Electromagnetism and
Magnetic Field Principles

Recognition: what's in the cabinet, why it needs AC, what the hum means.

NAL CORROSION TRACK FOUNDATION TIER ELECTRICAL BASICS FOR CP ~30 MINUTES



EC-006 - LEARNING OBJECTIVES

BY THE END OF THIS MODULE

You'll be able to —

Recognize the major components inside a CP rectifier cabinet (AC input, breaker, transformer, bridge, panel shunt, DC
output).

Explain what the transformer does (scaling AC voltage from utility level to a working level the bridge can convert to DC).

Explain why a transformer needs AC and won't work on steady DC.

Read the 60 Hz hum from outside an active cabinet and know what changes in it can mean.

Apply the safety frame from "Follow the Electricity" — PPE, calibrated multimeter, leads-off-then-energize — whenever
working inside an active rectifier.
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EC-006 - THE HOOK

PRE-INSTALLATION INSPECTION - SAFE CONTEXT

A new CP rectifier just arrived.

Bench-mounted, no power connected, fresh out of the crate. Cover off, looking inside.

Pre-install routine: check for loose terminals, anything damaged in shipping, anything that doesn't belong. The biggest physical
thing in there is hard to miss — a heavy chunk of iron and copper, sometimes oil-filled, sometimes finned for cooling, taking up

a meaningful share of the interior. That's the transformer.

De-energized inspection is the safe time to look closely at the components in person. Note them, document them, close
the cover.
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EC-006 - THE HOOK

ROUTINE ANNUAL VISIT - MONTHS LATER

Now installed and online — and humming.

Same unit, two months later. Field-installed, AC service connected, structure cable wired up. You walk past it
on your normal annual rounds.

From outside the cabinet — door closed, nothing opened — you can hear a faint, steady hum.

That hum is the transformer doing its job. The same component you noted on the bench is now flexing slightly with every
cycle of the AC powering it, moving energy through a magnetic field. EC-006 is about what that job actually is.
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Two safe contexts:
pre-installation (de-energized) and
routine observation (from outside).

Both teach you what you need.



EC-006 - ROADMAP

WHAT WE'LL COVER

Recognition, not engineering — what a working tech
needs.

01 02 03 04 05
Cabinet anatomy Transformer's job Why AC The hum Where else EM lives
What's inside a CP rectifier Scaling AC voltage - tap Changing field induces What it tells you from Pipelines - clamp meters -
settings voltage outside relays
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EC-006 - SAFETY FRAME

FOLLOW THE ELECTRICITY — THE WORKING PRACTICE

CP rectifiers contain BOTH AC and DC simultaneously.

Working inside an active rectifier

* PPE not optional. Insulated rubber gloves, insulated tools.
* Calibrated, high-impedance multimeter with proper leads. Test leads matter as much as the meter.
* Voltage indicator with a detection threshold of 30 V or less for cabinet-safety verification.

* The measurement sequence: connect leads with the unit OFF, remove hands from the cabinet, then
turn the unit ON to take the reading.

* Working alone is not recommended.

Source: "CP Rectifier Troubleshooting: Follow the Electricity," Field Notes from RCS
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PART 1 OF 5

What's inside a CP rectifier
cabinet.



EC-006 - THE COMPONENT CHAIN

FOLLOWING THE PATH OF ELECTRICITY

Same chain on every CP rectifier.

r N
CP rectifier cabinet
~ AC ~
~ AC ~ . - DC -
Transformer
primary - core - secondary N
AC Bridge shunt
breaker tdp settings (coarse + fing) (stack) r—
AC - DC
AC in DC out
scales the AC voltage
\ J

AC input - AC breaker — transformer (with tap settings) — bridge/stack —» panel shunt - DC output lugs (+) and (-).
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EC-006 - SIX COMPONENTS TO RECOGNIZE

IN ORDER ALONG THE CHAIN

Recognition list.

* AC input lugs — where the utility service connects.

* AC circuit breaker — protects the cabinet from incoming-side faults.

* Transformer — scales AC voltage; has tap settings (coarse + fine).

* Bridge or stack — converts AC to DC.

* Panel shunt — calibrated low-resistance device for current measurement.

* DC output lugs (+) and (-) — where the structure cable connects.
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EC-006 - RECOGNIZING THE TRANSFORMER

PHYSICAL RECOGNITION

Heaviest component in the cabinet — hard to miss.

» Takes up a big share of the cabinet's interior, often mounted on the bottom or back wall.

» Often oil-filled (sealed metal case) for cooling on larger units, or air-cooled / finned on smaller dry-type units.
* Has two sets of terminals — primary (where utility AC arrives) and secondary (where AC heads off to the bridge).
* Tap setting bus bars on the secondary side — physical connection points labeled coarse and fine.

* Nothing else in the cabinet looks like it.
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EC-006 - RECOGNIZING THE BRIDGE

PHYSICAL RECOGNITION

Smaller than the transformer, mounted nearby.

