
This first video in the ECE Topics Series provides an introduction to what voltage, current, power, and resistance are. 
Going beyond basic theory, we present real-world examples of each. In addition to classic topics like Ohm's Law, we 
introduce device datasheets and show how such information can be used to design, build, and test a simple circuit.

ECE Topics #1   -- Voltage, Current, Resistance, and Power

Slides downloaded from: https://ecefiles.org/ece-topics/

Companion video at: https://www.youtube.com/watch?v=2kJbzG6z_tU

This material is provided by ecefiles.org for educational use only.

https://ecefiles.org/ece-topics/
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Episode 1 Topics

• The Basics

• What are current, voltage, and power ?

• Real world applications and example values

• Ohms Law vs Device IV Curves

• Circuit Analysis and Design

• Protoboard Construction / Testing
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What is Current “I” ?

The flow-rate of electric charge in Amperes

𝐼 =
𝑄

𝑡
𝐼 =

∆𝑄

∆𝑡
𝑖(𝑡) =

𝑑𝑞

𝑑𝑡
or or

Charge in Coulombs

Time in seconds

+

_
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What is Current “I” ?

The flow-rate of electric charge:

I(t)

+

_

I

t

I(t) ≈ 0.3 u(t)
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Application Current  I

Flashlight Bulb 0.3 A

Red LED 0.005 Amps (5 mA)

USB Charger 0.5 to 2+ A

Electric Vehicle 0 to 200+ A



I(t)

+

_

OK – So what is Voltage ?

This is more complicated…

It’s kinda like the “pressure” behind the flow…

But actually, it’s energy (a.k.a. work) 

per unit charge, in Volts

𝑉 =
𝑊

𝑄
𝑉 =

∆𝑊

∆𝑄
or

Application Voltage V

Flashlight Bulb 3 Volts

Red LED 1.8 V

USB Charger 5 V  (5-20V for PD)

Electric Vehicle 200 to 800 V

Work (energy) in Joules

Charge in Coulombs

3V
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Measuring I and V
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Small Currents Voltages and Large Currents



How Are V&I Related ?

Application Voltage Current Power

Flashlight Bulb 3 V 0.3 A 0.9 W

Red LED 1.8 Volts 0.005 Amps 0.009 Watts (9 mW)

USB 5 V 2 A 10 W

Electric Vehicle 800 V 200 A 160 kW  (215 HP)

𝑉 𝐼 =
∆𝑊

∆𝑄

∆𝑄

∆𝑡
= 
∆𝑊

∆𝑡
= 𝑃 𝑜𝑟

Through Power (P) in Watts

𝑃 = 𝑉𝐼
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How Are V&I Related ?

Application Voltage Current Power

Flashlight Bulb 3 V 0.3 A 0.9 W

Red LED 1.8 Volts 0.005 Amps 0.009 Watts (9 mW)

USB 5 V 2 A 10 W

Electric Vehicle 800 V 200 A 160 kW  (215 HP)

𝑉 𝐼 =
∆𝑊

∆𝑄

∆𝑄

∆𝑡
= 
∆𝑊

∆𝑡
= 𝑃 𝑜𝑟

Oh yeah, and thru “Ohms Law”…

𝐼 =
𝑉

𝑅
=> 𝑃 =

𝑉2

𝑅
𝑃 = 𝐼2𝑅

50 Ohm Resistor 

(actually 51.4    )Resistance in Ohms Ω

Through Power (P) in Watts

𝑃 = 𝑉𝐼
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Ohms Law  vs Device IV Curves

𝐼 =
𝑉

𝑅

𝑅 =
𝑉

𝐼
𝑉 = 𝐼𝑅
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Circuit Analysis and Design

+

_
5 V

𝑅 = ?

LED will have V=1.8 V across it

+

_

1.8 V

5 mA
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If  I = 5 mA

flows 

through

LED



Circuit Analysis and Design

+

_

+

_

+

_

5 V

3.2 V

1.8 V

5 mA

𝑅 =
𝑉

𝐼
=

3.2

0.005

= 640 Ω

𝑈𝑠𝑒 𝑅 = 680 Ω
(Standard value)

Check power 

dissipations !

(Recall:  P = IV)

Voltage Rise

of 5 V

“Voltage Drop”

of 3.2 V
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5V supply minus

1.8V across LED 

leaves 3.2V across R,

So…



Construction / Testing
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A Little More Theory …
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Ohm’s Law

𝑅 =
𝑉

𝐼

𝑉 = 𝐼𝑅

𝐼 =
𝑉

𝑅
Kirchoff’s Current Law

At a “node”:

Kirchoff’s Voltage Law

Around a loop:

෍𝐼𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 =෍𝐼𝑙𝑒𝑎𝑣𝑖𝑛𝑔 ෍𝑉𝑟𝑖𝑠𝑒𝑠 =෍𝑉𝑑𝑟𝑜𝑝𝑠



Suggested References

https://youtu.be/pQgxiQAMTTo?t=858

https://www.amazon.com/Practical-Electronics-Inventors-

Fourth-Scherz/dp/1259587541/ref=asc_df_1259587541
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Future Episodes ?

From Intro EE Course Syllabus (Fall 2010 offering)
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From Electronics 2 Course Syllabus (Fall 2015 offering)



THANKS FOR WATCHING !
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