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Journeyman Practical Handout

Tl_u? Practical exa;*n for Journeyman electrical consists of the following subsections. The
.- wiring portions of the exam require every wire to be correctly terminated, or NO credit
will be given. Partial credit is given only for the Materials Identification.

The percentage points and times for each section of this exam are listed below.

Bemember 10 make all your connections as secure as poséi‘ble, using the equipment
.given by the testing facility. Also, remember that you ae to assume that all devices are
bonded and do NOT require equipment grounding wires for any device. ‘

F!! The diagrams given in this handout will NOT be provided for the exam,
for study purposes only, do NOT take into Test Site !!!

1

Test % Points
MMotor Controller 20 points
Transformers .20 points
Doorbelis .10-points

Muitiple Light- Switches 10 points - -+
Simple Conduit Bend 10 points -
{@Complex Conduit Bend 20 points
Materials Identification 10 points

ngagrams may be provided at test site
Diagrams-will be pravided at test site

Time Allotted

Grading scale

20 ‘minutes Pass/Fali only
20 minutes Pass/Fail only
10 minutes Pass/Fail only
10 minutes Pass/Fall only
10 minutes Pass/Fail only
"20 minutes Pass/Fail enly
10 minutes partial credit given
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Journeyman Practical Handout

Common Equations:

Power (3@) = E(I)( V3) _
Vd (39) = [v3 (K(L)D)CM o Vd = Voltage drop on the conductor

I = Current draw

L= Leng'th‘o'f the condtictor (between source and the load

K = 12.9'for coppef (21,2 for aluminum)

CM = Cixeular Mils {found in NEC Chp. 9 Tbl. 8}
L=(VdxCM)/(2x K xI) use to solvk for the max length between source and Iload
1 HP = 746 Watts
" Power=E(I) (consumed) Power=E(I)(PF)  Power Factor (PF) = [Watts)/[V(I){ V3)(eff)] {if 3@}
PE = [OUTPUT POWERJ/[INPUT POWER] = W/VA = REAL/APPARENT '
Total Resistance in Series=Rt=R1+ R2 + R3 +R...
Total Reslstance in Farallel = Rt = [R1IR2)/[R1 + R2] ({only 2 resistors}

I/RT=[1}/[R1 + R2 + R3 +1/R...] {for more than 2 resistors]

Frequency of T.V.=6 MHz
Conduit Bend Multipliers 10°=5.76, 15°=3.86, 22-1/2°=261, 30°=20, 45°=141



Journevman Practical Handout

' Motor Controller

Versions #1

. _these terminals must each be
Hot ( 7 connected to 2 other terminals . Nentral
- : .. Controller : T
Starts (2) - '
\ ) \ Coil - Ovcrload

Stop Stop
/ |
sle—msols T *o( M /b_QKH\H\k

Limit . l

- I ]
Sw.lwh {; C\;
' | l3 o, '\:-./ td
maintain ~ Hol ding . ™ Pilot
orientation Contact Light
A
r—-—-———-—-———————--.-——.-..‘_'\'_ ----------------------------- —-I

Westinghouse
Controller
(or Square D)
used nom:ally ) N
CLOSED) contagts .

10

¥
t
'
1
T
1
1
1
{
r
'
!
[
1)
t
1
1
1
I
I
1
P
1
t
1

‘This diawing will NOT be provided at the test site.
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Journeyman Practical Handout

Motor Controller
Versions #2
: this terminal must be ' I
Bt . /7 connected to 3 other terminals Neutral
Controller _
Stop Stop tars () Coil Overload
o—olo—ole S
Limit
Switch

b

T

.. Holding
OENIioN - Contact

Versions #3

. Hot - i ! Pilot ’ Neutral

’ ‘ o .y4 Light | po

W

N !”\ . ;
Starts (2) Controﬂer

Stop Stap | " Overload '
%. oleo— ol o= (}-——(__( p_QKH\H\k}_
Limit
Switch _l_
| 25' 'Ss
Holding
N : Contact
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Journeyman Practical Handout

Do NOT use additional jumpers for this project Il

Three-Phase Transformer Configurations d

A B CNG G
[0 Q0 QO @] rimsy

I

Py Pn’if |:f'4§l ' Line 271K LT3= 4 ov
’ Y- V.;,.».;,(;»:; X423

7
ok V- wmdng = Yo'
/.

j’;‘;‘-’—": 277 windn
/- ¢

J20vxh?3=208Y

(2

Lull. V.
AT /20

A

3

Single-Phase Transformer Configurations

AB CNGUG

vy [0 0 O OO

1214
1234

N

|
oliago : )
2401120 (@ © @ @ @]
. A B CNG
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Journevman Practical Handout

Transformer Project
Practice Drowing Eooh Conductor
For Each secondary Voltune

A B C NG A!Bifg 'AB_E_-“E_G_ [
ruy (OO DD 0] Mey [@0 @0 O] [ mow (G000 &)
12134 1234 1334 12134 1134 1233 1234 lll“ 1338
1234 1334 1234 13%4 1234 $334 1234 L2324 1334
“ 60005 Rl Y X-XX5) e G000
] A B CNGC - A B €N G I——'—*(g\scuc
ABCNTE ABCNG “ABCNGE
rowy (@O G QO] ey (G0 @O Q) Pricsary 2000
!
N ]
T334] {1254} [(372 ' 1734 [1394] [1aag4 1334] frasq [123¢«
1234) fra3<] l133a LﬁiJ 1234] Je334 - 1234] f1234 fe234

Volugs Valtage
—@(D@@@ 200 A K- AKX}
A8 CNG —— "ABCNG ——=~ "ABCNG
A B CNGEG ABCNHNGEG 3 . A BCTNG
Moy (@O QOQ@ ey (OO QOQ Q] Priary
* s [1234] [(Tea 1134] [L224] 21214 1234) [172d] {1224
LTI 1234 1234 ) 1334 1334 1234 1234 1334 1234
Secondicy Secondary
Voltage Tt
* [Ceoooe ¥ o000 " cceeo
A BCNGE J A B CNG A B CNGE
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Journeyman Practical Handout

‘Bach switch can source more than one device.
All switches may NOT be required.

