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INTRODUCTION

This material has been prepared with great care
by the school, to provide for our students and grad-
uates a reference set that will be practical, brief,
and simple to study along with the shop course, and
convenient and dependable to refer to for help and
data on their work in the field.

It is prepared by the school instructors, exccu-

tive teaching staff, and Superintendent, all practical
men with wide experience in their various subjects
and work, and who thoroughly know the students’
problems, and needs during the course, and their
needs out on the job afterwards. In this, we have
also been assisted by noted electrical engincers
with some of the greatest electrical concerns in the

country.

The material is simply worded, non-technical,
and well illustrated with diagrams and photographs.
Every ambitious student will find it extremely in-
teresting and valuable, and easy to study.

The student should understand that this set is not
a necessary or compulsory part of the regular
course, and is not needed to complete the course.
The regular course of shop work and lectures is
entirely complete without it. And while it does not

cover exactly or in detail the same material as the
lectures, it does cover the same general subjects
arranged in about the same order as the shop
course. And any student who will spend a few
minutes per day in study of the sections pertaining
to the work he is covering in the shop course, will

find it to his advantage.

By this study during the course, he will become
familiar with the location of the various subjects
and sections which will make it very easy to use
for reference on problems that arise in his work in
the field after graduation.

Another good reason to study this set along with
the course, is that your instructors in the shop
departments will then be able and glad to assist you
with any points in it that are not clear, and help

. you compare it with your daily work in the shops.

A great amount of time and money have been
spent to make this reference set complete and prac-
tical, and we hope it will prove of great value to
every student while here, and later in the field.

H. C. LEWIS,
President
Coyne Electrical School
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INDEX 5
Part Sec. Page Part Sec. Page
Air-Break Switches, A.C................... H 8 21 Alternating Current
Air Circuit Breakers, D.C................... G 2 6 “ Motors, Windings, (Sec also Stator
Air Gaps in Magnetic Circuit............... A 46 Windings) ........ ... .o F 2 7
Air Gaps in Motors and Machines.......... H 8 42 “ Ohm’s Law Applied.................. H 1 10
Alarms, (See Signals).............. . ...... B 2 9 “ Parallel Circuits ..................... H 1 18
Alternating Current ....................... H 1 2 “ Phase Relations of Voltage and Current H 1 8
“  Alternators (See also Generators A.C.) H 3 2 “ Polyphase and Single-Phase Currents..H 1 8
“  Ammeters and Voltmeters. ... . ... .. .. o 2 2 : Kl‘jower Calculations I EERRRE H 1 24
“ Capacity, Reactance .................. H 1 10 o w Equipment, Installation of......... H 8 28
“ . i Factor (See also Power Factor)...H 1 21
Capacity, Reactance .................. H 1 15 o
« Central Stati H ; 5 Measurement ..................... H 1 25
. .en r.a BHOMS e O Plants i e e H 7 2
glrcmt-Breakers ..................... g 8 17 “4 Problems .. ot 1 31
“ ITCUIES et ettt i et i 1 9 “ « Rectifiers, (See also Rectifiers)....H 6 2
“ Circuits, Calculation of Impedance in “ Reactance, Capacity .................. H 1 15
SEriES vttt H 1 16 “ Relays (Also see Relays A.C.and D.C.) H 8 24
“ Compensators, Motor Controllers..... H 6 34 “ Resistance and Inductive Reactance
“ Condensers, Sfatic ................... H 5 36 in Series, Graphic Solution for..... H 1 17
“ Condensers, Synchronous Motors..... H 5 35 Capasaty and Inductive in H )
“ Controller and Switch Installation..... H 8 27 « CHIES woveren st 18
. . and Capacity in Series............. H 1 18
Controllers, (Sce A.C. Motors)....... H 6 26 “  and Capacity in Parallel........... H 1 19
“ Converter Stations ................... H 8 3 e “ Inductance and Capacity in
“ Converters, (See Converters Synchron- Parallel ... ... .. .. .. .. ..... H 1 20
OUS) vttt e H 6 16 “ “ and Inductance in Parallel......... H 1 19
“oCycle H 1 6 “ Self Induction ...........oviiee.. H 1 11
“ Distribution Stations ................. H 8 2 : g?neIC}l)rves, \(/;oltage ----------------- PI*E 1 6
« Electrical Maint e H 3 1 ingle- hase Currents ................ 2 4
« lectr.cal Maintenance H 3 “  Single-Phase and Polyphase Currents..H 1 8
Frequency .....oooooviiiiii 1 “ Starters (See Starters A.C. Motors)...H 6 26
“ Generating Stations .................. H 7 *“  Starters Maintenance ................ H 8 50
“  Generators (See Generators, A.C.).....H 3 ¢ Static Condensers (Sce also Condensers,
“Impedance ... H 1 10 Static) ... H 5 36
“ TImpedance. Calculation of H 1 16 “ Stators, Alternators, Revolving Field..F 2 3
. pecance, LAICHIAHON OF: - vvrwreere “ Substations (See also Substations)....H 8 2
Inductance ...... ... i H 1 10 “ Switches, High-Tension Air-Break ....H 8 21
“ Inductance and Capacity in A.C. S © 1 H 8 17
CIFCUILS ot i er it et e et ie e e H 1 3 “ Switchgear ... e H 8 11
“ Inductance and Inductive Reactance, “ Three-Phase Currents ................ F 2 5
Calculating ..o oiivi i H 1 13 “ Three-Phase Motors, Operating
“ Tnduction Voltage-Regulators ........ H 4 28 Principles ....... ... il F 2 11
« - : “ Transformers (See also Transformers).H 4
Inductive Reactance, Capacity Reac- C !
“ Transmission Lines (See also Trans-
tance and Impedance.............. H 1 10 > . .
g H 3 mission Lines) .................... H 7 17
In.strument Transformers ............. 4 0 “ Transmission Lines, Lightning
“ Kilovolt Amperes ......... .o, H 1 22 Arresters (See also Lightning
“ Lenz Law of Induction............... H 1 11 ATIESEOIS) v ittt in e, H 7 45
“ Lightning Arresters (Sec also Lightning “ Two-Phase Currents ...... RERETRRPERS F 2 5
Arresters) .. oi.ieeiiiiiaeiie .. H 7 45 “ Two-Phase Motors, Operating
“ Machines Winding ............. F 2 2 PI‘iHCiplCS ......................... F 2 10
. L . O VAlEES Of i H 1 7
Maintenance, (Also see Maintenance).. H . % “ Voltage, Generation of................ H 1 5
“ Maximum and Effective Values....... H 1 7 “« « « « F 2 2
“ Measurements ...........ieeeiie.. H 1 27 “ Voltage Regulators .................. H 4 28
“ Mercury Arc Rectifiers ............... H 6 7 “ Voltmeters and Ammeters............ H 2 2
“ Meters, (Also see Meters A.C.)........H 2 2 “ Wa}ttmeters -------------------------- H 2 4
“ Meter Tests and Power DProblems....H 1 30 /\iternatlon, A.C. Currfné ......... SERERRRY F; ; ;)
“ Motors, (See also Motors A.C.)...... H 5 2 Alternators, 'I:ypcs and OIlS[IllCt'lO[l ....... :
« o« H 6 2% Alternators, Types ond Construction....... H & 2
ComEelen®  oosaowocasnaserasscsaos Aluminum Cell Lightning Arrestors.. ... .. H 7 50
“ “ Starters (See also Starters, A.C. Aluminum Conductors, Line Transmission..H 7 18
Motor) ... H 6 26 Amalgamate Cell Elements................. A 38
“ ‘ Synchronous, Starting Compen- AMMELEr ..t e e e A 3 22
sators and Protective Devices..H 5 26 Ammeters, A.C. ... .. .. . H 2 2
“ “ Three-Phase ......ccciciiieivnnn. H 3 13 Ammeters, D.C. ... ... ... .. i G 2 14




