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Objective 1.6
I can use a transformer’s turns ratio, input voltages and
currents, and output voltages and currents to calculate
the efficiency, source voltage, and current of a power
transmission system with one or more transformers.
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THE POWER GRID

ECE 215 (Spring 2025) 3 / 12



The Solution Examples

DC POWER TRANSMISSION
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´
`Power Plant

Rline

Phouse=12kW
`

´

120V

I

‚ Assume R=250mΩ /km, what is the efficiency for 20km distance?

‚ I “
Phouse

Vhouse
“

‚ Pline “ I2Rline “

‚ η “
Puseful

Ptotal
“

Phouse

Ptotal
“
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MAXWELL’S EQUATIONS
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16.67

´120

120

t (ms)

VDC

16.67

´170

170

t (ms)

VAC

‚ Ampere says an electric current through a wire
produces a circulating magnetic field (∇ ˆ H⃗ „ E⃗)

‚ Farady says a changing magnetic field in a coil

produces electric current (∇ ˆ E⃗ „
BH⃗
Bt

)
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MAXWELL APPLIED
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VAC

I1 I2

Load

`

´

V1

`

´

V2

primary secondary

N1 N2

‚ Changing magnetic flux (ϕ)
produces voltage

‚ V1,2 “ N1,2
Bϕ

Bt
‚ Flux on each side is equal
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WHAT DOES A TRANSFORMER DO FOR US?
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VAC

I1 I2

Load

`

´

V1

`

´

V2

primary secondary

‚ Power on each side must be conserved
‚ P1 “ P2 ùñ V1I1 “ V2I2

‚ Define the turns relationship as a “
N1

N2
“

V1

V2
‚ paV2qI1 “ V2I2

‚ a “
N1

N2
“

V1

V2
“

I2

I1
‚ a ă 1 is step up (why?)
‚ a ą 1 is step down (why?)
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FIND I2, a, PLINE , AND η
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VAC

5Ω I1 I2

`

´

120VRMS & 12kW

`

´

V1

`

´

V2

a=10
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EXAMPLE 1
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What is the efficiency of this circuit?

VAC

5Ω I1 I2

`

´

120VRMS & Phouse=1.5kW

`

´

V1

`

´

V2

a=10

VAC
5Ω

I1

V1
XFMR

a=10
V2=120VRMS

I2

House

P=1.5kW
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EXAMPLE 2
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If we desired a transmission efficiency of 99%, what is the required
turns ratio (a) and new source voltage?

VAC

5Ω I1 I2

`

´

120VRMS & Phouse=1.5kW

`

´

V1

`

´

V2

a=??
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EXAMPLE 3
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Vgen
Pgen

Igen

Rline,1=4Ω Rline,2=100mΩ

125 kW
240 VRMS

`

´

V1

`

´

V2

a=90

‚ What is the current provided by the generator?
‚ How much power is provided by the source?
‚ What is the voltage of the generator?
‚ What is the efficiency of the system?
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EXAMPLE 4
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Find the source voltage and system efficiency.

VAC

XFMR A

a=0.0625
Rline=5Ω

XFMR B

a=500

Load

P=2.4MW

V2=120VRMS

Steps:
‚ Find the load current
‚ Reflect XFMR B current and voltage
‚ Find Rline losses and voltage drop Vline

‚ Find voltage VA2 of secondary of XFMR A
‚ Reflect XFMR A current and voltage
‚ Find power produced at plant
‚ Find system efficiency
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