = |/13,000000

w e e e e e e e e -

For impedance:

B
2 =7
12
Z =73,6
2 = 3,33 ohms, Ans,

An inductive reactance of 9 ohms with 3 ohms resistane:
is placed in parallel with a 7 ohms resistor. What is
the current through the circuit if the voltage drop
across the circuit is 120 volts, 60 cycles, AC? What
is the phase relation of the current and voltage?

Computing by equation for impedance of first branch:

21 = {/r,” plus x1;%

- 2 2
4 = Vb plus 3 Angle of lag thru

first branch:

V X1
21 = Y81 plus 9 Tan © = ==
9, 4 8
z1 = {/90.00700 Tan 8 = % = 3,0000
Z1 = 9.48 ohms, 0 = 71,5667° lag

Since the second branch contains resistance only, the
impedance is equal to the resistance.

4o = 7 ohmse Current in phase with voltage.

We are given a voltage of 120 volts, but it simplifies
calculation if we assume a convenient voltage:

Assuming voltage of 9.48 x 7 volts:

. B .48 x 7
I, = — = =2-— =" = 7 amperes
17 71 " To.as ) g

(Q?ntinued on next sheet)




ANSWER #51. Continued. » | - N

. = 9,48 amperes,

Plotting by vector for resultant current:

Iz;‘qy'?amps e E

lem=tamp.

Computing for impedance:

2437
_E _ .48 x 7 - 16459 = 4,937 ohms,
2 =1 " 14.44 3436

Resultant current if voltage drop across circuit is 120V

E . 120

I = =
I 4,937

= 24,3 amperes, Ans,

Phase relation of the current and voltage through the
combination:

The current is lagging the voltage by 29,5° Ans,

QUESTICN #52, A parallel combination consisting of three branches,
4, B, and C. Branch A consists of an induetive reactan-
ce of 40 ohms with 30 ohms resistance. Branch B has 70
ohms resistance. Branch C contains a capacitive reac-
tance of 30 ohms and a resistance of 20 ohms,

{a) What current flows thru the circuit if the com-
bination is placed across a 220 volt, 60 cycle,
AC circuit?

(b) What is the phase relation between the voltage
and current?

(¢} What impedance does the circuit offer to the
current?

Draw the circuit,

(Answer on next sheet) ' A



ANSWER #52. Continued.

&‘L =40~ fee = 30—
*)
/Pb: 70 ohrmg . B\)
T
-» 220V <«
<
Zg = VRy plus X1.° Tan 6, = Lla
Rq
4 g
= /30 lus 40
Zg V p Tan 6g = %g
Za = Vggooplus 1600 Tan Oy = 1,3333
Zg = |/2500 | 8y = 53,1333° lagging

Za = 50 0hms0

Zy = Ry = 70 ohms, 8,= 0°, or "in phase"
Zo = VRCZ plus Xc,*° Tan 6c = E%S
c

Zo = V202 plus 302 30

Tan B, = 20
Zo, = [/ 200 plus 900

3 6,0 5 5 Tan B¢ = 1.5000

Z, = //13700,00'00' 00 O, = 5643167°

Zo = 364055 ohms.,

Ig = E _ 220 = 4,4 amperes

8% Za° T80 pOrese

Iy = E . E - 22 = 3,1428 amperes.
Zp R 7

I, = E = 220 = 601017 amperes,
2o 36.055

I is equal to the veector sum of I | Iy, and I,

{Continued on next sheet) J



ANSWER #52. Continued, Plotting by vector for resultant current?%

Scale: lem= lamp.

(a) When combination is placed across a 220 volt, 60
cycle AC circuit, the current flowing thru the
circuit is 9,35 amperes, Ans,

(b) The phase relation of the voltage and current is:
The current leads the voltage by 9.5° Ans, |

1

<

(¢) The impedance offered to the current by the e¢irecuit:

z =2 228 2 93,52 ohma, Ans.
I~ 9.35

QUESTION #53, A series parallel combination consisting of a series

ANSWER

branch A which has 10 ohms resistanee and 4 ohms in-
ductive reactance, Parallel combination made up with
two branches B and C. Branch B has 8 ohms inductive
reactance and 6 ohms resistance. Branch C has s resis-
tance of 5 ohms snd 7 ohms capacitive reactance. The |
voltage drop across the circuit is 220 volts. Draw the
circuit, Find: '

(a) Impedance of the combination,

{b) Current through the combination,

(¢} Phase relation between voltage and current,.