6. INDEX
Part Sec. Page . Part Sec. Page
Ampere-Turns ....cooiiiiiiiiii ... A 52 Armature Reaction, D.C. Generator......... 1 14
Annunciators, Signal ...................... B 1 21 “ Risistance and I.R. Loss, D.C
Anode or Positive Pole..........oovovi ... A 37 Generator ...oveeiieneneeeennnnnnn, 1 15
Arc Light and Heat.......ovvirinnvnnn... A 18 Artificial Magnets ....c.ovveiiinininrnniinn. 43
Arc-Over Values, Lightning Arresters...... H 7 55 Auto Valve Lightning Arresters............ 7 48
Arc Transmitter .......ccoveiviveinennnnn.. K 11 Automatic Induction Regulators............ 4 29
Armature, A.C., Construction of............ H 3 4 “ Telephones ........coiiiiiniiniiin . 3 20
E 2 F 1 4 “ Voltage Regulation of Alternators.... 3 10
“ “ Banding ........ciiiiiiiiea.., F 1 23 Automotive Electricity .....................
“ “ Coil and Slot Insulation.......... F 1 11 “  Batteries, Storage ............... e 14
“ “ Coil Span of..ooviiiiii i, iy 1 15 “ Bendix Drive for Starters............. 41
“ “ Coil TUrns veovvvvneiniinnnni, F 1 9 “ Carburetion ..........cciiiiiiiia... 5
“ “ Coil, Types ofevivvvnnieneenn.... F 1 11 “ Distributors ... e 20
“ “ Coil Winding .......cooivvnua.. F 1 12 “ Distributors, Spark Advance........... 21
“ *“ Collecting and Recording Winding “ Double or “Dual” Ignition............. 23
Data coveviniinnininininn... F 1 23 “ Effects of Self-Induction in Coils...... 16
“ “ Commutator Pitch .............. F 1 19 “ Eight-Cylinder Engines ............... 10.
“ * Connecting Coils ................ F 1 17 “ Eight-Cylinder Engines, Distributors...1 24
“ “ Construction .............c....... F 1 4 “ Electric Starter ......vvvveiieninen.nn. 39
“ “ Cutting Out Faulty Coils......... 19 1 28 “ Engines, Firing Order................. 9
“ " Eddy Currents 20000000000000000G F 1 4 “ Four-Cylinder Engines ................ 9
: :: Emergency Repairs .............. F 1 28 “ Fuel Combustion ............cccvuuen. 7
« « L 22400009050209009000¢000m000 3 ! g " Generators ...l 44
Galvanometer Tests on........... F 1 .27 @ “  Adjust Charging Rates.......... 46
“ “ Generators ........iiiiiiiiieennn. G 1 8 “ « Cut-Outs ........ o 47
“ * Governor Effect of Counter EM.F. F 1 9 « « 43
“ “ Grounded COils ........o.uv..... P12 .. Troubles ....... DAMSARRALEISREREL
« “ Grounded Commutator Segments,F 1 27 Yoltage Regulation .............. 45
“ “ Growler Tests .....oooooooern. ... F 1 24 - “ H‘eadhghts R CRRRERECEEERTITRTREPRES 50
] “ Inserting Coils for Lap WmdmgF 1 16 “ ngh Sqeed DlSt‘I'lbutOI'S.... ............. 24
“ “ Inserting Coils of Wave Winding. F 1 18 “ High Speed Engine Ignition........... 23
6 “ Insulations, Coil and Slot........ F 1 11 “ High-Tension Magnetos ............... 31
@ “ Lap Winding ................... F 1 14 BN = o3 ¥ T A 56
“ “ Lap Windings, Inserting Coils....F 1 16 “ Ignition Coils .....ccvviiiriiinninnn. 14
“ “ Loose Coil Leads................ F 1 26 “ Tgnition Coil Resistance .............. 16
¢ “ Magnet Wire .............vo.. F 1 10 “ “ Condensers .......c.ceeiiniaeeeas 15
“ “ Multiple Windings .............. F 1 21 “ L OCKS vttt e e e 25
“ “. Open Circuit .........c...0vuu.n. F 1 26 @  SYSEMS vt e 13
“ * Repairs, Emergency ............. 19 128 “ o TIMING e 22
“ “ Reversed Coil .........c.cvvn.t.. F 1 27 « “ Trouble Shooting ......cocoov.... 26
¢ “ Reve'rse'd Loops ........coooiinn. F 1 27 “ Lightning Equipment ................. 48
.. Rewinding, Old ................. F 1 21 “ U SWtCheS L.vtiatis e 52
¢ “ Short Circuits ................... F 1 26 « “ Troubles e 53
“ “ Shorted Commutator Segments...F 1 27 “ M to Breakers .. ..... ..o 34
“ “ Shorts Between Coils............ F 1 27 . ‘a‘tgn]; S
€ SIOMS e F 1 5 istributor ......ocennln e 34
“ “ Spider ..., F 1 4 ) * Ground Brush and Ignition Switch.I &
“ 1] Symmetrical and Non-Symmetrical “ “ Safety Gaps ...................... 33
Connections ..........o.o.ove... F 1 22 © " Timing o 34
“ “  Taping and Shaping of Coils..... F 1 13 “ “ Troubles ...t 36
“ I Y U F 1 24 “ Six-Cylinder Engines .................. 10
“ « Troubles ....eiiiiiiiiiiiiin... F 1 25 “ Spark Advance and Retard............. 7
@ “ Voltage Changes ................ F 1 21 “ Spark Plugs ...ttt 18
“ “ Wave Winding .................. F 1 17 “ Special Ignition Systems .............. 23
“ “ Winding ..oieiii i F 1 2 “ Starter Troubles ...........ccvivnnnn... 43
« “ Winding Coils .................. F 1 12 “ Valve Arrangement ................... 7
“ “ Winding Element ............... F 1 19 “oValves i e 4
“ “ Winding Large Armatures ...... F 1 20 “ Vibrating Type Ignition Coil........... 17
“ “ Winding, Preparing for.......... F 1 16 “ Wiring Systems .....eiiiiiiiiiiieenns 57
“ “ Winding Progressive and “ Wiring Troubles .........ccveivniennnn 55
Retrogressive ....ovevvuien.... I 1 18 Aviation Lighting (See Illumination)....... 31
“ “ Winding Small Armatures........ F 1 20 Baking Temperature and Ventilation for
“ “ Winding Tools .................. F 1 24 Insulating Varnish ................ 2 26
“ “ Wire Insulation ................. F 1 10 Balanced System, D.C........coooinveio.... G 1 27
“ Elementary ......c.eiiiiiiiniiiiiiian. A 16 Balancer, Three-Wire Generator, D.C....... G 1 28
“ Oscillator, Synchronous Converter....H 6 24 Bar Magnet ..ovvveriiniiniiiieniininnnnnn 44
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Part Sec. Page Part Sec. Page
Batteries ................ ... ... ... . A 135 Brushes, Carbon, D.C. ..................... G 3 31
¥ 50000000000000a00000ARAEE00008 0588 000k A 36 “ “ “ Adjustments on Interpole
“ Automotive Storage ................... I 14 . Machines .................. G 1 33
“ Radio ... K 66 “ « ¢ Adjustments ....... e, G 3 37
Signal ... B 1 4 “ “ “ Leads or Shunts............ G 3 33
Storage, .......... i J 1 “ “ “ Materials ..., G 3 31
‘ Buckled Plates ................... I 24 “ “ “ Pressure or Tension........ G 3 33
“ “ Buildi.ng New Batteries........... J 33 “ & “ Requirements ............... G 3 31
“ “ Cadmium Test .................. J 13 @ “ Resistance .......oouenono .. G 3 32
“ “ Capac?ty ......................... 7 16 & “ “ Duplicating and Ordering....G 3 34
Capacity Tests .................. J 17 “ “ “ TFitting to Commutator...... G 3 35
Care ... J 25 “ “ “ Graphite .................... G 3 32
“ “ Care of Edison Batteries.......... J 37 “ “ “ Severe Service ............. G 3 32
" “ Cell C;ontainers and Cases........ J ’ 6 « “ “ Special oo G 3 32
Charging .................... ... J 18 “ ¢ Hammer .............i..... G 1 10
: : Charg%ngl Constant P(.)tentizq ..... J- 20 “ @ “ Holder .......... ... G ) 9
Cf}l;;‘lgmg from D.C. Lines with “ “ “ Setting for Neutral Plane....G 1 31
. B epstats 2000000000030000000000 J 22 ‘“ I ‘“« Shlftmg, with Varying Load
Charging Edison Cells............ J 36 g ] g
“ “ . on Machines without
Charging Rate ................... J 19
« “ A . Interpoles ................. G 1 31
Chemical Action, Charge and
Discharge 7 10 “ D.C. Generators ................u.oui.. G 1 8
“« “ Construction . ... .. o b 3 BTA Variable-Speed AC Motors.......... H 5 30
« “OCyeling o i) 17 Burglar Alarm (See Signals)................ B 2 7 .
“« “ Edison Nickel-Irom .............. T 33 Buzzers, Signal............................. B 1 14
“ “ Electrolyte ... i, J ] Cable, Transmission Lines.......... e H 7 16
“ “ Electron Bulb Chargers ......... j 19 Cadmium Test, Storage Batteries........... T 13
“ “ Hydrometers .................... J 8 Calculations of Electro-Magnetic Forces. . . .: A 52
“ “ Hy-Rate Discharge Test ......... T 15 Call System, (See Signal).................. B 1 23
“ “ TLead-Acid Cells .................. J 2 Capacity of A.C. Circuit.................... H 1 14
“ “ Lead Burning ................ . 28 Carbon Pile Starters, A.C. ................. H 6 30
“ “ Molding Straps and Posts........ J 31 Carbon Pile Starters, D.C................... G 3 17
“ " Opening and Disassembling....... J 26 Cathode or Negative Pole.................. A 37
o o ossd BIREE oo000000000m0000000: I 2 Cell eiie A 15
Placm’g in Storage ............... J g2 Care A 39
“ “ Planté Plates ............c....... J 2 « o
. Current and Life...................... A 37
“ ¢ Plate Paste Formula ............. J . 3 « 2
« « . Lead Plate Storage.................... J 2
Reassembling .................... J 28 .
« « Repai : = “CoVoltage oo A 37 ,
epairs and Shop Methods........ J 25 c I Stati See AC - 7 5
“ “ Replacing Defective Plates and entr.a tatlons. (See ACH....oooii.
SEPAFALOLS v vvnees J 27 Cei‘ntnfufgal Switches. ... ... F 2 9
“ “ Retainers and Isolators........... J 6 Switches, A.C. Motors ................. F 2 31
“ € SePAratorS ..eirir T g “ Switches, Defective.................... F 2 31
“ “ Shop Equipment ................. J 33 “  Switches for Single-Phase Motors..... F 2 9
“ “ Specific Gravity .................. J 8 CGS. Units.. oo A 53
“ o TeStS e e J 11 Charging Rate Adjusted, Automotive
“ “ Troubles and Remedies........... J 23 Generators .......vireneeinennn. 1 46
“ % Voltage TeSts ..........ecouv.... J 12 Charging Storage Batteries................. J 18
“ Telephone ................ ... ... B 3 7 Chemical Effects of Electricity............. A 19
Bearing Currents ......................... H 6 25 Chemical Method of Producing Current....A 15
Bearings, A.C. Generator .................. G 1 11 “Choke-Bars” of Double-Squirrel-Cage
“ Lubrication, A.C. Maintenance........H 8 38 MOtOTS oo o 5 29
® Maintenance ... H 8 34 Choke COilS. .. ..ovuwineer i H 1 12
) “ Tight or Worn. e 1 .................. ]I;: f 39 Choke Coils, Line Protection............... H 7 46
Bell Transformers, Signal.................. N Circuit-Breakers, A.C. ..................... H 8 17
Bells and Buzzers ......................... B 1 14 . e G 2 6
Bent Shaft and Bearings Out of Line, A.C. L » P
. Alr oo G 2 6
Machines ...... oo, F 2 31 . . « c i M X G 2 8
Blow Torches, Operation and Carc of...... G 3 44 . . ¥ B e ounting..........
BOIErS «o.iuitiiaieeiet et H 7 4 . . 9 co0c90590005000000m000000 & 8 G
Brake Horsepower Tests................... G 3 9 .. Ov?rload Release........... G 2 7
Branch Circuits (See Wiring).............. c 2 16 Series Type.Overload |
Brush Adjustments on Interpole D.C. . Release Coils ..............G 2 7
Machines .........covvvininni... G 1 33 “ “ “ Trip Coils oo . G 2 7
Brush Lifting Mechanism, Synchronous “ “ “ Trip Coils or Overload
Converter ....oviiiiieiniiana, H 6 23 Release ................... G 2 7
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3 INDEX
Part Sec. Page Part Sec. Page
Closed Circuit Cells.. .. oo A 38 Controllers, D.C., Overload Protecting
Cobalt, Steel ..o A 48 Devices, Care of ................ G 3 38
Coil and Slot Insulation, D.C. Armatures....F 1 11 ¢ “ Remote Control ................. G 3 19
Coil Span, D.C. Armature.................. F 1 15 “ “ Reversing Drum.............c.c.... G 3 25
Combination of Series and Parallel Circuits.. A 34 “ “ Shunt Trip Coils and Overload...G 2 7
Commutation and Interpoles, D.C. “ “ Speed Regulating ................ G 3 16
GENEratOrS «ovvte it ie i ie e G 1 30 “ “  Starters, Automatic............... G 3 18
Commutator ......ei A 58 “ “  Starters, “Blow-Out” Coil........ G 3 23
“ D.C ACHION ettt e F 1 7 “ “  Starters, Carbon Pile ............ G 3 16
“ “Generalors ... G 1 8 “ “ Starters, Magnetic................ G 3 20
‘e “  Maintenance and Resurfacing..... G 3 37 “ “  Starters, Terminals and Con-
“ “ Mica Undercutting .............. G 3 37 NECHOMS o't veie e eee e G 3 15
“ Piteh, D.C. Armature............... F 1 19 ‘“ “ Starters, Threce & Four Point D.C..G 3 14
Compass Test of Magnets....... ... ... A 47 “ “  Starters, Time Element on........ G 3 19
Compound Generators, D.C................. G 1 18 “ “ Starting Drum Control........... G 3 27
Compound Magnet .............oooeuoiii. A 47 “ “ Starting Rheostats .............. G 3 12
Compound Motors D.C.........ooooio . G 3 8 “ “  Switches, Reversing Drum........ G 3 25
Condenser Charging Current............... H 1 14 Converter, A.C. Synchronous............... H 6 16
Condensers, Location of.................... H 5 37 Converter Stalions ........................ H 38 3
0 RAAIO et e e K 23 Converters, Synchronous, Arc Chutes and
€USEALIC w et H 5 36 Barriers ... H 6 24
“ Static, ElCCLricity .veeeeeriiniinnnn.. A 9 “ “ Armature Con.nectlons ........... H 6 18
“ Static, Operation of................... H 5 37 o emelins OSEIEIER ooococaonasss H 6 24
113 Static, SiZC Required for P.F. COI‘I’CC— N B . Aux1.11.ar1es .............. R H 6 23
IO 000000000500 ana08a0 1000000800 H 5 40 Auxiliary Brush for Bearing
€ SEOATTL - n v e vrre e e e e H 7 5 Curren.ts. """""" S 15! © Z
« “ “ Brush Lifting Mechanism ....... H 6 23
Telephonrc‘ ............................ B 3 12 “ “« Building up D.C. Voltage........ H 6 2
Conductance, The ,MHO """" St A 23 “ “ Characteristics and Connections..H 6 18
“ Method (Resistance Calculation)......A 31 « I H 6 20
Conductor Spacing, Transmission.......... H 7 30 “ “ Correcting Polarity ............. H 6 23
CondUCIOTS oottt it e e e e e A 16 « “ Tield Connections ............... T 6 19
Conduit (See also Wiring).................. C 1 18 “ “ TField Excitation ......oooooonoo. . N5 6 19
Conscquent P’oles (Magnetic).............. A 47 4 “ TFlash Over Relays and Temper-
Constant Potential Charges, Storage Battery.J 20 ature Relays .......c.coo...... H 6 25
Construction of D.C. Machines............. I 1 3 & “ Overspeed Device ............... H 6 24
“ Electrical (See Wiring)............. C @ “ Power Factor, of................ H 6 20
Control of Electricity...... ... ... ......... A 23 « “OSHATHING e H 6 21
Controllers, A.C....oivviiiiiiii e, H 6 26 « “ Voltage Control ................. H 6 20
“ O DIUITL v e et e e e H 6 40 “ “ Voltage Ratios .................. H 6 20
“ “ Drum Connections .............. H 6 42 Cooling of A.C. Generators................. H 3 6
“ “ Drum Starting, Reversing and Cooling of Transformers................... H 4 6
Speed Control ...... ... oi.... 51 6 27 Copper Conductors, Line Transmission....H 7 18
“ “  Full Voltage or Across-the-Line Copper Oxide Rectifiers.......cooovivi.t. H 6 6
Starting ......... ..o H 6 27 Corona, Transmission Line................. H 7 36
“ ¢ Installation Care and Main- Coulomb .ottt A 20
({I¥AEE 0000000000000000000 0000 H 6 44 Counter EM.F. in D.C. Motors............. G 3 4
“ “ Maintenance ...........ooooeenn H 8 50 Counter EM.F. in Motors.................. F 1 8
“ “OMotor aaaiieeie e H 6 26 Counter-Voltage of A.C. Motor............ H 6 28
“ “ Motor Overload, Time Delay and Counter-Voltage of Self Induction.......... H 1 11
No-Voltage Devices............ H 6 26 “Creeping” A.C. Watthour Meters.......... H 2 10
“ “ Printing Press .................. H 6 39 Crecping of D.C. Meters......ooovveeeron... G 2 20
“ “ Protective Features ............. H 6 35 Cross Arms, Transmission Pole............. H 7 29
“ “ and Switching, Equipment, Current Flow ... . i i A 14
Installation ................oons H 8 27 Current Transformers ............oooven.. H 4 30
“ “ Voltage Reducing................ H 6 29 Cycle, A.C. Current ..........coouruuene... H 1 6
“ D.C, Carcofi oo G 3 38 Cycles and Alterations ..................... F 2 3
“ “ Dash Pots for Time Delay........ G 3 20 Cycling Storage Batteries .................. i) 17
“ “ Drum ..o G 3 24 Damping of A.C. Meters................... H 2 3
“ “ Drum, Construction of........... G 3 2z Daniel Cell ...ooiiii i, A 38
“ “ Drum Control for Reversing and Decomposition by Electrolysis............. A 19
Speed Control ................ G 3 27 Deion Arc Quenchers, AC................. H 6 40
“ “ Economy Coil, Remote Control...G 3 19 Deion Circuit Breakers ........c.ooeoi... H 8 21
“ ¥ oMotor L. G 3 14 Delta-Star Connections .........c....c...... H 4 21
“ “ “No Voltage” and “No Field” De-Magretizing o orerorerrneaeorneonnn. A 46
Release Coil .......c..oonnnnt, G 3 15 0

