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Voltage (Volts) is a quantity that measures electrical 
potential in an electrical system. The symbol (V) is used 
to represent voltage.

Batteries and energy sources (PV) are viewed as voltage 
sources.

Voltage
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Current (Amps, A) represents the rate of electron 
charge flow. The symbol (I) is used to represent current.

By convention, negative charges moving in one direction 
constitutes a positive current flow in the opposite direction

Current
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Resistance (Ohms, Ω) is the opposition to the flow of 
current. The symbol (R) is used to represent resistance.

 Ohm’s Law:

Resistance
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Ohm’s Law Example

= 2A

10V =

Solve for the unknown quantity

Solution:

V = Voltage (V) 
I = Current (A)
R = Resistance (Ω)
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Power (Watts) is the measure of energy per unit time.

Power

V = Voltage (V) 
I = Current (A)
R = Resistance (Ω)
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Power Example

= 2A

10V =

Solve for the power absorbed by the resistor

Solution:

V = Voltage (V) 
I = Current (A)
R = Resistance (Ω) 
P = Power (P)
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Energy
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V = Voltage (V) 
I = Current (A)
t = Time (hr/sec)



Energy Example

Solve for the energy absorbed by a 500W heater over 3 hours 
P = 500W
t = 3 hours

Solution:
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V = Voltage (V) 
I = Current (A)
R = Resistance (Ω)
P = Power (P)
E = Energy (Whr)



 Power = V x I = I2R = Energy ÷ time 

1000 Watts = 1 kiloWatt (kW)

1 Watt = 1 Volt x 1 Amp

 Voltage = I x R

1 Volt = 1000 milliVolts (mV)

 Current = V/R

1 Amp = 1000 milliAmps (mA)

 Resistance = V / I

1 Ohm = 1 Volt ÷ 1 Amp

 Energy = P x t

1 kiloWatt hour (kWhr) = 1000 Watt hours (Wh)
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Equations & Conversions
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PV circuit representation:

 PV is used as a voltage source

PV as a Power Source:
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Two conditions of interest

 Short-circuit current, ISC

 Terminals are shorted, 
current is measured

 Open-circuit voltage, VOC

 Terminals are open, voltage 
is measured

PV as a Power Source:
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PV I-V Relationship:

V.curve shows the relationship between voltage and 
current for a PV cell.

• Remember that Power is equal to 
Voltage x Current (P = IV).

• Maximum Power is the point at 
which the product of voltage and 
current is maximum.

• Notice that current is maximum at Isc 

but voltage is zero.
• Likewise, the voltage is maximum at 

Voc but current is zero.
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PV Sticker Information

Remember that PMPP = IMPP x VMPP
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For PV modules in series,

 Voltage adds

 Current remains constant
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PV Panels in Series:



For PV modules in parallel,

 Current adds

 Voltage remains constant

PV Panels in Parallel:
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 Power = V x I = I2R = Energy ÷ time 
1000 Watts = 1 kiloWatt (kW) 1
Watt = 1 Volt x 1 Amp

 Voltage = I x R
1 Volt = 1000 milliVolts (mV)

 Current = V/R
1 Amp = 1000 milliAmps (mA)

 Resistance = V / I
1 Ohm = 1 Volt ÷ 1 Amp

 Energy = P x t
1 kiloWatt hour (kWh) = 1000 Watt hours (Wh)

Useful Information

PV panels in series:
• Current remains constant
• Voltages add

PV panels in parallel:
• Voltage remains constant
• Currents add



Suppose each PV panel has the following:
Isc = 2A, Voc = 10V. What should the total ISC and Voc be for the following 
array configurations?

Remember that voltage adds in series and current adds in parallel

a)

b)

PV Configurations Example
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Suppose each PV panel has the following:
Isc = 2A, Voc = 10V. What should the total ISC and Voc be for the following 
array configurations?
Remember that voltage adds in series and current adds in parallel

Solution:

a)

b)

PV Configurations Example
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PV Configurations Example

Suppose each PV panel has the following:
Isc = 2A, Voc = 10V. What should the total ISC and Voc be for the following 
array configurations?
Remember that voltage adds in series and current adds in parallel

Solution:

c)

Add panels in series first, then add 
strings of panels in parallel
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Direct Current (DC) is when charge flows at a steady 
rate in one direction only

Batteries, PV, Wind provide DC current.

Direct Current
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Alternating Current (AC) is when charge flows back and forth 
sinusoidally.

 AC electricity in the US delivered by utility has a frequency (the rate at 
which the direction changes) of 60 cycles/s or 60 Hz

 Inverters can be used convert from DC to AC

Alternating Current
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Digital Multimeter

AC/DC Toggle Button

Control Dial

Positive Probe 
(Red)

Negative probe (Black)

COM (negative) input

Voltage/resistance/diode 
measurement input

Amp (A) input

Miliamp (mA) / microamp 
(μA) input

Alternating Current (AC): ~ 

Direct Current (DC):⎓
Display
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Digital Multimeter PV 
Measurement Demonstration
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When computing the impact of any appliance on total 
power consumption, it is very important to look not just at 
the rate of power use (in watts per hour), but also at the 
number of hours per day (or year) of typical use.

Example:

• A laptop computer uses 15-60 watts per hour, 10 hours per day
= 150 to 600 Watts of energy consumed each day

• A toaster oven uses 1200 watts per hour, 5 minutes per day 

(1200 W/hr) ÷ (60 minutes/hour) = 20 Watts per minute

(20 W/min) x (5 minutes) = 100 W per day

27

Power Consumption



EnergyStar appliances are held to strict 
standards by the US Environmental 
Protection Agency (EPA) to be more energy 
efficient than their conventional 
counterparts.

They can be more expensive upfront, but 
the energy savings they deliver can result in 
significant cost savings over the life of the 
appliance.

EnergyStar Appliances
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https://www.energystar.gov/products/

what_makes_product_energy_star

http://www.energystar.gov/products/


https://www.consumer.ftc.gov/articles/007
2-shopping-home-appliances-use-
energyguide-label28

http://www.consumer.ftc.gov/articles/007


Conventional Appliances:

 Refrigerator: 327 kWh

 Washing Machine: 187 kWh

No EnergyStar Rating:
* Laptop: 175 kWh
* Cell Phone Charger: 20 kWh
* Microwave: 220 kWh
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Annual Energy Consumption of 
Common Appliances

EnergyStar Appliances:

* Refrigerator: 297 kWh

* Washing Machine: 93 kWh
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This material is based upon work supported by the National Science Foundation under Grant #DGE1735173.

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the 
author(s) and do not necessarily reflect the views of the National Science Foundation

The UArizona Indige-FEWSS NSF NRT 
would like to thank you for joining us today!

A NSF funded program in partnership with Diné College.
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