CHAPTER 4.10 | MOVING CHARGES AND MAGNETISM

The Moving Coil Galvanometer A Top

From first principles to practical instrumentation: mastering the anatomy, physics, and mathematical sensitivities of the MCG.
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Why We Need a Measuring Device A Topai

The Abstract The Practical
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We know that currents and moving charges How do we definitively claim a circuit has a 1.5
interact with magnetic fields (Lorentz force). A current or a 1.2 V drop? We need a device
But these forces and fields are invisible. that translates invisible electrical flow into a

visible, calibrated mechanical response.

Enter the Moving Coil Galvanometer (MCG). An instrument designed to

detect and measure micro-currents by harnessing magnetic torque.



Anatomy of the Galvanometer £\ TopAl

Pointer & Scale

Translates the microscopic
angular twist into a readable
linear scale.

The Coll

A multi-turn wire coil free to
rotate about a fixed axis.

Soft Iron Core

A cylindrical core placed inside
the coil. Crucial function: It T
makes the magnetic field radial
and increases field strength.

The Spring (Sp)

A delicate hairspring that
provides a mechanical
counter-torque when the coil
twists.

Concave Pole Pieces

Magnets shaped to ensure the
field lines point radially across
the coil's rotational path.
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The Physics of Deflection: A Torque Tug-of-War

T = NIAB

* Current (/) flows through N turns
of area A in magnetic field B.

Driving Force
(Magnetic)

Restoring Force
(Mechanical)

T=ko

* The spring twists by angle ¢,
resisting with a torsional

P ~ constant k.
Radial Field Magic: Because the
field is radial, the angle is always
S 90°, making sinf = 1 constantly. o
f 3

The Equilibrium Point

The pointer stops moving when the torques perfectly balance.

ko = NIAB £\ TopAl




Current Sensitivity & Optimization

Current Sensitivity = Deflection
per unit current (¢/1)
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Chip A:

M Increase Area
L (Limited by device size).

|

Chip k:
J Decrease Torsion Constant
(Use a softer, more delicate spring).
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Chip N:

T Increase Turns (High impact,
but increases resistance).
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Chip B:
M Increase Magnetic Field

(Achieved via soft iron ¢:nr::re),m‘i
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( A\ The Voltage Sensitivity Trap (Exam Favorite)

Increasing turns (N —= 2N) doubles Current Sensitivity.

But it also doubles the wire's resistance (R — 2R).
Therefore,
Voltage Sensitivity (¢/V = NAB/kR) remains unchanged.




Hacking the MCG: Conversion to an Ammeter A Topau

P Galvanometer
The basic MCG (Rg) a
IS t00 sensitive

(maxes out at
micro-amps pA)

Shunt (r):
A very small resistance
placed in parallel.

-

and its high 2y
resistance lane, absors ;Esorbin
| Current : :
would alter the Tota almost all the current
circuit’s overall I so the delicate coil
isn't fried.
current. ’ Shunt ()
. ; : Rg X 71y ;
Effective Resistance of Ammeter: R.; = TR =~ Ts (since Rg > ry).

The instrument now has negligible resistance.
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Exam Mastery: Key Takeaways

B g
Core Equilibrium Sensitivities
ko = NIAB Current: [, = NAB/k
Always remember the soft iron core Voltage: V, = NAB/kR
| quarantees the radial field, so sin® is always 1.
A )\
A ol 4
The N Paradox Instrument Conversion
Doubling turns (N) doubles current sensitivity, To Ammeter: Connect tiny Shunt (rs) in
but leaves voltage sensitivity completely Parallel. (Ideal resistance - 0).
rnlizzzgfd ] o e To Voltmeter: Connect large Resistance (R) in

Series. (ldeal resistance = ).
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What TopAll Pro Does Differently
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