Dielectric ........ 0000a00 08000 ceraeaeiaii i A
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Direct Current ............. .. ... ... .. .. ... A
“ “ Armature ... F
“ “ Armature Commutator ........... F
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“ “ Circuit Breakers ................ G
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How to Use This Reference Set

This reference set will be of use and value to you
in exact proportion to the time and energy you
spend in studying and making use of it.

It is best when possible to study a little each day,
and preferably on the subjects covered that same
day in your department lectures and shop work.
And also if possible to read ahead on the work to
be covered the following day in the shops.

Do not rush through any part in order to cover a
large amount at one time. Instead, read it
slowly and try to gain a thorough understanding of
it as you read and think it out.

Remember definite thinking and studying, or
mental effort, will develop your mind the same as
physical exercise develops your muscles.

The more one studies and thinks along the lines
of his chosen work, the faster and easier he can
study, and also think of the right things to do when
out on the job.

We have prepared a great number of diagrams
and illustrations to help you get a better under-
standing of certain devices and principles. These
have been numbered and arranged as conveniently
as possible, so they will be easy to refer to as you
study the sections describing them.

Refer to them freely and study them well, as they
are a great help to fix a permanent picture or im-
pression of certain important things in your
memory.

Each of the most important branches of the work,
has been covered in separate sections and given
proper titles to indicate what they contain. And
all of the subjects within these sections are given

sub-headings and article numbers in the larger type.
Certain important words, terms, and rules are also
set out in large type.

Pay close attention to each sub-heading, as it
will help you center your mind and attention on
what is to be learned in the paragraphs following.
And while it is not necessary to memorize each term
or law printed in the large type, it is well to read
them over several times to be sure you thoroughly
understand them.,

The arrangement in sections and the sub-head-
ings above mentioned, will also make it easy to find
what you want to look up when using the set for
future reference, to help you with problems from
your daily work on the job.

Here again, we want to remind you, that the
set can be of great value to you if you use it as
you should. After graduation, never lay this set
on a shelf and forget it, even for one week. From
the day you start your first electrical job, and just
as long as you still want to advance to a higher
position and salary, plan definitely to refer to it
daily or several times a week, to brush up on every-
thing possible in connection with your work.

This is the proper way to use this reference set, to
obtain its greatest value. It is also the way many
of the best engineers and electrical men in big posi-
tions today have reached their goal, many of them
without much previous schooling.

Any average student who does his shop work and
course thoroughly, and makes good use of his notes
and this reference set, can feel certain of his ability
to handle any kind of ordinary electrical work, and
rapidly advance to the top.







THE ELECTRICAL FIELD

USES AND APPLICATIONS OF ELECTRICITY
GREAT OPPORTUNITIES FOR TRAINED MEN

The electrical industry is one of the greatest in
the world today. It is a comparatively young
industry, and it was only about 55 years ago that
we commenced to use electricity to any great ex-
tent. Yet today there are many billions of dollars
worth of electrical machinery and equipment in use
in this country alone, and new electrical equipment
is being manufactured at a rate of over $1,000,000,-
000.00 worth per vear.

In practically every country in the world, elec-
tricity is coming into greater use, at a rate so tre-
mendously fast, that it is impossible to predict the
extent and size of this great industry for even a few
years ahead.

Every student of eclectricity should be vitally
interested in the great size of this industry, and the
many thousands of uses to which electricity is
being put today. It gives him certain assurance
that he has plenty of opportunities to “cash in” on
every bit of training he can obtain.

There are so many different branches of electrical
work today, that the trained man can choose almost
any kind he desires.

INDUSTRIAL POWER AND LIGHT

Industrial plants and factories all over the coun-
try use electric power by the millions of horse
power, and are over three-fourths electrified at
present. Electric motors, ranging from a small
fraction of one horse-power to many thousands of
horse-power each, turn the wheels of these great
factories and mills.

Almost every new plant that is built is completely
equipped with electric power machinery because it
is so much cleaner, quieter, safer, and more efficient
than any other power.

Electric lights by the millions brighten the mod-
ern factory to speed up the work, and make safer
and better conditions for employees.

Electric furnaces melt our finest steels and
metals. Electric arc welders, spot welders and butt
welders replace riveting and bolting in the faster
and better construction of our manufactured metal
products today. Electric enameling ovens and heat
treating furnaces are also coming more and more
into use, by the thousands of kilowatts each year.

Many thousands of men are required to install,
operate and maintain this power, lighting, and heat-
ing equipment in these shops and factories.

TRANSPORTATION

In transportation we find electricity used on a
vast scale. Electric street cars, elevated and sub-
way trains in our cities, and electric interurban lines
between towns are common. And the great rail-
way lines are electrifying more every year. Power-
ful, silent, electric locomotives and motors, pull
many trains over hundreds of miles of the most
difficult mountain railways, as well as the level
runs.

Then there are the electric block signals on every
principal railway in the country, and the automatic
electric train control equipment installed on many
lines, to say nothing of the train lighting and many
other uses. Even on the seas, we have great battle
ships using as much as 180,000 horse-power of elec-
tric energy each, just to drive their propellers. Mer-
chant marine ships also use hundreds of thousands
of horse-power of electrical machinery.

COMMUNICATION

Electricity operates our many millions of tele-
phones, making it possible to talk to our friends, or
conduct our business over a few miles, or across
the ocean, as we please. These and our vast tele-
raph systems require many thousands of electrical
men in pleasant, fascinating work, to install and
maintain them.

Then we have the radio industry, just another
branch of electricity, and while it is only a few years
old, we have many mililons of radio sets bringing
education and entertainment to our homes through-
out the country today.

And now the newer fields of auto radio, sound
amplification and television

There is a genuinc need for many trained elec-
trical men in these branches.

Many streets in the larger cities are electrically
lighted at night, almost as bright as day light.
Special electric lighting beautifies the outside of the
great skyscraper buildings. Electric signs with
thousands of lamps in each of the larger ones, flash
their advertisements in all colors.
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ENTERTAINMENT

Our marvelous motion pictures of today, with
their great entertainment and educational value, are
made possible by electricity. Great electric lamps
of from 1,000 to 50,000 watts each, light the studios
for the photography. Electric projector machines
reproduce pictures in the theatres, and the beautiful
stage and theatre lighting effects add their part
electrically. :

The talking movies are also electrical devices
which arc simple enough to those who have a
practical training in clectricity and radio.

AUTOMOTIVE AND AVIATION
ELECTRICITY

Every onc of our many millions of gasoline au-
tomobiles, trucks and tractors, use electricity. It
ignites the gasoline, starts our cars, provides the
lights, horn, and other conveniences on the modern
motor cars. FElectrical experts who can repair the
trouble of these electrical systems and their elec-
trical units, including the storage batteries, can
draw good pay or run a very profitable business of
their own.

Aviation is another great field, requiring many
more trained electrical men each year, to take care
of the ignition equipment of these great airplane
engines. The landing and flying lights and elec-
trical instruments on the plane, the radio beacon
and communication equipment, air port lights and
route beacon lights, all require trained electrical
men in the finest kind of work.

HOME LIGHTING AND
CONVENIENCE DEVICES

In our homes electricity gives us plenty of clean,
convenient light, beautifying the home, and saving
our eyes when we read and study, and actually giv-
ing us many more useful hours each day.

Then there are the electric fans, toasters, heaters,
vacuum cleaners, washers and ironers, refrigerators,
kitchen utensils, and dozens of other electrical con-
venience devices saving time and eliminatirg drudg-
ery in the home. g

These things are no longer limited to the city
homes alone. Farm and rural electrification is
one of the fastest growing branches of this indus-
try. Hundreds of thousands of farms are electrified
today, with their own private plants, or from lines
of the power companies. The modern farmer is
beginning to usc electricity to save time and earn

money for him, just as the business man or factory
owner does in the cities.

So we see that electricity is rapidly becoming a
great part of our entire life and civilization. And 1t
is literally true as the late Dr. Steinmetz said, “that
if we were to remove the electric wires from the
world today, our civilization would look like a
sieve.”

Now, this brief review of some of the most im-
portant uses of electricity serves to show us what
a great industry it is, and what a variety of differ-
ent branches the trained man has to choose from.

GREAT OPPORTUNITIES
FOR TRAINED MEN

The field and uses of electricity increase at such
a rapid rate each year, that it requires many more
trained men yearly, to install, operate and maintain
all this equipment.

Thousands of additional trained men are required
each year to replace those who retire from this
great field. Employers require more than ever be-
fore, men with practical training to install and op-
crate their expensive clectrical equipment.

So if you have carefully read and thought over
this brief description of the electrical industry, I
am sure you can see that there is no field of greater
opportunity for fascinating, steady work at good
pay, and with real opportunities for .advancement.
Electricity offers all these to the ambitious man,
who will study and train to become a qualified and
efficient electrical worker.

The following material in this reference set, has
been prepared in simple practical form, to make
easy the things about electricity that remain so
mysterious to the ordinary untrained man.

We believe that every ambitious student who is
not afraid to study and do his part, and who takes
pleasure in adding to his practical knowledge of
electricity, will enjoy his study of every page of
this set.

We can assure any student that when he has
properly completed his shop course in all depart-
ments at Coyne, and the material of this set, he will
have a splendid practical knowledge and training.
And he can feel very confident of his ability to
undertake and handle many types of electrical
installation, operation, or maintenance work.

()




ELEMENTARY ELECTRICITY

ARTICLE 1.

The very important purpose of this section is to
acquaint you with the general nature of electricity,
how electrical energy may be produced in com-
mercial form, and the fundamental laws and rules
by which we control electricity and its various use-
ful effects.

Jt is not necessary for the practical man to try
to obtain an exact definition of electricity, or exactly
what it is in terms of detailed scientific theory. But
is well to understand that we consider electricity to
be in and throughout everything. In fact all matter
is considered to be made up of electricity, or elec-
trons in continuous whirling motion. These elec-
trons compose the very atoms of matter, which
themselves are so small that we cannot see them
evenn with the most powerful microscopes.

So we find that electricity is a natural force or
element, present in all things, and we do not create
or produce it, but instead we have merely learned
how to generate electrical pressure to set the elec-
tricity in motion.

~

2. FORMS OF ENERGY

In this way we transform some of our various
forms of energy into electrical activity or energy,
and use this electricity to carry and give up or
reproduce its energy wherever we want it in useful
forms, such as light, heat or power.