(d) Current thru brasnches A, B, and C.

(e) Voltage drop across series branch: parallel,

(f) Current thru branch B and C.

#53

(See next sheet for diagram of circuit).
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ANSWER #53. Continued, 5

220-Y,
&y = Vhbzrplus lez Tan 6, = X1y
Ry
- 2 N
Zy = V6 lus 8
b V P Tan eb &= %
Zy = /36 plus 64 . i
1 0. Tan 8p = 1.3333
“ = ) 8p = 53.1333° lagginge.
Zb = 10 Ohms.
Ze = [/Ry< plus Xc ° Tan 8, = X
Ra
Z2q = V52 plus 72 ”
Tan Gc = -f5-
Zo = /25 plus 49
86 6 0 2 Tan 8, = 1.4000

/7&,00700700

ZC 2 8,602 Ohms,

S
(¢]
L1

0 = 54.,4667° leading.

Although any voltage can be assumed, it is more conven
ient to assume a product of the two impedances: 10 x

8,602

Ib = % - x¢ ?ﬁeoﬁoz - 806¢2 amperes.

1 - _E. = 10 x ¢[¢¢,¢ = 10 amperes, )
c = Ze #i8d¢ , |

|

|
i

The current through the parallel branch is the vector
sum of the current through each branch,

(See next sheet for vector diagram).,



ANSWER #5653+ Continued, | | N
Plotting for resultant current by vector:

E
|
J
7.761 ohm8e Bpe = 6.4°
leading,
-------- X1, . |
Tan 6. = ——2
a TR !
. & ‘
Tan 84 = 10 |
Zg = {100 plus 16
10,77 Tan 6, = .4000 |
Za = |/116,0000 |
89 = 21,8° lagging

Zg = 10,77 ohms,

We have now resolved the series parallel circuit down
to a simple series circuit, with two impedances in |
series, AC laws tell us that the impedance of a series

circuit is the vector sum of the separate impedances.!

(See next sheet for vector diagram).



ANSWER #53. Continued. }

Plotting by vector for total impedance: i
|

Scale: [cm = 15 0hms.

(a)
(b)

(c)
(a)

(e)

(£)

Impedance of combination: 18 ohms Ans. ’

: B - 220
Current thru combination: I = T = =18

I = 12,222 smpse, Ans.

Phase relation: Current lags voltage by 10° Ang,

{
Current thru A: The current throughout a series
circuit is the same thru each part, 12.222 amps Ans

Bd
Current thru B: Iy = b . 34.854 9.4854 amps Aqé

Zy = 10
= 24g 94,854 1
Current thru C: I, = 2 = 11,01 A
u n u c Zc ® %602 5 anmps nﬁ
Voltage drop in series branch: Edg = 12g
Ed, = 12.222 x 10.77
Ed, = 131.63 volts %

Voltage drop in Parallel: Edy, = Izbc

12,222 x 7.761

Edbc

Edp, = 94,854 volts Ansg

Current through the parallel combination is the
same as the current through the whole combination
being the vector sum of the currents in each branch
of the parallel circuit, therefore, IbQ = 12,222




"UESTION #54.

37
ARSWER 754,

UBSTION #55.

"UBSTICN #56.

SOOI R R R Y IRTRRIITY LT CIINYIRY " 7w
u;ﬁvumaxfu&;ﬂ.‘.i# el uibﬁﬁ, f&.&‘l% o KX
AT MO AMYNSY AT
ALUTIREATIRNG CURRENT. B lg
4

‘“hen is a psrallel A.C. circuit ssid to be in resonance?

fihen the lagging component of current eguals the leading
comporent, the parsllel eireunit 1o eaid to bte in reson=
87ICEC o

Yhat impedance doces it offer to the current when it is
in resonance?