Thin wires should
be constant,

i
|
]
!
Thick wires may i
e chignge deaination | |

!

'i

|
|
|
|
|
L j;”:pom.v ifrequined. |

Note the orientation of the line side transformer fuse.

The question drawn above will be given in sentence form (ne diagram), such as:
» Front door button ta operate the house front chime, and garage bell.
.* Rear door button to operate the house regr chime.’
« Garage button to operate the garaye buzzer

The 3 versions for this question are:

- 1. As drawn.

2. No-garage butfon.
3. Garage button operate the buzzer, and bell.

-~
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Journeyman Practical Handout

A B CNG

| (W 3 L’.

A B CN G

Goeoe]

Nole that the question will state in words (ne diagram) to hook up a light to be controlied
from either two, three or four locations.
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‘Journeyman Practical Handout

The test site will NOT provided the following "simple” bend diagrams. The simple bends
will be desetibed using a sentence. The following are four examples of simple bends.
These diagrams will not be given at the test site, are NOT drawn to scale.

Offset Required Condult band deductions:
Anale. - Multiplier Offset angle >5deg = -2 pts
30 deg. 20 Dogleg = -2pls
45 deg. 1.4 : Kink = -7pis
: Vi to Ve© -= -1pt
%o 1" = -4 pts
>1" = -7 pts
Example #1 10" 90s bent back to back

 —

Example#2 20" back 2" offset
|

< - -.‘2"

. |
Exsmple#3 30" back 3" offset

o N J 3" e

Example#4 10" 90 deg bend with a 3" kick (right:er left) J]
| .

[ & \‘—:Js"
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~Journeyman Practical Handout

The test site will provided ON@ of the following "complex” bend diagrams. The following
are three examples af the complex bend.

» First bend the 90 deg stub using the ARROW.
Then bend both offsets using the TEAR DROP.
* Then bend the last 90 using the STAR.

-

Example#l
Y F]
\ R T .
‘ 16" ! 2t - /
. y
45 deg
.
[ 38" 'l
Example #2
10 —[ i ‘ " Upmt
. . 90 deg.
A \ ’-7“ \x‘
o J i
G » D
45/ O ¢
e LY/
F 3" 1 7
. e v
Example #3 : '?.3/?"?:}?3
i _' (Note the different dimentions, )
9" but same shape,) °
- ) " k : T s
b 14" ] A t
. -
- 30 deg
" A ]
: 38-5" il
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A

B
C
D
E
F
G
H
1
J.
K
L
M
N
o)
P.
Q
R.
S.

T.
U.
V.
w.
X.
Y.
Z.

MATERIAL IDENTIFICATION

Metal 4” squaré box with combo knockouts
Metal 4” octagonal box with %" knockouts

. Metal 4" square box with %" knockouts
. Single gang plaster ring % raised

Single gang nail-in switch box
1" hanging EMT strap (Minerallac Strap)
Weather proof single box with %" hub

. %" compression coupling (EMT)

14" one-hole strap (EMT)

14" seb-screw connector (EMT)

%" set-screw coupling (EMT)

%" uni-strut strap A

¥ compression connector (EM'I‘) .

. Metal-clad (type MC) cable
. Armored (type AC) cable

1

1%“ ENMT

- %" liquid-tight flexible metallic conduit

%" seal off
4" to %" reducing bushing
Acorn grounding clamp
%" PVC adapter (male)
% PVIC adépter (female)
Explosion proof sealing compound
1" grounding bushing
%" liquid-tight flexible metallic 90 deg. connector
Ground rod clamp



¥
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Open book

1) Voltage drop formula
a. Three phase; VD = ((E)(1.73)(12.9 factor CU)(1)(Length))/(CM of conductor)
b. Single phase; VD = ((E)(12.9 factor CUX1)(Length)){CM of conductor)
¢. Length = (Vd)(CM))/(((2)(K factor)(1)) Solve for the max length between source and
load.
2) Smallest allowable wire size arounding electrode conductor #8 copper or #6 aluminum.
3) Smallest allowabie wire size equipment grounding conductor #14 copper or #12 aluminum.
4) /;rc F:I'ZSh Hazard warnings 110.16. “Wam qualified persons of potential eleclric &rc flash
azards”. .
5) 110.26(A) Working space
a. 150voltsorless, 3,3, 3,
b. 600 volts or less 3, 3-6", 4'. )
c. 110.26(A)(2): The width of the working space in front of an electrical equipment shall be_
the width of the equipment or 30 whichever is greater.
6) 110.26(A) (3) Working space height 6-6". ,
a. NM State code, 110.26(A)-In underground water well pump enclosures headroom min 5°
with exceptions, :
7) When mounting disconnects what is the max height of the handie, 6-7".
8) Rating of doors for transformer vaults, 3 hours or 1 hour with sprinkler system, 450.43(A)
g) Overhead Service above roof house clearances, 230.24.
a. NEC Exception #2 3’

b. NM State code 8' over rules answer ‘a”.
10) Vertical clearance for overhead cohductors and cable, 225.18

a. 10’AFG not exceed 150 volts accessible fo pedestrians only.
b. 12'AFG nof exceed 300 volts not subject fo truck traffic
c. 15'AFG exceed 300 volts
d. 18 over public street s. roads. parking areas subject to truck traffic on other than
residential property @ '
e. 24.5 over rail tracks of railroads
11) Horizontal clearance for overhea uetors from building not less than 3. 225.19(C