For example in Figure 1, we have the latent
energy of coal, which was stored in it ages ago by
the sun, given up by burning or combustion. This
burning of the coal produces heat energy. The heat
boils the water and changes it into steam under
pressure in the boiler, and from here we pipe it to
an engine.

Under control of proper valves, the steam expands
in the engine cylinder pushing the piston, turning
the wheel and giving up its energy in the form of
useful mechanical power.

Then we use this power by means of a belt, to
drive a dynamo which generates electrical pressure
and sets electricity in motion in commercial form.
This electricity flows silently and incredibly swift
through little wires to the lamp, where it is again
changed into glowing incandescent heat or light.

So you see it is simply a cycle of transformation
of one kind of energy to another. And electricity
being so much cleaner, more convenient and effi-
cient is why it is preferred to all other forms of
heat, light or power. We can, of course, use water
power, wind power, and gas or oil engines as well
as steam, to drive our electric generators, and we
will take these up later.

3. STATIC AND DYNAMIC ELECTRICITY

Now before we go further in this phase or part of
our work, let us consider the two different forms
or conditions of electricity we have to deal with.

These two kinds of electricity as they are often
called, are Static and Dynamic electricity.

Static Electricity refers to electricity at rest, in
the form of charges, or not flowing in the usual
commercial form. ’

Dynamic Electricity is electricity in motion,
or flowing through wires and devices in our
usual commercial form. This is by far the most
common in the work of the average electrical man,
and will be the kind the greater part of this refer-
ence set deals with. But Static Electricity is quite
often encountered in our work also, and every thor-
oughly trained man should have a general knowl-
edge of its nature, how it is produced, and how to
control it.

4, STATIC EXPERIMENTS

One of the simplest examples of static electricity,
is the rubbing of amber with wool flannel, which
causes it to become charged and attract small bits
of paper, wood or pith.

This was discovered about 600 B. C. by a Greek..

The Greek word for amber being Elektron, and
the Latin word Electrum, the name Llectricity was
given to this charged effect.

It was about 22 centuries later, in 1600 A. D.
that Dr. Gilbert, an English physicist, discovered
that other materials such as glass, hard rubber,
wax, etc., would become charged by rubbing with
silk, wool or fur. These will also attract bits of
paper, string, etc.

Try this by rubbing your comb or fountain pen
briskly on your coat sleeve, and then bring it near
to very small bits of thin dry paper.

5. POSITIVE AND NEGATIVE CHARGES

We can probably best understand how this oc-
curs, if we refer briefly to the electron theory of
matter again. All matter is supposed to be made
up of atoms, consisting of a Positive nucleus or cen-
ter, and negative electrons whirling around this
positive nucleus.

In normal uncharged bodies of matter, these posi-
tive and negative forces are equal or balanced. And
when we briskly rub two unlike bodies together,
the theory is that some of the free electrons of the
surface of one body are removed to the other. This
creates an unbalanced condition, with one body hav-
ing a shortage of negative electrons, and the other
an excess. The body with the shortage of negative
electrons, is said to be Positively charged, and the
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Fig. 1. Sketch showing how heat energy of coal is changed into mechanical energy by the engine, then to electrical energy by the
generator, and into heat and light again by the lamp.

one with the excess of negative electrons is Nega-
tively charged. So much for the theory by which
static charges occur or are produced.

We now see that we can set up opposite condi-
tions of charge on different bodies, and we call them
Positive and Negative. When we set up such a con-
dition, we say there is a difference of potential or
electrical pressure between them, and this pressure
tends to cause electricity to flow and balance them
up again.

Now, if we take a piece of amber which has been
negatively charged, and bring it into contact with
two suspended pith balls, as in Figure 2A, the pith
balls will both take on or absorb negative charges.
Objects of this nature will often take on a charge
from a short distance. This is called an Induced
charge.

6. STATIC REPULSION AND ATTRACTION

Now, as soon as the two pith balls have been
given like charges, we note that they immediately

push apart or repel each other. And they will also
repel each other if both are positively charged, as
we can prove by giving them a positive charge from
a glass rod which has been rubbed with silk. But if
we charge one pith ball negatively from the amber,
and one positively from the glass, they will at once
draw together or attract each other. (See Fig. 2B.)

This proves one of our most important electrical
laws, as follows: Like Charges repel each other
and Unlike Charges attract.

This law of electricity should be memorized,- as
it is very important, and many electrical devices
have their operating principles based on it.

7. STATIC MACHINE

A number of very interesting and valuable dem-
onstrations of this law, and the nature and effects
of static electricity, can be made with a static ma-
chine such as used in the elementary department of
your shop course.

The static machine is shown in Figure 3. It is
simply a device to produce strong charges of static
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Fig. 2-A. Pith balls with like static charges repel each other.
Fig. 2-B. Two balls with unlike charges attract each other.
electricity, for various experiments and tests. With
it we can produce charges many times stronger
than by rubbing the amber, glass, or hard rubber

rods.

As you will note in IFigure 3, the static machine
consists of one stationary glass disk, on the back
of which are fastened some tinfoil strips. To these
foil strips are attached little wire brushes, extended
around to touch a row of metal buttons, which are
placed around the edge of a rotating glass disk,
which is revolved close to the stationary one.

These little metal buttons or carriers, convey the
little charges collected, to the metal system of the
machine. When the rotating disk is driven at high
speed by means of a hand crank, belt and pul-
leys, a charge is gradually built up by what is called
induction, as the metal buttons are whirled rapidly
by the foil plates and little wire brushes. This
gradually builds up a positive charge on one of the
metal spheres or electrodes and a negative charge
on the other.

It is possible to build up charges of such high
pressure or voltage, that a discharge in the form of
a spark will take place betwcen the two electrodes.

Fig. 3. Static machine, for producing strong charges of static electricity.
When the disks are rotated rapidly a spark an inch or more
in length can be produced.

This discharge tends to equalize or again balance
the positive and negative charges.

Sometimes these machines can be made to pro-
duce sparks an inch or more in length, which repre-
sent charges of several thousand volts. But these
charges are not dangerous, because they are of such
small quantity, or actual amounts of electricity.

If we attach simple Leyden jar condensers to each
of the electrodes of the static machine, we can get
it to store up or accumulate in them, much larger
amounts of electricity. Then when the discharge
occurs it will be a very hot snappy spark, and will
give quite a shock to anyone touching the terminals.

8. CONDENSERS

These condensers, which are used to store up
electricity in the form of static charges, are made in
many different shapes and sizes, but all on the same
principle. The Leyden jar type consists of an inner
and outer metal jar or cylinder of thin copper, brass,
or foil, separated by a glass jar. (See Figure 4.)

Fig. 4. Two types of Leyden jar condensers.

This provides two conducting surfaces of metal,
separated by an Insulator or Dieletric, in the form
of glass. (An insulator or dielectric is any mate-
rial which prevents the flow of electricity. These
will be explained later.)

When the terminals of a static machine or source
of electric charge are connected to the two metal
jars or elements, these will distribute a charge over
the surface area of the glass which they cover. Then
after the condenser has been so charged, we can

"discharge it by connecting a wire from one metal

element to the other.

Condensers are often made with flat plates of foil
or metal, stacked and separated by flat plates of
glass, rubber or mica. Others are made of strips
of metal foil and paper rolled together.

The area of the active or charged surfaces of the
condenser, and the quality and thickness of the
glass or insulation, determines the amount or quan-
tity of charge it will take, or the volume of the
spark when it discharges. A good thing to remem-
ber about any condenser is that the charge resides
on the surfaces of the glass or dielectric, while it
is charged. The metal elements simply act as con-
ductors to distribute the charge over the surface
of the glass while charging, and to collect it when
discharging.
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This can be proved by charging a Leyden jar
condenser of the type with separable jars. Then
carefully remove the metal jars with one hand only,
and by inserting one hand inside the glass jar, and
drawing the other over its outer surface you can get
a discharge to your hand, in the form of small
sparks.

Condensers of other types and their uses for
power, radio and other purposes will be discussed
later.

9. METHODS OF STATIC CONTROL AND
PROTECTION

Now that we have an idea of the general nature
of static electricity it will be well to consider some
of the forms in which it is often encountered in
every day life outside the laboratory. Also
some of the methods of controlling, or protecting
against it, because in some of the forms in which
it is produced by nature, and in our industries, it
can be very harmful if not guarded against.

For example, one of the most common occur-
rences of static in the home, is when we walk across
a heavy carpet, and by rubbing or scuffing action
of our feet we collect a strong charge on our bodies,
from the rug. Then when we come near to a
grounded radiator, or water pipe, or large metal
object, a discharge takes place from our body to it,
in the form of a hot spark, sometimes from half inch
to an inch in length.

In many cases the only effects of this are the sur-
prising little shocks or rather humorous incidents
caused by it. But in some cases it becomes so bad it
is very objectionable, and even dangerous. For ex-
ample a person’s body so.charged can unexpectedly
ignite a gas flame, or vapor over some explosive
cleaning fluid.

Where rugs are the source of objectionable static
it is sometimes necessary to weave a few fine wires
into the rug, or provide a metal strip at its edges,
and ground these by connecting them to a water or
steam pipe. Or it may be reduced by occasionally
dampening the rug a little.

10. EXPLOSIONS FROM STATIC

When handling any cleaning fluids of an explo-
sive nature, one should be very careful not to
rub the cloth too briskly, as this may produce
sparks and ignite the vapors. In dry cleaning
plants the various pots and machines should have
all parts connected together electrically, and thor-
oughly grounded with a ground wire.

Another common occurrence of static in a danger-
ous place is on large oil trucks. These trucks run-
ning on rubber tires over pavements on dry hot
days, collect surprising charges.
danger of this accumulated charge sparking to the

To prevent the’

operator’s hand or a can near a gasoline faucet, and

causing an explosion, these trucks should all carry
a grounding chain with one end attached to the
metal frame of the truck, and the other end dragging
on the ground or pavement. This equalizes the

charges, or lets them flow back to earth before they
build up to dangerous values.

Passenger busses are also equipped with such
ground chains or wires sometimes, to prevent the
passengers receiving a shock from static charges,
when stepping on or off the bus.

11. STATIC ON BELTS

High speed belts in factories and industrial plants
are often sources of surprising static charges. The
rapid movement of the belt through the air and over
the pulleys, will often build up charges that are
very likely to be harmful if not eliminated. In some
cases these charges from the belts will flash over
to electric motors or generators on which the belts
are running, and puncture the insulation of the
windings of these machines, causing leaks of the
power current through this damaged insulation,
which may burn out the machine. ’

Fig. 5. Sk-tch showing how static can be removed from a belt
by use of either a metal comb or roller., and ground wire.

A workman around such belts may get such a
shock from the static, that it will cause him to fall
off a ladder, or to jump against some running ma-
chinery and be injured. These. dangers can be
eliminated by placing a metal roller on the belt, or
a metal comb with sharp points near the belt, and
then connecting these combs or rollers to earth, or
a grounded pipe or metal framework, to carry away
the charges before they become so large. The
combs should be located from %4 to %% inch from
the belt. The closer the better, as long as its teeth
do not touch the belt. (See Figure 5 which shows
both methods in use on a belt.)

Many serious fires and explosions of mysterious
source in various plants, could have been prevented
by a trained electrician with a knowledge of how
static is formed and how to guard against it.

So you see, even in this first little section on
static electricity alone, you are learning something
which may be of great value to you on the job.
12. LIGHTNING

Lightning is probably the most sensational mani-
festation of static electricity that we know of.

Lightning is the discharge of enormous charges
of static electricity accumulated on clouds. These
charges are formed by the air currents striking the
face of the clouds and causing condensation of the

L)
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vapor or moisture in them. Then these small
particles of moisture are blown upward, carrying
negative charges to the top of the cloud, and leaving
the bottom positively charged. (See Figure 6.)

Or the reverse action may take place by heavy
condensation causing large drops of rain to fall
through part of a cloud. Thus one side of a cloud
may be charged positively and the other side nega-
tively, to enormous pressures of many millions of
volts difference in potential.

Fig. 6. Wind striking the face of a cloud, carries vapor and electrical
charges to top of it.

When such a cloud comes near enough to earth,
and its charge accumulates high enough, it will dis-
charge to earth with explosive violence. (See Figure
7))

The earth is assumed to be at zero potential. So
any cloud that becomes strongly charged will dis-
charge to earth if close enough. It is important
to remember that whenever one body is charged to
a higher potential or pressure than another, elec-
tricity tends to flow from the point of high potential
to the low. The direction of this flow 1s usually
assumed to be from positive to negative. It takes
place very easily through wires when they are pro-
vided. But it is hard for it to flow through air, and
requires very high pressure to force it to flash
through air, in the case of sparks or lightning.

