Basic Electricity

Cable College
Instructor: Aaron Cowdell




What is Voltage? A difference of potential.
Also explained as pressure.

What is it's measurement? VOLTS

Symbol? V

What are normal voltages?

48VDC POTS
120VDC ONU
120VAC Ringing current
190VDC T1/HDSL
0OVDC ADSL/VDSL




What is Current?

The flow of electrons.

What is it’'s measurement? AMPS

(& K= BEK< |
Symbol? A Electricity is
a flow of
=) electrons >-Larep
ol around a

circuit
M

Electron flow

1 AMP = 6240000000000000000 electrons per second

Or 6.24 Quintillion electrons per second




What is Resistance? The opposition of electron flow.

What is it’'s measurement? OHMS
Symbol? Q

What is static Resistance?

A resistance that does not change
when voltage is applied

What is variable Resistance?

One that changes when
voltage is applied




Resistance continued

Variable resistance explained

T1
Applied voltage meter POTS ONU
HDSL
Voltage
14VDC 48VDC | 100VDC | 190VDC
On the same pair

Change in 50 30 5 25

resistance Mohms‘Mohms‘Mohms‘kohms

Resistance drops as we apply more voltage.

Our meter does not simulate circuit voltage

This is why we need higher resistance values when we test.

So that when we place our circuit back on the pair, it will still

Be in the millions of ohms.




Resistance continued

What is a minimum good resistance reading?

POTS 3.5 Mohms
ADSL 3.5 Mohms
VDSL 100 Mohms

T1 100 Mohms
HDSL 100 Mohms

PPPPP



Resistance continued

Terminology
ohms 1-999 ohms
Kohms 1000-999,999 ohms
Mohms 1,000,000-999,999,999 ohms

1 ohm =1 Volt * 1 Amp
1 kohm = 1000 ohms

1 Mohms = 1,000,000 ohmsEHME[”;




What is Capacitance?

The ability of a conductor to store an electric charge.

What is it's measurement? FARAD

Symbol? F
Where do we see capacitance in the phone company?
A twisted pair
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A of a pair




Capacitance continued

Your meter measures open using

Capacitance
e e ———

Prefix Symbol| 1000™ | 10" Decimal Short scale Long scale Sincel" ')
yotta Y [1000% 102! |1 000000 000 000 000 000 000 000 Septilion  Quadrillion | 1991
zetta z [10007 |10%1 1,000 000 000 000 000 000 000 Sextillion  Trilliard 1991
exa E 10008 1078 1 000 D00 000 000 000 000|Quintillion  Trillion 1975
peta P 1000° 1015 1,000 000 000 000 000 Quadrillion  Billiard 1975 1 fOOt —_ 1 5 p F
tera T [1000* |10'2 1,000 000 000 000 Trillion Billion 1960
giga G [1000° |10¢ 1000 000 000  Billion Milliard 1960
mega | M 10002 |10° 1000000 Million 1960 Or . OOOOOOOOOOO 1 F
kilo k 1000 |10° 1000 Thousand 1795
hecto h 100023 |10? 100 Hundred 1795
deca da [1000"3 |10 10 Ten 1795
1000° |100 1 One =

deci d 10007"3/107" (0.1 Tenth 1795
centi ¢ 10007231072 |0.01 Hundredth 1795
milli m [1000™! 1073 |0.001 Thousandth 1795
micro p 100072 {1075 |0.000 001 Millionth 1960
nano n 10007 {1079 |0.000 000 001 Billionth Milliardth | 1960
pico p  |1000~* |107"2|0.000 000 000 001 Trilionth  Billionth 1960
femto £ 110007 |107"5/0.000 000 000 000 Q01 Quadrillionth Billiardth | 1964
atto a 1000°% 107" 0.000 000 000 000 00D 001 Quintillionth Trillionth | 1964
zepto z 100077 |10721/0.000 000 000 000000 000 001 |Sextillionth  Trilliardth | 1991
yocto y 100078 |10724/0.000 000 000 000 000 000 000 001 Septillionth  Quadrillionth | 1991

1. * The metric system was introduced in 1795 with six prefixes. The other dates relate to recognition by a resolution ofthe C?ﬁs%ﬁ.:U'_IS‘[E!'['—.'C'H.CU[H




What is Inductance?

What is it’'s measurement?

The ability of one conductor to transfer
electrons from one conductor to
another using EMF (electromotive
force).

What is it's measurement? Henries

- Ferromagnelic
oare

Symbol? L
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Inductance continued

What are two inductors in the phone company?

The cable Load Coils
The cable induce Load coils add
frequncies between inductance into the
pairs cable to counter act

the affects of
capacitance




Understanding the relationship of
inductance and capacitance...

Our cable is both a capacitor and an inductor.
But they are imbalanced

Cables have large amounts
of capacitance and small
amounts of inductance

inductance

capacitance -

=




Understanding the relationship of
inductance and capacitance...