Silicon diode Silicon modular Selenium

Most common modern CP rectifier. Built Silicon diodes packaged into a single Older technology. Still found on legacy units
from individual silicon diodes wired into a replaceable module. Same physics, different in service. If the bridge fails, it's typically
bridge configuration. Each diode can be physical packaging. Failed modules typically replaced as an assembly.

tested individually if there's a problem. swapped out as a unit.

The four-diode mechanics are their own topic.
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PART 2 OF 5

The transformer's job — scaling
voltage.



EC-006 - WHY VOLTAGE SCALING

FROM UTILITY LEVEL TO WORKING LEVEL

Utility AC is much higher than CP needs.

Utility power typically arrives at one of the standard service voltages — 120 V, 240 V, or 480 V — depending on what's
available at the site.

CP systems typically need much lower DC outputs to drive the right current onto the structure — often in the 10 V to 50 V
range, sometimes higher for long-distribution or deep-anode systems.

The transformer's job: step the AC voltage down from utility level to a working level the bridge can convert to DC. Without
it, the rectifier would put utility-level voltage on the structure — way more than the system needs.

EC-006 — Electromagnetism and Magnetic Field Principles training.rcswv.com



EC-006 - THE BASIC PRINCIPLE

TWO COILS, ONE IRON CORE

Energy crosses as a magnetic field.

oscillating magnetic field through the core

AC source to bridge

primary secondary
(AC in) (AC out, scaled)

No direct electrical connection between primary and secondary. AC in the primary creates a changing magnetic field in the iron
core; the field induces an AC voltage in the secondary winding.
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There's no wire from primary to secondary.
The energy crosses as a magnetic field
through the iron core.



EC-006 - TAP SETTINGS

ADJUSTABLE SECONDARY VOLTAGE

Coarse and fine — without changing the transformer.

Most CP rectifier transformers have tap settings on the secondary winding — physical bus-bar connections that let a
technician change the secondary voltage without changing the transformer itself. Two parts on most units:
* Coarse tap — large jumps in secondary voltage (e.g., 0%, 25%, 50%, 75%, 100% of full-tap voltage).

* Fine tap — smaller adjustment between coarse-tap settings (e.g., 0%, 5%, 10%, 15%, 20%).

Combine the two and a tech can dial in a wide range of secondary voltages by moving the connections to different bus bars.

"Tap up" and "tap down" = physically moving connections to change the AC voltage going into the bridge, which changes the
DC output to the structure.
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PART 3 OF 5

Why a transformer needs
AC.



The principle, in one sentence:
A *changing* magnetic field induces a
voltage
in a nearby coil of wire.

(Faraday, 1831 — historical credit, no equation needed.)



EC-006 - AC CHANGES, DC DOESN'T

WHY THE WORD "CHANGING" IS EVERYTHING

The field has to be moving for the secondary to
produce.

DC — steady AC — changing

field doesn't change — no induction field changes constantly — induces voltage

Steady DC after start-up = field doesn't change = secondary stops producing. AC sixty times per second = field constantly
changing = secondary constantly producing.
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Transformers need AC because they need a changing magnetic field.
With DC, the field stops changing, and the secondary stops producing.




EC-006 - TWO STAGES, TWO PURPOSES

FROM UTILITY AC TO STRUCTURE DC

The transformer scales. The bridge converts.

» Utility AC arrives at the cabinet at 120V, 240V, or 480 V depending on the service.

* Transformer scales the AC down to a working level — still AC. Tap settings let a tech adjust this voltage.
* Bridge / stack converts the scaled AC to DC.

* DC out through the panel shunt and the (+) and (—) lugs to the structure.

Two stages, two purposes. The transformer fixes the voltage; the bridge fixes the regime.
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PART 4 OF 5

The hum — what it tells you from
outside.



EC-006 - WHAT'S MAKING THE NOISE

THE MECHANISM

The iron core flexes at line frequency.

The transformer's iron core is magnetized and demagnetized 120 times per second on a 60 Hz AC line — twice per cycle,
because each cycle has both a positive and a negative peak.

As the iron magnetizes and demagnetizes, it physically flexes — very slightly, but enough to vibrate the air around it.

That vibration is what your ear is picking up — a steady, low, 60-Hz-ish drone. A working transformer in a working CP
rectifier always makes some level of this noise. It's the sound of electromagnetic induction doing its job.
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EC-006 - READING THE HUM

DIAGNOSTIC FROM OUTSIDE THE CABINET

What changes in the hum can mean.

Steady baseline Louder than usual
Normal. What you expect on a healthy unit. Worth logging. Possible: loose mounting
No action. (cabinet resonates), loose laminations, high

incoming voltage, increased load.

Buzzing/rattling

Mechanical or electrical issue. Schedule a
follow-up with proper PPE per the
troubleshooting practice.

All of this is observation from outside the closed cabinet — no opening required.

EC-006 — Electromagnetism and Magnetic Field Principles

training.rcswv.com



EC-006 - LOOK - LISTEN - SMELL

THREE OBSERVATION MODES

Before opening any cabinet — use what you can from
outside.

From the "Follow the Electricity" troubleshooting practice: look, listen, and smell are three observation inputs that can hand you
a diagnostic before you reach for the latch.