Fig. 7. Photo of a brilliant lightning flash at night,

Very often a side of one cloud will carry a nega-
tive charge, and the nearest side of another cloud a
positive charge. When these charges become high
enough a discharge will take place between the two
clouds. (See Figure 8.)

13. FRANKLIN’S DISCOVERY

Benjamin Franklin with his kite and key experi-
ment, about 1752, discovered that lightning was
electricity, and would tend to follow the easiest
path, or over any conducting material to earth.

He actually obtained sparks from a key on his
kite line, to his fingers, and to ground. This led
to the invention of the lightning rod, as a protection
against lightning damage.

We say lightning “strikes” various objects such
as trees, buildings, etc., because in its tendency to
follow the easiest path to ground it makes use of
such objects projecting upwards from the earth, as
part of its discharge circuit or patl.

Fig. 8. Lightning flashing from one cloud to another, when clouds
carry unlike charges.

Rain soaked trees, or trees with the natural sap in
them are of lower electrical resistance than air and
so are buildings of damp wood or masonry, or of
metal. And the taller these objects are above the
ground, the more likely they are to be struck by
lightning.

When lightning does strike such objects, its in-
tense heat vaporizes their moisture into steam, and
causes other gases of combustion that produce
explosive force. And this along with an electro-
static stress set up between the molecules of the
material itself, causes the destructive action of
lightning. This can be quite cffectively prevented
by use of properly installed lightning rods. (See
Figure 10.)

14. LIGHTNING RODS

These rods arc made of copper or material that is
a good conductor of electricity. They should be
installed on the tops, or very highest points of
buildings or objects to be protected, and on all of
the various corners or projections that are separated
to any extent. These several rods are all connected
together by a heavy copper cable, and then one or
more ground cables of the same size, run from this
to the ground by the most direct path. In running
this ground cable, it should be as straight as pos-
sible, and if any turns or bends are made, they
should be rounded or gradual bends.
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Fig. 9. Large tree shattered by lightning, showing the force and power
of heavy lightning discharge.

The grounded end should be buried several feet
in moist earth, or securely attached to a driven
ground rod or pipe, or buried metal plate. The tips
of lightning rods are usually sharply pointed, be-
cause it is easier for electricity to discharge to or
from a pointed electrode, than a blunt one. These
pointed rods, and heavy conductors of copper, form
a much easier path to ground for electricity than the
ordinary non-metal building does, and in some cases
actually drain the atmosphere of small charges,
before they become dangerously large. When a
direct bolt of lightning does strike a rod, it usually
flows through the cable to ground, doing a little or
no damage to the building, because the heavy
charge of electricity flows through the good metal
conductor without causing the terrific heat that it
does in passing through air, wood, and other higher
resistance materials.

Such rod systems have been proven to be a great
protection, both by data collected on rodded and
unrodded buildings in different parts of the country,
and by actual tests in laboratories where several
million volts of artificial lightning have been pro-
duced and used on miniature buildings.

Tests also prove that rods of a given height, pro-
tect a certain cone shaped area around them as
shown in Figure 11. The diameter of this area at
the base, is about three to four times the rod height.
Many of the large oil reservoirs in western states
are protected from lightning fires by installing tall

masts around their edges, and sometimes with
cables strung between the masts.

Electric power lines are often protected from
lightning by running an extra wire above them on
the peaks of the towers, and grounding it through
each tower. (See Figure 12.)

More about protection of lines from lightning will
be covered later under lightning arresters.

But in this section we have covered ordinary
lightning protection, the general nature of static,
and the methods of controlling it, in the places
where it is most commonly found, in our homes and
factories.

Fig. 10. Sketch of house equipped with lightning rods, to carry statie

o and lightning safely to earth.

You will -have many uses for the principles
covered in this section, and they will help you to
better understand certain things that will come up
in your work in the field. Many of the hardest prob-
lems in “trouble shooting” on electrical systems,
are easily solved by the trained man who knows
these fundamental principles.’

In the next section we will find out more about
Dynamic Electricity, or the kind of “juice” that
operates our motors, lights, etc.

Fig. 11. Tall lightning rod used to protect oil tanks from lightning
fires. The dotted lines show the area protected, and within
which lightning will not strike,
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Photo, courtesy of Walter Bates Steel Corp,

Fig. 12. High voltage transmission line, Note the two smaller wires on the very top of the tower. These are to protect the line
from lightning, and are “grounded” through the tower.




DYNAMIC ELECTRICITY

As we have said before, Dynamic Electricity is
electricity in motion, or the kind that flows through
wires, lines, motors, lamps, etc. This is the kind,
or rather the condition of electricity we find most
useful, and from which we get our heat, light and
power.

So it is very important that we have a good under-
standing of dynamic electricity, and how it is pro-
duced, controlled and used.

\We found that static electricity could be produced
by rubbing or friction of certain materials, and that
it could be accumulated or stored up in condensers
or on certain surfaces or bodies. Also that when it
discharges it usually takes the form of an arc or
spark. Although in some cases we caused these
discharges to flow to earth through wires.

So for the very short period during which an
accumulation of static is discharging or flowing, it
could be said to be dynamic.

But sources of static do not supply enough elec-
tricity or furnish it for long enough periods to be
of much use to us, so we do not produce dynamic
electricity in this manner.

15. ELECTRIC CURRENT FLOW

Remember we do not Create electricity at all, but
merely set it in motion. When we say a generator
produces a flow of current in a wire, it is assumed
that it simply sets in motion some of the free elec-
trons already in the wire.

Fig 1. Water pump supplying pressure to cause water to flow through
pipe and operate water wheel. The purpose of the pump here is
similar to that of a battery or generator in an electrical circuit.

It is well to consider dynamic electricity as ver)
similar in many ways to water in a pipe line. Fo1
example, we can have water in a closed pipe line,
and this water will have no movement, force or
power, unless a pump is used to set up the pressure.
(See Fig. 1.) In this illustration the pump (P) is
the source of pressure to set the water in motion,
and cause current to flow. The pump is driven by
belt (B) and develops pressure to force the water
through the pipe to the water wheel (WW). The
gauge (G) indicates the amount of pressure devel
oped by the pump, and the valve (V) will start,
stop, and control the water flow.

Fig. 2. Dynamo supplying electric pressure to force current to flow
through the wires and lamp. No current will flow without
a source of pressure or voltage,

In Fig. 2 an electric generator or dynamo (G) i~
shown producing electrical pressure to force cur

rent to flow through the wires to operate the
lamp (L).

[Here the volt meter (V.M.) indicates the amount
of pressure set up by the generator, and the switch
will start or stop, the flow of current.

16. PRODUCING DYNAMIC ELECTRICITY

One of our first problems is to find out how to
develop electrical pressure to set electricity in
motion.

There are three methods of doing this, which are
all common, and should be kept in mind. They are
called the thermal method, chemical method, and
induction or mechanical method.

The induction method is the basis of all our mod-
ern generators, and converts mechanical power into
electrical energy. This method is by far the most
commonly used of the three, but as both of the
others also have many practical uses, we will cover
them briefly first.

e




17. THERMAL METHOD

To generate electricity by the Thermal Method,
we simply join the ends of two pieces of unlike metal
together and heat them at the joint. (See Fig. 3.)

The heat acts differently on the different metals,
and the activity it sets up within them will actually
cause a small current of electricity to flow through
the wires and meter attached, as shown in the figure.

We can usc a piece of copper and one of iron for
this device, or better still a rod of bismuth, and one
of antimony.

These devices are called Thermo Couples. As
they are only capable of producing very small
amounts of electric current, and at very low pres-
sures, we do not use this method for generating elec-
tricity for light or power.

However as the amount of electric pressure pro-
duced by a certain thermocouple is proportional to
the amount of heat applied, these devices are very
useful for measuring temperatures of ovens, fur-
naces, «te.

Fig. 3. Heating the joint of two unlike metals, produces a small amount

of electric pressure and current flow through the meter in the circuit.

[For this purpose a proper element or “couple”
is enclosed in a non-combustible tube, so it can be
inserted right into the flames or heat of a furnace.

Wires connected to the “couple” are brought out
of the tube to a meter which can be adjusted and
marked to read the temperature direct, in degrees.
(See Fig. 4.) ‘

18. CHEMICAL METHOD

The chemical method of producing electricity, is
one with which you are probably more familiar, as
this is the principle of our electric cells and batteries.

This source of electric supply is also very simple.
[t is based on the action of chemical solutions on
various metals.

[f we fill a jar with an acid solution, and immerse
in it a piece of zinc and one of copper, the acid will
immediately commence to act on these metals. And
hecause the intensity and nature of its action is dif-
ferent on the two unlike metals, we again have a
difference of electric pressure set up between the
copper and zinc elements. If we connect them to-
gether with wires, and place a meter or lamp in this
circuit, current will start to flow at once. (See Fig-
ure 5.)

Fig. 4. Portable pyrometer for measuring high temperatures in ovens
or furnaces, by use of ‘“‘thermo couples.”

Various kinds ol metals and acids can be used.
Even strong salt water will do with certain metals.
But a solution of sulphuric acid, and the copper and
zinc elements produce higher electric pressures than
many other combinations, and are more commonly
used. !

Such devices are called Primary Cells, and a group
of them connected together is called an Electric
Battery.

[t is interesting to know how the discovery of this
form of electric source came about.

In the 17th Century, an Italian scientist named
Galvani, discovered that frog legs would twitch and
react to sparks of static electricity.

In 1779 Alessandro Volta in performing some
experiments, accidentally discovered that pieces of
metal with an acid soaked cloth between them would
produce an electric spark.

He stacked up piles of metal disks, spaced with
wet pieces of cloth, and developed our first known
electric battery, from which he obtained quite strong
currents and small arcs. And we find that many of
our most important electrical devices of today, were
discovered or developed from some such simple ex-
periments.

Nowadays we have not only the wet primary cell,
but also convenient dry cells, and large storage bat-
teries, using this principle.

Fig. 5. Simple electric cell. Chemical action on the copper and zinc
strips produces electric pressure.
These devices are used by the millions, to supply
small amounts of electricity for various uses today.
Each type will be taken up thoroughly in a later
section on cells and batteries.
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19. MECHANICAL OR INDUCTION METHOD

The Mechanical Method of producing electricity
is also very simple in principle, and it is this method
that is used in all our great power plants today.

If we simply take a magnet as in Fig. 6, and
quickly move a piece of wire between its poles, the
wire will have an electric pressure induced in it.

Any magnet has between its poles a field of in-
visible lines of force. These are shown by the dotted
lines in the Figure.

Only about one hundred years ago, a man named
Michael IFarady, discovered that moving a wire rap-
idly through these lines of force in a position to cut
across their path, would generate electricity in the
wire.

This can be proven by connecting a meter to the
ends of the moving wire, by means of other wires as
shown in Figure 6.

Fig. 6. Moving a wire through a magnet field induces pressure in the
wire, and causes current to flow in the meter circuit.

Every time the wire (A) is moved up or down,
through the magnetic field, the meter needle will in-
dicate a flow of current.

The direction of this induced current changes, as
we change the direction of movement of the wire.
The amount of electric pressure set up by this type
of device depends on the strength or density of the
magnetic lines of force, and the speed with which
the wire is moved through them.

Now if we were to mount a number of wires on
a revolving armature, and spin them rapidly, be-
tween powerful magnets, we can produce consider-

Fig. 7. Elementary type of armature A, with wires mounted on it to
revolve in a strong magnetic field from magnets M, M.

11 A | [ r—

able amounts of dynamic electricity by this method.
(See Fig. 7.)

It is in just this manner that our great power
plant generators of thousands of horse power are
made.

We will take up in detail their principles of opera-
tion and construction in a later section.

20. CONDUCTORS

Now that we know how eclectricity can be pro-
duced, we must consider how to get it from the gen-
erators or source of supply to the places and devices
where we wish to use it.

To do this we use proper electrical Conductors or
wires.

We have found that electricity will pass or flow
through some materials very easily while with others
it is very difficult to get electricity through them at
all. And we have good use for both.

In order to use electricity, we must be able to pro-
vide a good easy path for it to flow from the gener-
a*rs, to our lamps and motors which it is to operate.
We must also be able to confine it to these proper
paths, and prevent its wasteful or harmful leakage
where materials or persons might come in contact
with the wires.