12) Maximum number of disconnects, 230,71 & 225,33(A). 6
"13) Grouping of disconnects, 225.34(A). The two to six disconnects as permitted in 225.33 shall be
ed

14) Seryice disconnecting means shall not be instafled in bathrocoms. -
15) Rating for service disconnecting means not less than 100 AMPs, 3 wire for single family
dwelling unit. All other installations no less than 60 AMPs.
16) Ampere rafings for circuit breakers and fuses, 240.6
17) Feeder taps, 240.21(B)(1 )&(2)
a. Taps notover 3.
a.i. Ampacity Not less than the combined calculated load
aji. Not less than the rated device supplied by the tap
aiii. Not extend beyond the switchboard, panelboard, disconnect means
a.iv. Tap conductors protected from physical damage
b. Taps not over 25'.
bi 173 the rating of the Overcurrent Protection Device
b.i. Tap conductor terminates in a single circuit breaker
b.iii. Tap conductors protected from physical damage




18) Type of grounding electrodes, 250.52. :
a. Metal underground water pipe, Metal frame of the building structure, Concrete encased
electrodes, Grounding ring, Rod or pipe electrodes, Plate Electrodes, Others
19) Concrete encased Electrodes, 250.52(A)(3)
a. 20 feet long, ¥ diameter, Conductor not smaller than 4 AWG, Encased in 2" of concrete.
20) Grounding ring, 250.52(A)(4) . e
a. A ground ring encircles the building or structure in direct contact with earth, consisting of
at least 20’ of bare copper wire not smaller than 2 AWG.
21) Rod electrode, 250.52(A) (5).
a. Minimum length 8. '
b. Ground Rod minimum of 250hms and 8ft in length. 8ft in ground 6 ft apart.
c. Rod and pipe electrodes at Isast 8’in contact with earth can be buried at 30".
d. Metal ungrounded water pipe of metal frame of building in contact with earth for more
than 10’ need to be grounded. |
22) Grounding electrode systems, 250.53
23) Sizing of AC grounding Electrode Conductors, 250.66 & Table 250.66
24) Sizing of Equipmenit Grounding Conductors, 250.122 & Table 250.122
25) Minimum coverage requirements Table 300.5. (Multiple questions on this topic).
26) Box fill, 314.16 and Table 314.16¢(A)(B)
a. Largest size conductor, 6 AWG

27) 314.20, face plate will not sit back in thie finish more than %".

type covers of face plates shall be repaired.so there wil be no gaps or open $paces greater
than 1/8" at the edge of the box. .
29) Ceiling boxes should not support more than'70 Ibs.314.27C.
30) Ceiling box max luminaire weight is 6 Ibs. 410.30
31) Straight, Angle and U-pull boxes;, 314.28(A)1)(2)
a, Straight boxes size of length, 8 times largest diameter raceway
b. Angle and U-pull boxes distan tween raceways, 6 times la
32) Busways Overcurrent Protection, 368.17(B)
a. Abusway shall be protect against overcurrent
b. Overcurrent protection shall be required where busways are reduced in ampagcity.
c. Where a busway is used as a feeder, devices or plug in connection for tapping off
feeder or branch circuit from busway shall contain the overcurrent devices
'33) Single motor, 430.22(A). Continuous duty of not less than 1 25% motor full current
34) Several motors, 430.24. Largest motor 125% full load current, sum of all other motors full load
current continuous 125% and noncontinuous 100%. y
35) Disconnecting means shall be permitted fo serve as the controller. 430.81(A).
36) Nonflammable fluid insulated transformer 35,000 voits in a vauit, 450.24.
37) Discharge capacitors, 460.6(A).
a The residual voltage of a capacitor shall be reduced to 50 volts. nominal or fess within 1
minute after the capacitor is disconnected from the source su 1A
38) Know class 1 2 and 3 locations, 500

a. Class 1 Division 1 &2; Flammable gas, vapor of liquid.
b. Class 2 Division 1 &2:; Combustible dust.
¢. Class 3 Division 1 &2; Ignitible fibersiflying.

30) Sealing conduit and cables purpose to minimizing passage of gases, vapor or dust, 504.70.

est diaméter racewa

40) Gas Stations, article 514, few questions.
a. 514.8 Exception 2: PVC conduit underground can be schedule 40. Minimum depth 24"
41) Receptacle outlets for a mobile home and manufacture home, 550.13(D).




a. Except in bath, closet, and hallway areas, receptacle outlets shall be installed at wall
spaces 2’ wide or more so that no point along the floor line is more than 6’ measured
horizontally from an outlet in that space. With specific locations 9.

42) Mobile ht‘.iihe service equipmenit (NM State code); Insight and max of 100 between primary and
subpanel.

43) Christmas lights can only be up for 90 dates, 590.3(B). =,

44) Feeder for temporary installation type NM and NMC shall be permitted, 590.4(B).

45) Elevator lighting, 620.22(A). Separate branch circuits for lighting, receptacles, auxiliary lights
and ventilation. '

46) Swimming poo! lighting clearance, 680.22. :

a. New Installations: In.outdoor pool areas, luminaries, lighting outlets and ceiling
suspended (paddle) fans installed above the pool or the area extending 5 * measured
horizontally from the inside wall of the pool shall be installed at a height not less than
12’ above the maximum water level of the pool.

b. FExisting installations: Existing Juminaries and lighting outlets located less than 5~
measured horizontally from the inside wall of the pool shall be installed at a helght not
less than 5' above the maximum water level of the pool, shall be rigidly attached to the
existing structure, and shall be protected by & ground fautt circuit interrupter.