* Look — visible damage to the enclosure, scorch marks visible through vents, abnormal indicator-light patterns.
* Listen — the hum, as discussed; also any unusual rattling or mechanical noise.

* Smell — overheated insulation has a distinct burning odor; a recently failed component sometimes leaves a chemical smell
that lingers.

A thorough exterior observation takes about a minute. It can hand you the answer to a problem before you ever pick up a
meter — and lets you decide whether the unit needs a closer look on a follow-up visit with proper PPE and procedure.
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PART 5 OF 5

Where else electromagnetism shows up
in CP.



EC-006 - INDUCED AC ON A PIPELINE

SAME PHYSICS, DIFFERENT SCALE

A pipeline parallel to a power line is the secondary.

A buried pipeline running parallel to a high-voltage AC transmission line picks up induced AC on its surface — a topic we've
touched on before. The same physics that makes a transformer work — a changing magnetic field inducing a voltage in a
nearby conductor — is what causes it.

* The transmission line is the "primary" — carries large AC current.
* The pipeline is the "secondary" — sees the changing magnetic field and gets an induced voltage.

e The air and soil between them is a much weaker version of the iron core in a transformer.

The coupling is loose compared to a real transformer — but the principle is identical.
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EC-006 - CLAMP METERS - RELAYS

TWO MORE PLACES EM SHOWS UP IN CP WORK

Clamp meters and relay coils.

* Clamp meters — the meter with a hinged jaw that opens and closes around a single wire to measure current without
breaking the circuit. The way it does that on older instruments is essentially transformer action: the wire being measured
acts as the "primary" (a single turn), and a winding inside the clamp acts as the "secondary." The clamp's iron jaw
concentrates the magnetic field around the wire through the secondary; an induced voltage in the secondary becomes a
current reading. (Modern meters often use Hall-effect sensors, which work on different physics, but older transformer-style
"current transformer" clamps are still common in CP work.)

* Relays, contactors, current interrupters — devices that use an electromagnet (a coil wound around an iron core) to
physically move a switch contact. Energizing the coil with current creates a magnetic field strong enough to pull a metal arm
against a contact, closing the switch. Same principle as the transformer (current - magnetic field), put to a different
mechanical use.
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EC-006 - RECOGNITION RECAP

WHERE ELECTROMAGNETISM LIVES IN CP WORK

Same principle, different scales.

Rectifier transformer Induced AC on a Clamp meter Relay coils
Voltage scaling inside the plpellne Transformer action wrapped Electromagnet pulls a switch
cabinet. The primary place EM Parallel power line couples to the around a single conductor for contact closed. Inside current
lives in a CP system. pipe. Loose coupling, real non-contact current interrupters and contactors.
conseqguence. measurement.

EC-006 — Electromagnetism and Magnetic Field Principles training.rcswv.com



EC-006 - TAKEAWAYS 31 / 32

KEY TAKEAWAYS

What sticks.

* CP rectifier cabinet has a fixed component chain — AC input —» breaker - transformer - bridge - shunt - DC output. Same on
every unit; only size and manufacturer change.

* The transformer scales AC voltage from utility level (120/240/480 V) down to a working level the bridge can convert to DC. Coarse
and fine tap settings let a tech adjust.

* Transformers need AC because they need a changing magnetic field. With DC, the field stops changing and the secondary
stops producing.

* The bridge converts AC to DC. Three types in the field: silicon diode, silicon modular, selenium. The four-diode mechanics are their
own topic.

* The 60 Hz hum is the iron core flexing as it's magnetized and demagnetized at line frequency. Diagnostic from outside the cabinet.
* Electromagnetism shows up elsewhere in CP too: induced AC on parallel pipelines, clamp meters, relay coils.

» Safety frame: CP rectifiers contain both AC and DC simultaneously. Working inside an active cabinet requires PPE, calibrated high-
impedance multimeter, and the leads-off-then-energize practice from "Follow the Electricity."
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EC-006 - REFERENCES 32 / 32

WHERE THIS COMES FROM

References & further reading

* "CP Rectifier Troubleshooting: Follow the Electricity" — * AUCSC Basic Course — Companion treatment of
Field Notes from RCS article on the CP-rectifier component chain electromagnetic foundations.

and field troubleshooting discipline. - Corrosion Basics: An Introduction — Cathodic protection

* Nelson, C.M. — Cathodic Protection Rectifier Manual: context where the rectifier sits in the system.
Trouble-Shooting, Maintenance, & Selection —
Authoritative source on CP rectifier internal components, types,
and field practice.

» Corrosion Engineer's Reference Book — General electrical
and magnetic-fundamentals reference applied to corrosion
control systems.

* NFPA 70 (NEC) — National Electrical Code grounding
requirements for permanently mounted electrical equipment
such as a CP rectifier.

« AMPP CP-1 Cathodic Protection Tester Course Manual —
Foundation electromagnetism, transformer principle, and
rectifier operation.

« AMPP CP-2 Cathodic Protection Technician Course
Manual — Rectifier types, transformer types, and CP-rectifier
field operations.

* I[EEE Std 1100 — Recommended Practice for Powering and
Grounding Electronic Equipment, including remote monitoring
units.
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