They are opposites

capacitors Inductors (load coils)

Allow high frequencies to pass | Allow low frequencies to pass

(6001-30MH2z) (voice band 0-6000 hz)
Block low frequencies (voice Blocks high frequencies
band 0-6000 hz) (6001-30MHz)

Cables lengths over 18,000 feet must be loaded for Pots service (low
frequencies) to work.

Load coils must be removed to allow data sevice (high
frequencies) work a peak performance.




Load Coil placement

>3000’ from >3000’ from
the last load
coil

the last load
coil

6000’ 3000’ 3000’ 6000’

= " WE =
Why only 3000"?

—— 6000’ total —

Complete circuit is from phone to phone

Each load coil adds 88 mL (milli
Henries) at each loading point

88 mL =.088L




What is Impedance?

Impedance is the combined resistance of resistors,
inductors and capacitors.

It is measured in ohms.

Q)

What is attenuation?

It is the flattening of frequencies over a impedance.




Laws of a series circuit

+ R1 R2

. ANV WW-

vE = VOLTS = ADD
vR = OHMS = ADD
vI = AMPS = CONSTANT
vP = WATTS = ADD




Laws of a series circuit

+ R1 R2
o “WWWV- —WWW\-
FORMULAS
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vE = ADD

Laws of a series circuit VR = ADD
v'I = CONSTANT
vP = ADD
+52VDC R1 R2 -
. “WW- W~ .
TOTAL
TOTAL 20 135
E 52V
R1 R2
R 155 = 6.8V E 45.9V
I .34 A R 20 R 135
P| 17.68 W I 34 A I 34 A
P 2.31 W P 15.61 W




vE = ADD

Laws of a series circuit VR = ADD
v'I = CONSTANT
v'P = ADD
T 120vDC R1 R2 —
. W\~ e .
TOTAL 13 45
E | 120V
R 58 — —
I 2.07 A E 26.91V E 93.15 V
> | 513.9 R 13 R a5
3 I | 2.07A 1 >.07 A
P |55.7W > 192.82
W




vE = ADD

Laws of a series circuit VR = ADD
= CONSTANT
i 190VDC R1 R2 o —
. AMA- AW~ o
60 100
TOTAL
E 190 V
R1 R2
Rl 160 E| 71.4V E| 119V
p 22‘5A;G3 I| 1.19A 1| 1.19 A
Pl 84.97 W P|141.61 W




vE = ADD

Laws of a series circuit VR = ADD
v'I = CONSTANT

vP = ADD

_|_
30VDC R1 R2 R3 _
. W WW— MWW
25 82 125
E 30V
R 232
I 13 A

E3.25V E 10.66VE 16.25V

R 25 R 82 R 125
I .13 A I .13 A I .13 A

P.42 W P1.39W P 2,11 W

P 3.9 W




Laws of a Parallel circuit

+ R1
® * “WW\- ®
R2
WV~

vE = VOLTS = CONSTANT
vR = OHMS = INVERSIVE
vl =AMPS = ADD
vP = WATTS = ADD



Laws of a Parallel circuit

+ —
® ® —’\AN\,— o ®
-’\/W\r
E P P E R RTOTAL

i[R R]T I[E R[P R1+R2




Laws of a Parallel circuit

vE = CONSTANT
vR = INVERSIVE

vl = ADD
v'P = ADD
" 2 VDC R1 -
o AW~ °
30
TOTAL
E 52V R2
R 24.55 135 R2
I 2.12 A E 52V
R1
P| 110.24 W R 135
E|l 52V 1| .39A
R 30 P| 20.28 W
1| 1.73 A
P




vE = CONSTANT

Laws of a Parallel circuit /R = INVERSIVE
vl = ADD
_|_ Rl vP = ADD _
o 120VDC AMA- R R
22
TOTAL
E 120V R2
R 4.71 6 R2
1| 25.45A El 120V
R1 R 6
P 3054 W
E 120V I 20 A
R 22 P| 2400 W
1| 5.45A
P




Laws of a Parallel circuit

vE = CONSTANT
vR = INVERSIVE

vl = ADD
v'P = ADD
+ . VD R1 _
o 90 C A AA A o
1.2 K
TOTAL
E| 190V R2
R 513.51 900 R2
I 37 A E| 190V
R1
P| 70.3W R 200
E 190 V I 21 A
R 1200 Pl 39.9W
1| .16 A
)




Laws of a Parallel circuit

+
48 VDC R1
—¢ M-
TOTAL R1 233
E 48 V 15,85V
233
R 753.41 o7 A
Il .07 A 1.11 W
Pl 3.36 W
R2
R12
15.85V 8 K
226.41

o |~ |3 |m

R2

15.85V

8000

o~ |xo|m

R3

— VWA~

527

vE = CONSTANT
vR = INVERSIVE
vl = ADD
vP = ADD

R3
36.89V
527
.07 A
2.58 W

O | = A m