47) Spas and Hot tubs emergency switch Jocated less than § * and within sight, 680.41.
48) When can Class 2 and 3 conductors be used in the same raceway? 725.139(C).

a. WMMM&MMMW

enclosure, or raceway with conductors of Class 3 circuits, provided the insutation of the

Class 2 circuit conductors in the cable, enclosure. or raceway is at least that required for

class 3 circuits.

M S

49) Photo voltaic source circutt, 690.8(A)(1). The maximum current shall be the sum of parallel_
module rated short circuit cumrent multiplied 125%.
50) Ground conductor, 800.100(A)(3). The bonding conductor or grounding electrode conductor
shall not be smaller than 14 AWG and shall not be required to exceed 6 AWG.
51) Communication cable substitution Tabfe 800.154(A) and figure 800.154. Cable CMP for
plenum.
H

Closed book



52) Voltage drop formula
a. Three phase;

VD = ((E)(1.73)(12.9 féctor CU)(1)(Length))(CM of conductor)

b. Single phase; VD = {(E)(12.9 factor CU)(1)(Length))/(CM of c_m_nductor)'

c. Length = ((VA)(CM)(((2)(K factor){l)) Solve for the max length between source and

load.

53) Resistance in series: R, + R; +R; etc. = Ryt

54) Resistance parallel: 1/ (1R + 1R, +1/Rs etc.) = Rwa Ol

for 1
55) Transducer changes one Kin
56) Ohms Law '
a. E=()(R) - P=(EX1) '
b. I=ER P=(?)(R)
c. R=E/ P=E%¥R

57) Opposition to current flow is called resistance, the unit of which is represented by the symbol

‘R”

58) Definition of (bonded) bonding, Connection to established electrical continuity and conductivity. #
59) Definition of a capacitor, an electric circuit element used to store charge temporarily, consisting

in general two metallic plates separated by a dielectric. ,
60) Continues foad is 3 hours or more of use ata time.

61) 1hp = 746watts
62) What is a measure

of Electromotive force? = Volts

63) 45 degree mulfiplier for a bend is 1.41
84) 30 degree multiplier for a bend is 2.0 -

65) 22 degree muttiplie
66) 10 degree muitiplie

rforabendis 2.62 |
r for a bendNs 5.76

67)4%” is not a trade size for conduit

68) Proper way to test bus duct, Megger Meter

69) Humming on a sound system = bad ground

70) TV band width is 6.0MHz

71) CATV = Community Antenna Television.

72) CCTV = Closed circujt TV

73) What type of connector can be installed on the end of Coax Cable? BNC.
74) What do you test a Coax cable with (type of tester), Digital Multi Meter.

'75) Common length of a
76) Static Gu

)
78) Mantiole (hand hole)

spool of coaxial cable is 800’
ps, abov nsmission fines.

overs must weigh 100 lbs and at least 26” in diameter. 110.75 (A)(D)

79) Conductors through bored holes (wood Studs) must be at least 1 %" from the edge of hole to

edge of stud.

Y

for two parallel resistors: (R, X Ro)! (Ry + Re) = Rusn

80) Wood braces to support boxes 1*x 2°.
i Ryt R4 efc. 3

R

83) Know the difference between AC cable and NMS cable.
a. AC cable: Afabricated assembly of insulated conductors in a flexible interfocked metallic

armor.

b. NMS cable: Insulated power or control conductors with signaling, data or communication
conductars within an overall nonmetallic jacket.
84) How to change rotation on AC motors. Switch *A” and “C” phase conductors.

85) Conductors within 3"

of ballast need to be rated at 904 C.



86) Know what is on a name plate.
a. Voltage rating
b. Current rating
c. Frequency rating (Hz)
d. Phase .
87) Be able to Identify if lransformer is WYE or DELTA.
88) When threading info bosses or conduit bodies at least 5 threads need to be inserted.
89) Batteries for emergency lights rated for at least 132 hours.
80) 1 (3%W) = PK(E)(1.73)) ‘
91) Power Factor = Output Power / Input Power =W/VA =Real/Apparent. f
92) Neon tubing branch circuit 30 amp size.
93) Fire alarm wiring min size; 18 AWG.
94) Communication wire minimum voliage 300.
95) When practical a separation of a least 6’ shall be maintained between open conductors of
communication systems on buildings and lighting conduciors.
96) Frequency is also known as band.
97) Gain is a measurement of Amplitude input vs. output. .
98) Thyristor; A semiconductor devise with three or more junctions that has the ability to turn on
and/or off by application of an external signal. :
99) Rectify; to change altemating current (AC) to direct current (DC) -
Coil choke; A coil or inductor used as a filter, oftenin anAC to DC power supply.
a. Sine Wave; is the result of spinning conductors within 2 magnetic field.
b. Inductance; The. propety of an electric circuit displays when a varying current induces
an electromotive force in that circuit !
¢. Reluctance; The opposition that material present fo the flow of magnetic lines of flux
(similar to electrical resistance). -
Afew questions on conduit fill and when to de-rate wires.
Box fill questions.

Parallel resistors 1

Eé E% E%




CLOSED . BOOK

—

Transformer has a primary voltage of 460 at 120 amps.and a secondary current of 240
amps. The secondary voltage of this transformer is how many volts?

Primary = 460V ; 120A Secondary = 240A

V) = (vayiz)
(460V)(120A) = (V2){240A)
230 =V2

A dwelling has a 120/240 volt single-phase service with a baianced net computed load of
28 KVA. At full load, what would be the measured current in each ungrounded

conductor?

28 KVA = 28,000W
P=DE)

28,000W = (240V)(D)
117A=1

The identification of terminals on a duplex receptacle tovwhiéh a grounded conductor is
to be connected must be substantially what color? “WHITE .