The materials that carry electricity easily, we call
Conductors and use the best of them to carry it
where we want it to go.

21. INSULATORS

Those materials that tend to prevent the flow of
electricity or not allow it to pass through them, we
call Insulators, and use them to confine electricity
to the proper conductors, and to prevent it leaking
or flowing to other objects or places where we do
not want it.

No material that we know of is a perfect conduc-
tor or insulator of electricity, but some are much
better than others. Both are so necessary and im-
portant in the use and control of electricity that a
few of the best of each are given in the following
lists :—

CONDUCTORS INSULATORS
Silver Glass
Copper Mica
Gold Porcelain
Aluminum Enamel
Zinc Rubber
Bronze Wood (dry or oilea)
Platinum Bakelite
Nickel Fibre
Steel Paper (dry or oiled)
Iron - Qil
Lead Waxes
German Silver Air
Mercury
Water (ordinary)
Carbon
Acids
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The conductors and insulators in this list are all
used to some extent in electrical machines and
devices.

Silver is one of the best conductors known, but
because of its very high cost, and certain mechan-
ical properties, it is not much used.

Copper is also an excellent conductor, and is by
far the most commonly used in all electric lines and
machines.

You will note that most of the conductors are
metals, although ordinary water with its usual im-
purities is a fair conductor, and acids are also.

All the insulators are non-metallic. Glass and
Mica are two of the best insulators, and rubber is
also excellent. Rubber is most commonly used
in insulating electric wires, because of its flexibility,
allowing them to bend freely without damaging the
insulation.

Fig. 8. Photo of a large generator, which produces its voltage by

induction.

22, INSULATED WIRES
A good example of a conductor and insulator
properly used together is the common rubber cov-
ered copper wire. The copper providing an excellent
path for the electric current to flow through, and the
rubber an excellent insulator to confine it to the
wire, and prevent its escape where the wire might
otherwise touch metal objects or earth. (See Fig. 9.)

Fig. 9. Sketch of insulated wire. The copper wire is covered with
rubber, and cotton braid.

23, ELECTRIC CIRCUITS

In order to use electricity with any device, we
must always provide a complete Circuit or path, for
the current to flow from the generator or source, to
the device using it, and then back again to the gen-
erator. (See Fig. 10.)

This endless path or circuit includes the coils or
windings inside the generator, the line wires from
the generator to the lamp, motor or other device,
and any switches or instruments that may be in the
circuit anywhere.

SWITCH

GENERATOR

Fig. 10. Complete electric circuit. The current flows over the top wire
from the generator to the motor, then back along the lower
wire to the generator.

Current will only flow when all parts of this circuit
are complete, all switches closed, and all wires con-
nected. To start or stop the flow of electricity and
the operation of the devices, we only need to close or
open the switches provided the generator is run-
ning.

All line wires and switches as well as the coils
within the machines are made of conducting mate-
rial, usually copper.

All these wires, coils, etc. must be insulated,
usually with rubber, cotton or oil, and sometimes
with air only, on certain parts.

So we can readily see the importance of a knowl-
edge of common conductors, insulators and circuits,
in the use and handling of electricity.

In later sections we will take up more of the exact
properties of various conductors and insulators, and
various types of circuits.

24. EFFECTS OF DYNAMIC ELECTRICITY

How are we going to make use of this electricity
which we have learned how to produce and convey
from the generators to our electrical devices?

First we must know something about the useful
effects of electricity and how to obtain them.

Dynamic electricity flowing through a circuit
from any generator or source, can produce four
valuable effects, if we know how to obtain them.

These are called the magnetic, heating, chemical
and physiological effects.

25. MAGNETIC EFFECT

Whenever electricity flows through any wire or
conductor, it sets up around that conductor a field
of whirling magnetic lines of force. These lines are

_invisible and we cannot feel them. But we can prove
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they exist by placing a magnetic compass needle
near the wire. (See Fig. 11.)

As soon as current is started in the wire, the
needle will be deflected from its true North and
South position.

The direction and amount of movement of the
needle will depend on the direction and the amount
of current flowing.

For example, if we reverse the direction of cur-
rent in the wire, the compass will deflect in the op-

posite direction. If the current is increased or

decreased in the wire, the needle will increase or
decrease its amount of deflection accordingly.

This magnetic effect of dynamic electricity is of
the greatest importance, as it is the one that we use
in all generators, motors, and electro-magnets.

If we wind a coil of insulated wire around a core
of soft iron and pass an electric current through the
coil, the iron will become strongly magnetized at
once, from the magnetic lines set up around the
turns of wire.

Fig. 11. Showing a compass needle deflected from its north and south
position, by the magnetic flux around a wire carrying current.

These electro magnets have thousands of uses in
electric lifting magnets, relays, bells, controllers,
motors, generators, etc. We will make a very
thorough study of them and this magnetic effect of
electricity a little later.

A good demonstration that you can easily make of
this useful effect of electricity, is to wind a few turns
of insulated wire around a nail, bolt, or screwdriver,
and connect the coil ends to a dry cell.

As soon as the circuit is closed the iron will be-
come magnetized and attract other nails, tacks, etc.
But as soon as the wire is disconnected from the cell,
the iron loses most of its magnetism.

The practical man can often find many handy
uses for this knowledge in his daily work.

26. HEATING EFFECT

Electric current flowing through a wire always
produces a certain amount of heat in that wire.

In copper wires of low resistance this heat may
not be noticeable, but if we overload them or cause
too much current to flow, even copper wires will be-
come hot and burn their insulation or possibly melt.

When we want to create heat from electricity, we
apply high enough pressure to cause current to flow
through high resistance wires or coils, such as iron

or German silver wire. And because of their high
resistance, a moderate amount of current will cause
them to become red hot, or even white hot in some
cases.

Our electric toasters, flat irons, walftle irons, table
grills, portable heaters, electric ranges, ironers,
soldering irous, etc. are all examples of this method
of producing ¢lectric heat.

Large baking and enameling ovens, heat treating
furnaces, etc., in industrial plants, use this principle.

Fig. 12. Electric current flowing through filament wire in the lamp,
produces intense heat and light.

27. ELECTRIC LIGHT

The incandescent lamp operates on the same
principle.

Here we have a wire of tungsten metal, which is
high resistance, and will not melt at white heat.
This filament wire is enclosed in a glass bulb from
which the air has been drawn to prevent it burning.
Then current is forced through it in the right
amount to bring it to white hot or incandescent heat,
so it radiates light. (See Fig. 12.)

An electric arc produces heat and light on about
the same principle. In this case instead of using a
high resistance wire, we use voltage high enough to
force current through air and the gases formed by

o

Fig. 13. Electric Arc formed by current between carbon electrodes.

the arc. This mixture of air and gas is very high
resistance, and the current flowing in the form of an
arc produces the highest temperatures made by man.
(See Fig. 13.)

{

)
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Fig. 14. Ordinary electric flat iron, glow heater, and toaster, all
devices using the heating effect of electricity.

Great furnaces of this type using carbon electrodes
from 12 inches to 30 inches in diameter, and & to
12 feet long, and thousands of amperes of elec-
tric current, melt tons of steel in our steel mills.

The arc was one of the first forms of electric light.
And many large arc lamps are in use today, for street
lights, flood lights, search lights, etc.

So we see that the heating effect of electricity is
alse very important to know how to use.

Fig. 14 shows several devices which use electric

heat, produced by current flowing through high
resistance wires.

28. CHEMICAL EFFECT

When electricity is passed through various chem-
ical solutions it has the power to decompose them.
And if we immerse two pieces of metal in an acid
solution, and allow current to flow from one to the
other through the solution, it will carry away par-
ticles of the metal at which it enters the liquid and

Fig. 15. Small electro-plating outfit, consisting of generator, rheostat
and plating vat.

deposit them on the other metal. This is the
method and effect used in electro-plating, and is
used very extensively in covering cheaper metal
objects with gold, silver, chromium, nickel, etc.
(See Fig. 15.)

This action is also called Electrolytic action, and

is used in the refining and purifying of some of our
metals.

Another example of the chemical effect of elec-
tricity is in the charging and discharging of our
storage batteries.

29. PHYSIOLOGICAL EFFECT

This effect of electricity is less commonly used
than those above mentioned, and it usually refers
to the effect of electricity on the human body.

We all know that if we touch live electric wires
we feel a shock, or the effect of electricity on our
nerves and muscles. If the voltage is low, this may
be only a mild and somewhat pleasant sensation.
If the voltage is high and from a heavy power wire,
the shock may be injurious or even fatal. So it is
best to always be very careful in handling electric
wires and equipment.

Doctors and hospitals use the shocking effects of
electricity, properly controlled, for very beneficial
treatments of certain body disorders and diseases.

They also use the heating effect and chemical
effect of electricity, by applying metal plates or elec-
trodes to various parts of the body, and passing
carefully controlled currents of .either direct or al-
ternating curent, through affected parts of the body.

So this physiological effect of electricity is also
very important in its modern and proper use.
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ELECTRIC UNITS AND SYMBOLS

In dealing with electricity, we must have definite
units to measure it and express it in certain quanti-
ties.

We have units of measurement for water, steam,
coal, money, groceries, etc. and we need them for
electricity, as it is as common and necessary today
as many of these other items.

We speak of water in pints, quarts, or gallons,
all of which are units of different sizes, and which
we easily understand because we are familiar with
the size and amount of each.

We speak of steam in pounds pressure, and de-
grees of heat. Coal is measured by the pound, or the
larger unit called the ton, money in dollars and
cents, groceries by the pound or dozen, etc.

So we can see that we need to have these definite
units of measurement to deal with all the things we
us in our daily life. And the man who intends to use
electricity, should know the units for its measure-
ment, those which measure its effects, and the
important factors in electrical circuits.

There are only a few of the more common units
needed by the practical man in ordinary work, and
they are easy and simple to use.

With these units you can determine the amount
of current flowing in a line, or through a motor or
lamp. Also the amount required to operate a given
machine or device, and its cost of operation as well.

t1g. 1. Large D. C. generator. It is rated as follows, 2000 Kw.,,
250 V., 8000 I. After carefully reading the pages on units and
symbols, you should easily understand this rating.

It is not necessary to memorize all these units at
once, but you should study them carefully, to get a

-good understanding of the meaning and use of each.

Then by practicing their use you will soon have
them fixed in your memory.

Of course we know that we cannot weigh or meas-
ure electricity as we do coal or water. So we meas-
ure its effects, and establish our units in this manner.

30. ELECTRIC QUANTITY

The Coulomb is the practical small unit of electri-
cal quantity. We determine this quantity by the
chemical effect of electricity flowing through a de-
vice called a “voltameter.” (See Fig. 2.)

Fig. 2. Sketch of a ‘‘voltameter,” or device for measuring electric
quantity by work done on a plating principle.

Here we have two pieces of copper immersed in a
solution of copper sulphate, and a battery connected
to them and passing current through the solution
from one electrode to the other. As you have al-
ready learned, this will cause some copper to leave
the positive plate and deposit on the negative plate.

Of course the more electricity we pass through
this device, the more copper it will deposit, or the
more work it will do. So by carefully weighing the
amount of copper transferred, we can set a certain
unit of electric quantity. This unit of one Coulomb
is the amount required to deposit .0003293 gram of
copper from one plate to the other. Or with silver,
to deposit .001118 gram, from a standard solution
of silver nitrate.

These are very small amounts and are odd figures,
and need not be remembered. But it serves to illus-
trate the method of measuring electrical quantity by
its effect or work done.

31. ELECTRIC CURRENT

The Ampere is our unit of electric current or rate
of flow. It is a unit you will use much more often
than the Coulomb.

An electric current of one ampere is flowing when
electricity passes through a circuit at the rate of one
Coulomb per second. So we see this unit considers
both quantity and time, and tells us just how fast the
current flows. Knowing the amount of current in
amperes gives us some idea how much work we
could expect it to do in a given time.

e,
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[For example we say a gallon of water is a unit of
quantity, and compares to a Coulomb of electricity.
But if we say water is flowing at the rate of so many
gallons per minute or per second, then we can get
an idea how much work it would do, or how much
we would get in an hour or a day at that rate.

We say a certain lamp uses 14 ampere, or that a
motor uses 50 amperes, which means that they re-
quire a continual rate of flow of those amounts of
current to operate them.

Fig. 3. Portable ammeter, used to measure electric currents.