When a parallel circuit is in resonance it offers a
maximum tmpedance te the flow of @&rraﬁt, therafore, for
& zilwvan voltage the current will be minimum.

A

A parallel circult consists c¢f the following pieces: A
resistance of 50 ohms and sn inductive reactance of 50
ohms in parallel with a resistance of 25 ohms and a ca-
racitive reactance which is unknown. Yhat value must the
capacitive reactance have at this fregquency in order to
produce resonance in the parallel circuit?

(b} If the 25 ohms resistance is left out of the capa=~
citive branch, what value must the capacitive reactance
have if the current through the combination is to be
minimum when 1000 volts are applied?

27 = B30 chm registor in inductive hranche.

o
%l 5 induetive res ctagce.
ap o= 35 chim realstor in capmeltive branche

apacitive r@aﬁtqace.
’Apedanue ¢? inductive branckh.

a7 impadance ¢f capacitive branch,

b - - - o . o 2 s w .

Il = current throuzh i;ﬁﬁ@%lV” hranche

Iz = current through capscitive branche.

it = instantanscus au?f*“ rhrough inductive brancs
is = T " throu capaclitive Lramnch,
ay ®

R

il o=

cE o s

21w
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“UESTION #60. How does the phase angle sffect the power in an A.C. 3
circuit?

ANSWER  #80e The phase sngle o
*%e poweT COngun
the greaber wil ! , and the greater ths
2ie the lage wil his 1g evident when
sue considers ?w st the powsr ig *Le rroduet of the
voltage times the currsnt times tha cogine of the angle,
FTrom s table of cusines, it caun bhe seen that when the

or lead of the current detarmines
HORNE: reactance in the circuit
be

sngle ig C® the cesine will be unity and thus the power
will be maximum, while as the.sngle increases the coSine
decreases, thus "the vower decreasese

TURSTION #61e An AC circuit is opersted at 85% power factor. Yhat is
the relation between the voltage end the current?

AXSWIER #61le Power factor iy slways expressed in percent, as the power
in a circuit whers “rﬁ ﬁfrrpﬁt is out of phase, is always

a certain parcent of Lhe tetsl curvent, or Lthe product :
off the effsctive current and affective voltage. To change
the powser factor @xpremsed in % back to a decimsl, the i
coeine of the angle, divide by 100, |
cog & = power fsctor in a2 J
2
£1in
cos B =
10
sog 8 = LBD
= 31.78353° Ans,
Therefore, the current sither leads ¢r lags the voeltage
by 3Le7833°

TCUTSTICN #62, There sre 9 amperes flowing in an 4C circuit under a
nressure of 220 voltse If the current is leading the
voltsge by 35°, what would be the power consumed in the

eircuit?®
ANSWER  #6E. Formula: P s Ilcce®
cos 35%a JE819
T oz 220 X 9 X SHLY
Pz 1521.620 watts. Ans,

TURSTION #636 What is the resultant power in a circuit if the current
leads cr lags the voltage by 90°%

ANSWER #53 o Ef the current leads cr lags the voltage by 20°¢, it ine-
cates that the sireuit contains pure cs ﬁcity or nure
iﬁﬁwﬂtBEQ with negligible resistance, %hug there is un
surrent in ghase with the voltage, agd gince the only
peWwer uged or consumed ig thst usead %“ svarcoeme resistancs
the power 18 Zeroe.
Fermula: P = Elecsd. cos 90° = 0O,
F o= o =

© v ox o= {,}-@ 41,8 e
A i s



QUESTICN #64e A 0.15 henry inductance coil with 4 ohms resistande
placed on a 60 cycle, 110 volt, AC circuit. What is
power factor? What powsr is consumed by the coil?

ANSWER  #64, Tormula: X1 = 2pifl
Xl = 6,288 x 00 x 0,16
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