The light output of an incandescerit lamp is expressed in LUMENS.

[} .
Classify a security fire alarm sysiem if current flows continuously; except when the
circuit is open to allow a signal to be sent. CLOSED

One 30 amp, single-pole, 230 volt bmnch,i:i:cuit supplies only fixed electric space
heaters. If the power, including derating, required by the N.E.C. for each heater is 1250
watts, what is the maximum nhmber of heaters this branch circuit may supply?

P =(I}E) - 6900W/1250W =5

P =(30A)(230V)
_ P=6900W -

Switch S1 is in the on position, but light L does not come on. Voltage across S1 is

measured to be 120V. Voltage across L1 is measured to be 0V. The light does not come
on becanse: THE LAMP IS GOOD BUT THE SWITCH DOES NOT MAKE

CONTACT
What is the calculated current through a 15 KW heater operating at 240V?
15 KW = 15,000W

P=(IXE)
15,000W = (240V)(D)



What effect would a large motor load have on'available short circuit current during a
falt condition? THE LOAD WOULD INCREASE THE AVAILABLE SHORT

CIRCUI'T CURRENT
Two resistors R1 and R2 are connected in paralle). R1 = 6 obms and R2 =3 ohms. What
is the combined total resistance?

RIR2/(RIR2) OR 1/ 1/R1 + 1/R2
(6)(3)/6+3 =2 ohms 1/ 1/6 + 1/3 =2 ohms
|

The transformer secondary supplies 120/240V, 60 hertz, single-phase power. All loads
are 120V. Line one to neutral is 5,760 VA. Line two to neutral is 3,720 VA. What is the

current in the neutral?

5,760 VA/120V — 3,720VA/120V
48 -31=17A

The voltage drop in a conductor m:;y be lowered by reducing its length or increasing its
DIAMETER.

If a size 18 AWG conductor has a resistance of 7.95 ohms per 1,000 fi. What is the total
resistance of 350 ft of the conductor?

7.95/1,000 = x/350 ;
2.7825=x

Alength of coax used for data is terminated at one end with a 50 ohm terminator. The
resistance between the shield and;he center conductor at the other end.of the cableis 0

ohms. This indicated the cable continuity is SHORTED.

A 1,000W, 120V lamp uses electrical energy at the same rate as what resistor?

1=P/E R=P/1
1=1,000W/120V R =1,000W/8.333A
1=8.333A R = 14.4 ohms

The cross section area of a conductor is increased by 4 times. What is the resistance
decrease in the new conductor? %

A single length of #14 copper conductor in a control circuit has a voltage drop of 3V. An

additional #14 copper conductor of the same length and material is than connected in
parallel. What is the total voltage drop on both? 3 VOLTS (voltage stays the same in

parallel)
What is the potential difference between two conductors? VOLTAGE



A % EMT conduit is to have a 15” high (end to back) stub. At what measurement do
you set the star on the bender? 157-57=10”

What is the current in the 2 ohm resistor?
I =E/R

I =10v/2ohm
I=5.0A

What does the symbol S3 mean in a drawing? 3-WAY SWITCH

Ohms law states that the current is inversely proportional to the RESISTANCE. (I
E/R)

A 240V source has a 20A load. What is the KV A of the circuit?

(240V)(20A)/KVA or 1,000 = 4.80

Eight equal resistors are connected in series to a 48V source. What is the voltage drop
across each resistor?

48/8 =6V

1

What is the formula to determine th; current in a circuit when the voltage and the
resistance are known? :

I=ER

Two lamps are connected in para]lel to a 120V source. The current though each lamp is
0.62A. What is the total power consumed in this circuit?

P = (I)(E) (74.4W)(2 lamps)
P = (120V)(0.62A) 148.80W
P= 74.4W

Six equal resistors are connected in series to a 24V source. What is the voltage drop
across each resistor?

24/6 =4V

What is the classification for a low voltage electrical system which current flows through
continuously, except when the circuit is opened to allow a signal to be sent? CLOSED

A resistive load supplied by spliced conductors draws 40A. One bad splice is found to
have a measured resistance of 0.1 ohms. How much power is lost at this splice?



P=(1)R)
P =(40) (1)
P =160W

of conductor with a maximum line

An electrical installation requires a total of 200 ft
stance allowable for this conductor?

resistance of 0.5 ohms. What is the maximum resi

X/1,000=0.5/200

X =2.5 ohms
If the neutral conductor develops a break as shown what will be the voltage imposed on
the 240VA rated load? 21840V 7900 VA

i2zo vV

ot N ‘ =
240 VA v
120V )

- L2
‘When the electrical current leaves its intended path and returns to the sodrce, bypassing
the load, the current is SHORTED. .

A three-phase squirrel cage motor supplied by 4 three wire circuit runs counter clockwise
by: REVERSING THE CONNECTION OF ANY TWO WIRES

Given the following electrical load: 2,000W, 120V, 85% PF. ‘What is the current draw

by this load?
(120V)(.85) ' I=P/E
102V I1=2,000W/120V
I=19.6A
The switches on the multimeter are set to Rx1. This meter indicates a reading of: 7.0
OHMS
Ys
15 oHMS
20/ o] 0C
39/ s AL

The output VA of a transformer is 100VA. The transformer efficiency is 90%. What is
the transformer input? :

100VA/0.9=110W -



When changing a percent value to a decimal or whole number, simply move the decimal
point two places to the LEFT.