The current of any circuit or device can be meas-
ured with an ammeter such as shown in Fig. 3. The
practical man will have many occasions to use this
device and the unit Ampere in his electrical work.

32. ELECTRIC PRESSURE

T'he volt is our unit of electric pressure, and is
used to measure or express the amount of pressure
required to force a given current to flow.

As we have already learned, all electric wires or
conductors offer some resistance to the flow of cur-
rent. So we must have electric pressure to cause
current to flow in any circuit or device.

This pressure is often called Electro-Motive-Force
(Abbreviated E. M. IF)), and meaning the force that
moves electricity. It is also sometimes called Po-
tential.

So we say a certain battery produces 6 volts pres-
sure, or a generator produces 110 or 440 volts pres-
sure. Or that a power line has 220,000 volts poten-
tial or pressure. This gives us an idea of the
amount of electro-motive-force available, the same
as if we said a boiler produces 300 pounds of steam
pressure, or a pump 100 pounds of water pressure.

One volt is the exact amount of pressure required
to force one ampere of current through one Ohm of
resistance. The voltage of any machine or circuit
can be measured with a voltmeter. See Fig. A,
which shows a photo cut of a voltmeter.

33. ELECTRICAL RESISTANCE

The Ohm is the standard unit of electrical re-
sistance, by which we measure or compare the re-
sistance of any electrical circuit or device.

Remember every wire and device has some resis-
tance to current flow, as we have no perfect conduc-
tors. Naturally this resistance limits or controls
the flow of current, the same as friction in a pipe
or a partly closed valve, would limit and control
water or steam flow.

So it is very important that we know the unit to
measure and determine the resistance of electrical
circuits and machines.

The standard Ohm, is the resistance of a column
of mercury, 106.3 centimeters long and 1 square KMil-
limeter in cross sectional area. Or this is 41.85
inches long and about 1/25th inch in diameter. This
standard resistance is taken always at 32 degrees
Fahrenheit, or Zero degrees centigrade, because the
resistance is not the same at all temperatures.

34. FACTORS GOVERNING RESISTANCE

[t is important to remember that the resistance of
any conductor depends on the kind of material, its
length, area, and temperature.

For example we know that copper wires are of
much lower resistance than iron or steel wires. And
the longer a wire is, the greater will be its resistance.
The larger it is in cross section or area the lower
will be its resistance. And with all of our common
metals the resistance will increase slightly as their
temperature increases. Carbon and certain liquids
are exceptions to this rule, and their resistance gets
less as their temperature increases.

It is interesting and convenient to know that a
piece of No. 10 copper wire 1000 feet long has a
resistance of about one ohm. A No. 10 wire is alrout
1/10th of an inch in diameter. :

Fig. 4. Portable voltmeter used to measure electric pressures or voltages.
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Number 14 wire such as commonly used in house
wiring, has about 2.5 ohms resistance per thousand
feet.

A piecc of No. 30 copper wire 10 feet long has
about one ohm resistance, while a piece of No. 30
German Silver wire only 6.2 inches long will have
about one ohm resistance. Note carefully the diff-
erence in resistance of these various wires according
to their size, length and material, and it will help
you get a better understanding of how the wires and
their resistance will tend to control the current flow.

A little later we will give a definite law or rule ex-
plaining this relation between current and resis-
tance.

The resistance of wires and materials can be
measured with an ohmmeter, and other instruments
which will be explained later.

35. SPECIFIC RESISTANCE is a term we use
to express and compare the resistance of various
materials. To do this we of course take pieces of the
same size of each material. Usually this piece is
one cubic centimeter in size, or sometimes one
cubic inch. The centimeter is about .4 of an inch.

The specific resistance of any metal or material
means the resistance to flow of electricity through
a centimeter cube of this material, from one side to
the opposite side.

The resistance of a piece of ordinary metal of this
size is usually a small fraction of one ohm, so is
expressed in Microhms, meaning millionths of an
ohm. One million microhms equal one ohm.

The following table gives the specific resistance of
some of our common materials. [t is not necessary
to memorize these, but is well to observe and com-
pare the specific resistance of several of the mate-

rials familiar to you, such as copper, aluminum,
iron, mercury, etc.

In this manner you can get an idea of their com-
parative values as electrical conductors, and you
can always refer back to this table whenever you.
need to know or use any of these values.

Specific resistance of various common materials,
at O degrees centigrade:

MATERIALS Specific resistance in Microhnis.

Centimeter cube  Inch cube

B

Silver (Annealed) ... 1.49 587
Copper (Annealed) ... . 1.59 627
Copper (Hard) . 1.62 638
Gold 2.20
Aluminum ... 2.61
ZANC oot 5.38
Phosphor Bronze (Com-

mercial) .. . 848 3.34
Bronze .o 17.80
Platinum (Annealed) ...... 8.98 3.54
Nickel (Commercial) ... 9.90
Steel (Soft) i 11.80
Steel (Wire) oo 13.50
Steel (Hard) oo 45.60
Iron (Pure) ... 8.85
Iron (Wrought) 13.80 5.45
Iron (Cast-soft) ... 74.40
Lead e 19.80
German Silver ... 33.10
German Silver Wire........ 20.90 8.24
Mercury oo 94.07
Water (Ordinary) ... 1200. to 12,000.
Carbon ... 400. to 1150.00

Carbon (Arc) 5100. to 7600.00

-
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Fig. 5. If this machine is rated at 500 Kw., how many horse power is this equal to?
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36. THE MHO is the unit of conductance, and ex-
presses the conductivity of a wire, or the exact op-
posite of resistance. Its use will be explained later.

37. ELECTRIC POWER UNITS

The Watt is our unit of electric power. And this
is the unit by which we determine the amount of
heat, light, or power we can get from electricity. It
is also the unit by which we rate the power pro-
duced or consumed by many small electrical devices.

One Watt is the amount of power produced by
one ampere flowing under a pressure of one volt.

It requires 746 watts to make one horse power.
So we can see that the watt is too small a unit to
deal with our larger amounts of electric power. For
this use we have the Kilowatt, or 1000 watts. The
prefix “Kilo,” is used with many electric units at
times, and always means 1000.

One Kilowatt is equal to approximately 1.34 H. P.

One horse power is the power required to lift 33 -
000 pounds, one foot in one minute, or 550 pounds, 1
foot in one second. It is often referred to as 33,000
foot pounds per minute.

The Watt Hour is a commonly used unit, and
means the power used at the rate of one watt, for one
hour continuously.

The Kilowatt Hour is the larger and more com-
mon unit, and means the power used at the rate of
one kilowatt, for one hour. The kilowatt hour is
the unit used to buy and sell electric power, and
clectricity is commonly sold for a few cents per
kilowatt hour.

For example, suppose you were asked to find the
cost of operation of a 10 H. P. motor for 50 hours,
with electricity costing 3 cents per kilowatt hour.

CELL

BATTERY (SEVERAL CELLS)
LAMP

GALVANOMETER
VOLTMETER

AMMETER
ELECTRO-MAGNET

D.C. GENERATOR

A.C. GENERATOR
RESISTANCE COIL

INDUCTANCE

PUSH BUTTON SWITCH
KNIFE SWITCH
CROSSED WIRES
JOINED WIRES

VARIABLE RESISTANCE OR RHEOSTAT

i,

b
OR —}—
+ OR ——g—m

Fig. 5B. Some of the most common symb. ls used in electrical diagrams
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If one H. P. is equal to 746 watts, then a 10 H. P.
motor will use 10x746 or 7460 watts. Then to change
this to kilowatts, we divide 7460 by 1000, or 7460
divided by 1000 equals 7.46 kilowatts.

For a period of 50 hours this would use a total of
50x7.46 or 373 kilowatt hours.

Then 373x.03 equals $11.19 total cost.

We have not considered the efficiency of the motor
in this problem as this will be taken up later.

38. SYMBOLS

For each of these units, we have just learned, we
have a symbol or abbreviation which we use in
writing them in problems or specifications on the
job. These symbols are very easily learned and re-
membered with a little practice in using them, and
will save a great amount of time for the practical
electrician, the same as our abbreviations for other
commonly used terms, such as lb., oz, ft., in, qt,,
Jan., Feb., Mar., etc.

I
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Fig. 6 This diagram shows the use of some of the symbols given
in Fig 5B. How many can you recognize?

To make it more convenient to remember the
names of these important electrical units and their
symbols and also easy to refer to them for reminders,
we have arranged them all together in the following
group.

Read them over several times to help fix them in
YOUr MEemory;

Symbols Units Use
Q Coulomb Unit of electrical quantity.
1 " Ampere Unit of current flow.
£ Volt Unit of electrical pressure.
R Ohm Unit of electrical resis-
tance.
G Mho Unit of electrical conduc-
tance.
%% Watt Unit of electrical power.
Kw Kilowatt Larger unit of electrical
power.
Kw.Hr. Kilowatt- Unit of electrical power
Hour for a given time or unit
T x4 of electrical work.
H.P. Horsepower  Unit of mechanical power.

746 W. equals 1 H. P.
1 KW. equals 1.34 H. P.

A few other common symbols used to represent
electrical devices in circuit diagrams, are shown in
Figure 5-B, so you will be able to recognize and
understand them in the sketches used from now on.

The units and symbols covered in this section
may seem somewhat dry at first, and are probably
less interesting than the work on machinery will be.
Remember, however, you will understand the ma-
chines much better if you know these few practical
units and symbols well.

OHMS LAW

Ohms Law is one of the most important laws of
electricity that the practical man can know, and yet
it is very simple. This law is named after a German
scientist, George Ohm, who in his experiments dis-
covered the definite relation between pressure, cur-
rent, and resistance in electrical circuits, and put it
in the form of a simple statement or rule.

When you obtain a thorough understanding of
Ohms Law, it will be much easier to understand the
operation of all electrical machines, and circuits.

You have already learned that in order to use elec-
tricity in any way we must have circuits, to carry it
from the generators to the machines or devices, and
also through the devices themselves.

In every live electrical circuit there are always
present the above mentioned three factors, pressure,
current and resistance. All circuits have some re-

sistance, and therefore, to cause current to flow
through them we must have pressure or electro-
motive-force.

38-A. EXPLANATION AND APPLICATION
OF OHMS LAW

According to Ohms Law the current in any D. C.
circuit is always directly proportional to the pres-
sure, and inversely proportional to the resistance.

The first part of this rule means that if we increase
or decrease the voltage or pressure applied, the cur-
rent will increase or decrease the same amount, if
the resistance remains constant.

For example if 100 volts will force 10 amperes
through the resistance of a certain circuit, 200 volts
would send 20 amperes through it, or 50 volts, 5 am-
peres, etc.

(/)“
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The second part of the law means that if we in-
crease the resistance of a circuit, the current de-
creases, or if we decrease the resistance the current
will increase, if the voltage remains constant. Thus
the term “inversely proportional.”

For example, if we have a current of 10 amperes
flowing through a circuit of 30 ohms resistance, and
change the resistance to 60 ohms, then 5 amperes
will flow. Or if we change the resistance to 15 ohms,
20 amperes will flow.

39. CONTROL OF ELECTRICITY

The above shows us how to obtain any desired
current for a certain device or work, by regulating
the voltage of our genecrators, or the resistance of
the windings of the device. .

On this law or principle are based the major-
ity of ordinary electrical calculations made by the
practical man, so it is well worth a little reviewing
to get it thoroughly understood.

If we compare Ohms Law for electricity with the
principles of water flow in pipes, and use just com-
mon reasoning with it, as we do with other things
we are more familiar with, it should be easily under-
stood. (See Fig. 1.)

Here we have a pump driven by an engine, and
producing pressure which causes the water to flow.
The friction of the water moving through the pipe,
and the smaller section of pipe (A), and partly
closed valve (B), all offer resistance or opposition
to the flow of water. And the more we increase this
resistance by reducing the size of the pipe or valve
opening, the less water will flow. But if we increase
the pressure supplied by the pump, then more water
will flow.

Electrical circuits operate similarly. (See Fig. 2.)

Here we have a generator driven by an engine, and
producing electrical pressure or voltage which
causes the current to flow. The resistance of the
wires, the rheostat and lamp, all tend to oppose the
flow of current, and if we use smaller wires or a
higher resistance lamp the current will decrease.

But if we speed up the generator and increase its
voltage the current would increase.

The voltmeter (V) and ammeter (A), in the elec-
trical circuit measure and show the pressure and the
current in volts and amperes, just as the pressure
gauge and flow meter in the water circuit measure

the pressure in pounds, and the flow in gallons per
minute.