The decimal equivalent of 75% is: .75

The decimal equivalent of 225% is: 2.25

The decimal equivalent of 300% is: 3

How many devices are allowed in a branch circuit, per N.M. Code? 8 1

When is knob and tube wiring permitted? ONLY WITH SPECIAL WRITTEN
PERMISSION

Identify the ground or grounding conductor? GREEN or BARE
What is the basic unit of measure for inductance? ~ HENRY

What is your power factor when you have 120V, 1,000W, and 9A7
{000 W ——

PF.=OUT/IN
= 1,000/(120X(9) 120V
=.9259 or 92.6 '

When installing a rigid pipe for a service mast what trade size conduit must be used? 2”

Which point in this diagram indicates the holding contacts? . S
Lt :

E
(W

‘What type of circuit s this?  PARALLEL

Which low voltage classification is assigned to a remote control safety control equipment

circuit failure of the EQ. introduces fire or life hazard? ~ CLASS 1

Which wire is the main bonding jumper?




Which pipe is the service entrance pipe? B
1
e —

ene 1|

Flat cable is permitted only as follows: THE RATING
SHALL NOT EXCEED 30 AMPS

OF THE BRANCH CIRCUIT

What is the sole purpose of the green grounding screw in 3 box?

A ground electrode shall be installed at least 8 in contact with the soil.
What is the smallest fixtore wire allowable? 18 AWG

If you want to decrease, you increase. ( increase like when you build 2 capacitor bank)
1. of air space is needed |

Which button must you press to Jock your contact even after you have released the
button? B A 11’3 c

O// l :DD

CURRENT stays the same in SERIES.
VOLTAGE stays the same in PARALLEL

3-phase induction motor with 9 leads is:" A DUAL VOLTAGE MOTOR
Total opposition to current flow is IMPEDANCE.

AVAILABLE SHORT CIRCUIT: the maximum amount of a circuit current present if a
zero “short circuit” ocours. ( A large motor will increase the available short circuit)

A THERMOCOUPLING will transform heat into electrical energy-
On a transformer, the capital letter H stands for HIGH VOLTAGE.

More turns without changing will cause the coils of a magnetic field to INCREASE.

Ampacity of #14 AWG: 17A



Voltage Drop of 255 to 240: 2401255 x 100 =94%

10 AWG = box size of 2.4 cu. in. 12 AWG = box size of 2.25 cu. in.

How often must a tray cable be marked in its outer jacket? 247

A meggar is used to test 2 motor’s winding insulation and the windings are good ina
meggar if it reads: VERY HIGH OHMS

What is the purpose of conductive materials enclosed in electrical equipment anda’

conduit to be grounded? ALLOWS OVER CURRENT DEVICES TO WORK

AC and DC cables are allowed in the same J-box: IF INSULATION IS RATED- FOR

SAME VOLTAGE

A secondary resistor’s speed control in a wound rotor induction motor needs to be
increased. Do what with resistance? THIS CONTROLLER WILL NOT WORK FOR -

THIS MOTOR

A heated bathroom floor must have GFCI PROTECTION

A ridged 3” conduit is run-with threadless couplings for 217. What is the minimum
strapping? 3” N ‘

-



Closed book study guide

*Know all basic ohms law formulas

1) 2 questions on resistors in paraftel.
2) 1 question on KVA demand for 6 dryers (75% of total KVA Table 220.54)

3) Humming on a sound system = bad ground

4) Bandwidth fora TV = GMhz'

5) CCTV = Closed circuit TV _ ‘

6) Power factor = Output over Input

7) Ground Rod minimum of 250hms and 8ft in length and 8ft in ground.

8) Ground Rod spacing = 6ft : .

9) No over current devices allowed in bathrooms

10) Proper way to test bus duct {| believe it's with a Megger)

11) One way to test Coaxial cable = Multi-meter

12) 1hp = 746watts i

13) Singte family dwelling minimum of 100A service

14) Cables direct buried must be protected 8ft Above Finished Grade

15) Smallest current carrying in parallel = 1/0

16) Water pipe used for ground must be in contact 10’ with soil and be connected within 5’
after entering a building y

17) Minimum EGC = #14Awg

18) Minimum GEC = #8Awg

19) 4%” is not a trade size for conduit ,

20) Connecting pieces of equibmer’xt together to form a good ground = bonding (something

along those lines)

21) **This one almost got me** when you have an AC unit/units and a heating unit/units
only use the highest rated load of the two for your calculations (i think the question is 5
heating units @ 3500KVA = 17,500KVA)

22) 45 degree multiptier for a bend is 1.41

23) Something that changes one form of power into another = Transducer (something like
that)

24) What is a measure of Electromotive force? = Volts

25) Lighting demand for dwelling units is 3VA per Square foot + 2 small appliances @

1500kva each + 1 laundry circuit at 1500kva. Table 220.12 and 220.52(a}&(b)



Open hook test

Voltage Drop Formula 3phase VD= (EX1.73) X12.9XIXL
CM of conductor

230.71 Maximum Number of Disconnects

230.95(A) Setting

240.6 Fuse Sizes

241.21(B)(1)&(2)

250.52(A)(3) concrete encased Electrode.

-250.52(A)(4) Ground Ring {20ft not smaller than 2awg

250.66 & 250.122
T300.5 Direct burial requirements

300.5(D){1) Emerging from grade

314.16 memorize how to calculaté box fill

-

And T7314.16 (A)

314.28(A) 182 Stralght, Angle and U pulis
368.17(B) EX ;
430.22(A) Single Motor

430.24 Several Motors

430.81(A) (Disconnecting means shall be permitted to serve as the controtier.
450.24 Nonflammable fluid insulated transformers 35000 volts in a vault
Know class 1 2 and 3 locations

504.70 Sealing

590.4(B) Feeders for Temp Installation type NM and NMC shall be permitted
620 question on lighting in elevators (how many c

680.22. swimming pools etc

ars can be supplied by 1 circuit. | think it’s only one}



680.41 spas and hot tubs emergency switch 5ft away
690.8(A)(1) 125%
800.100(A)(3) grounding conductor shall not be smaller than 14AWG

T800.154E CMP far Plenum



Common NECArticled anddRiEs.

220 Calc and Tables .

T220.12 General lighting

T220.42 Lighting and derating

T220.54 Household Dryer derating

T220.55 Household Range derating

240.6 Standard Rating of Fuses

T250.66 Electrode grounding cond

T250.122 Equipment grounding cond

T300.5 Direct burial requirements

T310.15,b,2,2 Ampacity derating # cond.
T310.15,b,6 Dwelling service and feeder sizing
T310.16 Ampacity of cond

T430.52 Motor Overcurrent Protection

T430.248 Motor FLC single-phase

T430.250 Motor FLC three-phase

Chap9 Table3 Resistance of cond.

Amex C conduit fill (same size only)

Cliap9 Table5 area conductors, then Tabled size conduit
Arnnex D Examples (1 and 2 only), load calculations

NEC-Tabbed, Highlighted, Annotated(notes), state code?
Currentsp = P/(EX V3)

Power@y) = ExIx \’3

Vi=V3x K xLxI Where: Vd =
(3-phase) CM I = Curment draw
(1-phase) use a 2 in place of V3 L =

K =

CM =

V3 = 1.732

ey | e
g2l | g :
" Ri P ET
ExI I
"ar r R BT
e L Resistance I_ —_l_:
= 'Voh_u?e “Current = _1) N
1 9*;1 P X-R'/" }-T: . ' ]E “. “ E };“‘
& P T E_
I R
8 51

3 = 1.732 (used for all three-phase formulas)

Voltage drop on the conductor

Lerigth of the conductor (between the source and load)
12.9 for copper (21.2 Aluminum)
circular mils (Chap 9 Table 8)

L=(VdxCM)/(2x KxI)solve for the max length between source and load

1 hp = 746 watts

Power = E x I (consumed) Power = E x I x PF (output)

W
VA

Real
Apparent

Qutput Power
Input Power

PF

Total Resistance in Series: Rt = Ri+ Ra+Ri+R...

Total Resistance in Parallel: Rt = RixRp
fonly 2 résistors) Ri+Rz

1

Ry

(= 3 resistors)

1/Ry + 1/Ry + 1/R3 + /R...
Page 1 of 9
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LT220 12 nghtmg . T220.42 Deratmg ~ DEES % =T
1. A dwellmg has 3,000 sq-ft of heated space, with a 600 sq-ft garage, and 1 000
sq-ft unfinished habitable space for future use. When calculating the seryic
conductor size for this dwelling unit using the standard calculation method, what

is the minimum demand in volt-amperes? B

1. 6,150 Ll
2- 7,725 we . 1’2/ ulyg 5 Dw{\\'\s
3. 12,000 (2;[ . M\*"ij 2\ k Kot
4. 16,500 '
Art.220 and Annex D (4000x3)+3000+1 500-16 500 (0.35x13,500)+3000 = 7,725VA
ﬁ“k“ Aﬁ 'ku
jxuwwiry .
2. Annex D (Examples 1 & 2) 7

T220.54 Household Dryer derating

3. A 6 unit apartment building is equipped with 5,500 Watt dryers for each
apartment. What is the total calculated demand load in volt-amps for the dryers?

1. 24,750 ..

2. 33,000 .

3. 44,000 '

4. 66,000 b
6 x 5,500 = 33,000 x 0.75= Y, 75(]

T220.55 Household Range derating
4. What would be the derated value for a 20,800 Watt range installed in a single
family dwelling?
1. 8.0 kW
2. 11.6 kW ..
3. 12.5 kW

4. 20.8 kW
(20.8 - 12 = 8.8 x 0.05 = 0.44) 8000 x 0.44 = 3,520 + 8000 = 11,520 W

Page 2 of 9



5. A 32 unjt apartment complex has replaced the ranges. Each range is rated at
18,000 Watts. What is the calculated load?

1. 47.0 KW

2. 51.7 kW [ o fdma

3. 56.0 kW

4. 61.1 kW ..
(18-12=6x0.05=0.3) 15K+ 32 K= 47 kW x 0.3 = 14,100W + 47,000 = 61.1 kW

T250.66 Electrode grounding conductor ¥
6. Given. A Service has conductors of 250 kemil copper, with a driven.ground rod
as its only means of grounding. What copper grounding electrode conductor size

would be required?
1. 1/0 AWG
2. 2 AWG ..
3. 6 AWG
4. 8 AWG

7. According to the NEC, what size copper grounding electrode conductor would
be required for a service built with 380 A rzlated THHN insulated copper

conductors? \
1 #1/0.. ’
2 #2
3 #3
4 #4 5
T310.16 (400 kcmil) then T250.66 (1/0 copper)

‘ T250.122 Equipment grounding conductor
8. What MINIMUM size copper bonding jumper is allowed for a clrcmt with an
overcurrent protective device rated at 15 amps? :
1 8 AWG ERNCEEE
2 10 AWG
3 12 AWG
4 14 AWG ..

Page 3 of 9
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9. With an overcurrent protective device r'ated at 40 amps, what would be the
minimum size copper equipment grounding conductor?

1 8 AWG

2 10 AWG ..