40. CONVENIENT SIZE OF ELECTRIC
UNITS

Another very interesting fact is that one volt pres-
sure is just exactly enough to cause one ampere of
current to flow through one ohm of resistance.

This of course is not accidental, but is the way
those who developed these standard units made
them of convenient relative sizes. This greatly sim-
plifies all electrical work and calculations.

For example if one volt will force one ampere
through one ohm, then it is easy to see that two
volts would force two amperes through the same
resistance of one ohm. Or 74 volt would only force
7% ampere to flow through one ohm.

If one volt will force one ampere through one ohm,
then if we increase the resistance to two ohms a volt
could only force 14 ampere to flow. If we reduce

Fig. 1. The amount of water flow in this system can be increased
by increasing the pump pressure. But it will decrease if we increase
the opposition of the valve, or small section of pipe.

Fig. 2. The electric current flow in this circuit will be increased if we increase the genecrator voltage,
the resistance of the wires, rheostat, or lamp,

or decreased if we increase
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the resistance to 15 ohm, the one volt could force vice of higher resistance and on higher voltage cir-
two amperes to flow. cuits. Whenever you know the voltage applied and
~—f

41. OHMS LAW FORMULAS

From this simple relationship between the size
of these units and the discovery of the effect of pres-
sure and resistance, we obtain the following formu-
las called Ohms Law Formulas.

I = —- I = IXR R= —
R I
In which:

I=current in amperes.

E=pressure in volts.

R=resistance in ohms.

These are simply little abbreviated sets of instruc-
tions which tell us exactly how to proceed with cer-
tain electrical problems.

Remember that when any two factors are placed
one above the other and a line between, it means to
divide the upper one by the lower.

IFor example suppose you have to find the amount
of current that would flow through a lamp of 5 ochms
resistance when a pressure of ten volts is applied to
it. (See Fig. 3.)

A
N

5R

i —

Fig. 3. Ten volt battery supplying current to a 5 ohm lamp. Can you
’ find how much current would flow, without an ammeter?

If you have an ammeter handy to connect in the
circuit you can measure this current. But if no am-
meter is available you can calculate the current in
even less time, by the use of the first formula.

10
I = ,or I =
R 5
This would apply equally well to a motor or de-

or 2 amperes.
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the resistance of a device, you can quickly determine
the amount of current that will flow through it.

Then suppose you were told that a certain electric
heater, as in Fig. 4, had a resistance of 10 ohms and
required 12 amperes to operate it. What voltage
should this device be operated on? This can be de-
termined by the use of the 2nd formula, T=I XR,
or E=12X10 or 120 volts.

E€? ‘——c

Fig. 5. The ammcter shows 55 amperes flowing through an oven of
2 ohms resistance. Ohms Law formula makes it easy to
determine the voltage of the line.

Or in another case, you have an electric oven
operating as in Fig. 3, and its resistance is known to
be 2 ohms. An ammeter in its circuit shows that a
current of 55 amperes is flowing. But you have no
voltmeter. The voltage of this circuit can be deter-
mined by the same formula as used in, the heater,
E=IXR, or E=55X2 or 110 volts.

Now let us say you have a powerful electro mag-
net operating as in IFig. 6. A voltmeter shows 80
volts applied to it, and an ammeter shows 20 am-
peres flowing. How could you determine the resis-
tance of the magnet coils? The 3rd formula shows
exactly how to do this, as it says resistance can be
found by dividing the volts by amperes, or

E 30
R = or R =
I 20

resistance in the coils.

or 4 ohms

80 €

\\\{/,,

Fig. 4. Elsctriﬁlec;ter ofwlo ohms; registance dr’awsr 12, amperes, Can
you tell the voltage of the line?

Fig. 6. Electro-magnet and meters, showing voltage and current
- supplied to operate it,

O

O



Ohms Law 27

So we see that whenever we know any two of the
three factors of an electrical circuit, we can easily
determine the other one, even without instruments,
by the use of these simple formulas.

42. SIMPLIFIED OHMS LAW FORMULA

A very simple way to remember all three of these

formulas in one is shown by the following figure:
L

I XR

All that is necessary is to cover the one you wish
to ind and the remaining 2 {actors show you what
to do, if you know their values. For example if you
know the current and resistance of a circuit and
wish to find the voltage, cover E and the parts still
shown indicate to multiply IXR. Or if you know
the voltage and resistance and wish to find the cur-
rent, cover [ and do as indicated by the remaining
two or divide E by R.

WATTS LAW
43. We also need a law and formula to calculate
the amount of power of electrical circuits or devices.

You will recall that the watt is the unit of elec-
trical power.

To produce power we must have current flowing
under pressure. One ampere flowing under a
pressure of one volt, will produce one watt of power.

From this relationship we get Watts Law or, the
power in watts in any D. C. circuit is equal to the
pressure in volts multiplied by the current in am-
peres.

And from this law we obtain the very useful
formulas:

IXE=W
W+E=I
W+I1=F

In which:—
[==current in amperes.
LE==pressure in volts.
W==power in watts.
So if we want to determine the amount of power
used in a circuit in which we know the current and
pressure, we simply use the first formula.

Fig 7. How many watts does the lamp in this circuit use, according
to the simple. rule on this page?

In Tig. 7 we have a generator producing 100 T2
and supplying current to a lamp. An ammeter in
the circuit shows a current flow of 6 amperes. Find
the power used by the lamp.

IXE=W, or 6X100=600 watts.

Many electrical devices have their rated power in
watts and their operating voltage marked on them.
And in such cases if you wish to determine the
current such a device will use, apply the second
formula.
W+ E==|.

44. FIELD PROBLEMS
Suppose on some future job you have a case as in
I'ig. 8. Your generator supplies 200 volts to a 4000
watt machine. How much current will the machine
use, or what should an ammeter read, if connected
in this circuit?
W+ E=I, or 4000+ 200=20 ampecres.

Fig. 8. Using meters right on the joh to test a motor. When you
know the rating of a machine in volts and amperes, it is easy to
determine with meters whether the machine is properly
loaded or not.

The next day you have another problem as in
Fig. 9. You have a special lamp of 600 watts, and
an ammeter in its circuit shows the lamp is using
5 amperes. What is the voltage of the circuit to
which the lamp is connected?

Here we use the third formula.

W +I=E, or 600+5—=120 volts.

booW

Fig. 9. Generator supplying 5 amps to a 600 watt lamp. What is
the generator voltage?

The three watts law formulas can also be simpli-
fied for use in the following manner:

W

I X 12
Then by covering the one you wish to find tne
value of. the remaining ones indicate what to do.
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There are also two other very convenient for-
mulas for finding the power in watts, when we do
not know both the amperes and volts, but may
know either the amperes and ohms, or the volts
and ohms of the circuit or device. They are as
follows:

IPXR=W
E*+~R=W
In which:—

I* equals amperes squared, or multiplied by itself.

[E* equals volts squared, or multiplied by itself.

R equals resistance in ohms.

In the first case if we have a circuit of 5 ohms re-
sistance and in which a current of 10 amperes is flow-
ing, we square the current first and then multiply
by resistance, or 10X10=100, and 100X 5=500
watts.

Or if in another circuit you found a device of 20
ohms resistance connected to a line of 200 volts.
You could very easily find its power in watts by
using the formula E*+R=W, or 200X 200=40,000,
and 40,000 +20=2000 W or 2 KW.

To prove that all three of the formulas for finding
power in watts are always dependable, try them all
on the same circuit, where current pressure and re-
sistance are all known.

In Iig. 10, a generator of 440 volts supplies 22
amperes of current to a device of 20 ohms resistance.

Using the first formula, or 1 X E=W, we find that.

I X Eis 22 X 440 or 9680 watts.
Using the second formula or I* X R = W, we
find that I2 X R is 22 X 22 X 20 or 9680 watts.
Using the third formula or E2 + R=W, we find

440 X 440
that E2 +~ R= or 9680 watts.
20
440E
MOTOR
GENERATOR .

Fig. 10. 440 volt motor supplying 22 amperes to a device of 20 ohms
resistance, Check all three of watts law formulas carefully
on this circuit.

So we see that we can depend on any one of these
formulas that is most convenient to use for any
problem.

You are not expected to memorize all these for-
mulas at once. But practice using them frequently,
on every practical electrical problem you can find,
and soon they will be easy to use and remember.
45. LINE DROP

In electrical work we often hear the term Line
Drop used. This refers to the voltage used or re-

quired, just to force the current load through the
line resistance alone. This becomes a very impor-
tant item to consider on long transmission lines, or
feeders of considerable length to lights and motors.
If we have too much voltage drop in the line, we of
course will not get enough pressure at the device
operating at the end of the line,

The line drop in volts is proportional to the load
carried, in amperes, and to the resistance of the
wires, or

Ed =1 X R.
In which :—
£ d equals line drop in volts.
I equals current in amperes, flowing through
line.
R equals line resistance.

Fig. 11. Water pressure tank and pipe line to water turbine. Note
drop in pressure in the pipe line, by readings of the two gauges.
In Fig. 11, we have a water pressure tank, and

pipe line. While the water is flowing through the

pipe, it creates {riction or resistance. Some pres-
sure is required to overcome this resistance in the
pipe and maintain a given flow.

The gauge on the pipe near the tank, shows 100
Ibs. pressure, but the one at the end of the pipe only
shows 90 lbs. pressure. So 10 1bs. pressure was used
to force the water through the pipe resistance, and
90 1bs. used to force it through the water wheel.

—
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Fig. 12. Generator, lamp and meters connected for testing ‘‘voltage
drop” and proving Ohms Law Formulas. This is typical of
problems encountered by the head electrician in the field.

In Fig. 12, is shown a generator producing 130
volts pressure, and sending current of 5 amperes
over a line of 4 ohms total resistance, to a lamp

which requires 5 amperes at 110 volts to operate it.
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You will note there is a difference of 20 volts be-
tween the reading of the voltmeter at the generator
and the one at the lamp. This shows a line drop of
20 volts.

An ammeter near the generator shows five amp-
eres flow to the lamp, and one at the lamp shows
5 amperes flow from the lamp back to the generator.

So if there are 5 amperes flowing through each
side of the line, and each line wire has 2 ohms resist-
ance, then by using the formula IXR=Ed, we have
5X2 or 10 volts drop in each.wire, or 20 volts total
line drop.

Voltmeters connected as at (A) and (B) would
each show 10 volts drop.

So in this case we have 20 volts used to force the 5
amperes of load current through the line resistance,
and 110 volts used to force the current through the

lamp resistance. Or a total of 130 volts required at
the generator.

46. LINE LOSS

This term refers to the power consumed by the
line, and which goes into heat along the line. It is
usually expressed in watts.

This is found with our regular Watts Law for-
mulas, but using only the voltage drop in the line
itself, to multiply by the current.

In the problem shown in Fig. 12, the line loss is
IXEd=W, or 5X20=100 watts.

Such problems as this are frequently encountered
by the practical man when installing or inspecting
wires feeding lamps or motors. And the man who
knows these simple rules and formulas, is the man
who is most valuable to his employer, and bound to
advance most rapidly to the better jobs and salaries.

~TAT R

SERIES AND PARALLEL CIRCUITS

As we have already learned, in order to use elec-
tricity in any device, we must have a complete path
or circuit for the current to flow from the generator
or source of supply, to the device, through it, and
back again to the source.

We call this a complete electrical circuit.

Where two or more devices are connected to the
same line or source of supply, there are different
methods of connecting them. They can be arranged
to form a Series circuit or a Parallel circuit, or in a
combination of series and parallel.

If you understand series and parallel circuits, it

will be easy to understand most any combination of
circuits.

47. A SERIES CIRCUIT IS ONE IN WHICH
THE CURRENT HAS ONLY ONE PATH

(See Fig. 1). Here is shown a generator and 4
lamps connected in series. The devices are conneced
one after the other along the wire or line, and the
same current must pass through them all. So the
current will be the same in all parts of a series cir-
cuit. This current is of course governed by the total
resistance of all the devices in the circuit, as well as
the voltage applied.

Suppose you wish to find the total resistance in
a series circuit such as Fig. 1. It is very simple.
To find the total resistance of a series circuit, add the
resistances of all the devices in the circuit.

In the case of Fig. 1, where there are 4 lamps of
40 ohms each, the total is 160 ohms.

So we can easily see that the greater number of
lamps or devices we put in a series circuit, the
greater the total resistance becomes, and the higher

the voltage which will be required to force a given
current through it.

Or if we do not increase the voltage, the cur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>