3 12 AWG

4 14 AWG
Note: Same for 30, 40, 50, and 60 amp circuits

r T300.5 Direct burial requirements ‘
10. In a home, direct buried cables that are GFCl protected at 20 amperes must be
installed a-minimum of how many inches below grade?_

18

gD, T i T T T L I
3 18 ‘ :

4 24

Sizing Conductors & Srvs. T310.16 T310.15(b)(2){(a) T310.15(b)(6) |

141. What is the ampacity of three # 1 THW copper conductors at 86 degrees F in a
raceway?
1. 100 amperes
2. 115 amperes
3. 130 amperes ..
4. 150 amperes

1
12. What would be the ampacity of each conductor in a raceway given that there
are FOUR(4) # 1 THW copper conductors at 132 Degrees F ?
1. 60 amperes ..
2. 75 amperes
3. 115 amperes
4. 130 amperes
130 amps T310.16 top
x 0.58 T310.16 hottom (temp)
x 0.80 T310.15,b,2,a (# of cond.)

i . R
' vt o sEs e . A L
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13. What would be the ampacity of each conductor in a raceway if there is
EIGHT(8) # 10 Awg THHN copper conductors at an ambient temp of 40 Deg. C ?
1. 25.5 amperes .. :
2. 29.1 amperes
3. 36.4 amperes
4. 40.0 amperes

40 amps

x .91 (temp)

x .70 (# of cond.) !
25.48 amps

14. What is the size of the secondary current of a 75 kVA transformer, given a
thrée phase 480 V primary, and a three phase 120/208 V secondary?

1. 156 amps .
2. 208 - A . ,

3. 360 :::: ﬂ 725} fir Swr
4. 362 amps

I = P/(E x sqrt3) = (75,000 /[208 x 1.732]) = 208.18 amps

N
15. Assume a kitchen is added to a church with a total load of 54:66’0 VA. What
would be the MINIMUM size THW copper conductors for this 3-phase, 120/208 Volt

service?

1. #1 .

2, #1/0 ..

3. #2/0

4. # 3/0
I = P/(E x sqrt3) = (54,000 /[208 x 1.732]) = 149.89 amps,
then Table 310.16, 1/0 Awg

16. What would be the minimum size THWN copper conductors needed for an
underground service for a dwelling, assuming a total load of 35,000 VA?

1. 1..
2. 1/0
3. 2/0

4. 3/0
I = P/E = 35,000VA /| 240V = 145.8 amps
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| Motors  T430.248 T430.250 T430.52 2406 |
17. What would he the_f_’gﬂlload_current rating of a single phase 115 volt 1/Z2 hp
motor?

1 4.4 amps
2 5.8 amps
3 7.2 amps
4 9.8 amps ..
T430.248

o

18. Given a circuit serves a 10-hp, 208-volt, 3-phase, squirrelxcage-Design-B motor; /
with nameplate rating of 37 amps. What is the maximum perniitted -operational
setting of an adjustable inverse-time breaker?

1. 30.8 amps '

2. 35.7 amps

3. 77.0 amps

4. 92.5 amps ..

T430.52(C) 37A x 2250% ='92.5 amps (do NOT use ... Table 430.250)

1 N

19. What part of the motor circuit is sized according to the current rating marked
on the motor NAMEPLATE?

1. Branch circuit conductors

2. Branch circuit short-circuit fuse

3. Separate motor overload protection device ..

4. Feeder overload protection
430.6 (a)(1)(2) S e g

20. Conductor ampaéity for general motor applications and branch circuits shall be
based on what?

1. The actual current rating marked on the motor nameplate

2. The full-load current in amperes given in the NEC motor tables ..

3. The actual current based on the actual load

4. The locked-rotor current
430.6 (a)(1)(2)
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21. What size THW copper conducturs are requIreu Ju o —=--=-
30 HP, motor with 2 nameplate rating of 74 amperest
1. #2 AWY -
2. #3 Awg
3. #4 Awg

4. #6 Awg

Table 430.250. (NOT nameplate) 88 amps X 425% = 110 A then Table T310.16

_:F—_:___——-—-—-'—-_-__-'_-____“'-_____—_-_- ———— —_—— e e — —ee
[ Chap.9 Table.8 Resistance of Conductors and Voltage Drop _]

22. What would be voltage drop for a 3 phase, 3 wire, 480V circuit.assuming there
isa1b H'P‘ induction motor, in rigid conduit, a distance of 150 feet from the source,
installed With # 6 Awg Eonductor? S R ,

1. 1.54 volts

2. 2.67 volts ..

3. 3.09 volts

4. 5.35 volts 4
T430.250 = 21A vd = (\13 x K x L xI1)/CM
(1.732 x 12.9 x 150" x 21 A) | 26240 = 2.68 V

e circuit is only 3 volts, and there are 9 A

23. If the maximum voltage drop of th
th for a # 12 Awg,

flowing in the circuit. What is the apprcixjmate max circuit leng
single-phase; copper c_ondu‘ctor’.’-?‘

4. 0 - 150 feet ..

2. 151 - 250 feet

3. 251 - 350 feet

4. 351 - 450 feet i
Ch9T.8 L= (VdxCM) | (2xKx1)

(3V x 6530)-/-(2x12.9 x.9A).= 84.37 feet (exact length to drop 3.volts)

j

‘Conduit Fill Annex C (same size only) or Chap9 Table5 Table4

24. Given: Five (5), 400 kcmil THW conductors in a conduit raceway. What is the
in inches, permitted for schedule 40 PVC conduit?

minimum diameter,
1. 3
2. 3-1/2 ..
3. 4

4. 5
ch9, T5 0.6619 x 5= 3.3095-in’> then ch9, T4
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25. A ccs"n!ductt;l‘ enters a pull box with a 2-inch conduit on the “east” side. The
canductor then makes a U turn in the box and goes out a 2-1/2 inch conduit on the
same side. What is the MINIMUM distance from “east” side of the box to the
opposite “west” side, in inches? :

1. 12 inches

2. 15 inches

3. 17 inches ..

4. 20 inches

314.28(a)(2) 2.5" x 6 = 15" + 2" = 17"

Page 8 of 9
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