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Ammeter – measure 
electric current 



Series have 
highest 
resistance
Parallel have 
lowest 
resistance

2,1,3,4
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¼ + ¼ = ½  (1/2)-1  2
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Curriculum
 describe electrical energy in kilowatt hours and joules, 

using the equation Ee = Pt for electrical energy and the 
equation P = VI for power 

 describe the operation of a transformer, in terms of the 
relationship among current, voltage and the number of 
turns in the primary and secondary coils, using the 
equation Np / Ns = Vp / Vs = Is / Ip 

 calculate current voltage and the number of turns in the 
primary and secondary coils of electrical transformers 



1.5) Transmitting electrical energy
 All electrical devices use energy; that energy needs to 

be transported to the device.

 Every device has a power rating = energy consumed per 
second.

 Determined using:

 Power (W) or (J/s) 
 Energy (J) 
 time (s)

𝑃𝑃 =
𝐸𝐸
𝑡𝑡



Example
 A microwave has a power rating of 800 W. It runs for 

30 min or 1800 s. How much energy does the 
microwave use?

 E = Pxt
 (800)(1800) = 1.44 x106J



Example
 How long would it take to run a 100 W light bulb and 

use 734 J of energy?
 P x t = E
T = E / P

734 J
--------- = 7.34s
100W



Kilowatt Hours
 Common electrical devices use a lot of joules
 Because so much energy is used, the unit of kilowatt 

hour is often used
 Kilowatt hour is a measure of energy
 Everything is the same as the last formula except:

 1 kW= 1000 W
 1 h = 3600 s



Kilowatt Hours



Example
 A microwave has a power rating of 0.800 kW. It runs 

for 30 min or 1800 s. How much energy does the 
microwave use, in kW∙h?

 E = p x t
 (0.800 KW) x (1800s/3600s)
 =0.4kW.h



Example
 You bake a potato in a 1.20 kW toaster oven for 25 min. 

 How many joules of electricity did the toaster oven use?
 E = p x t    (1.20 x 1000) x (25 x 60) = 1.8 x 10 6 J

 How many kilowatt hours did it use?
 E = p x t  (1.20KW) (25/60) = 0.5 kW.h

 If it cost 9.3 ¢ / kWh, how much does it cost to bake the 
potato?

 0.5 x 9.3 = 4.65 cents so about 5 cents 



Power
 Power is also related to voltage and current
 The formula for power is:



Example
 Find the power of a toaster that draws in 4 A of current 

and has a voltage of 200 V

 P = I x V

 4 x 200 = 800W



Example
 Find the current this light bulb requires

I = p/v

 60W
-------- = 0.5 A
 120 V



New formula for power

𝑉𝑉 = 𝐼𝐼𝐼𝐼

You can combine these two formulas to get…

P = I2R



Example
 The volume is turned up in a car with a 4.0 Ω speaker 

so that 4.50 A of alternating current flows in the 
speaker. Calculate the power consumed by this 
speaker.

 Use… P = I2R        R = 4   I = 4.5   P=? 

 4.52 * 4 
 =81 W



Board Question
 Find the current provided by 12.0V battery passing 

through a 60 Ω lightbulb.

V/R = I 

12.0 V / 60 = 0.2 A

V = I R



Board Question
 Find the resistance when 1.34 kW of power is supplied 

with 40 A of current.

P = I2R

R=?
P = 1.34kW **note units!
I= 40A

(1.34 * 103)
-------------
(40)2

= 0.8375Ω



Challenge Question
 9300 kWh of energy is supplied to a home in 3 days. If 

they have 120 V outlets, find the current available to 
their home.

I = P/V      P = E /t

P = E / t
9300 KWH / (24 x 3) = 129.16 kW
I = P/V
(129.16 x 1000)/120V = 1076 A



Transporting Electricity 
 When electricity is transported long distance some of 

the energy is lost as heat
 In order to reduce the heat lost, current must be kept 

as low as possible







P = I2R



Summary of Power Transmission
Power Generation

Transformers 
step down voltage to a safe level before the 
electricity enters homes

Transformers 
step up voltage

Transport of 
electricity can use 
a low current and 

a high voltage 
which is efficient



Example
 A 100-km length of transmission cable has a resistance 

of 5.0 Ω. This cable transmits 500 kW of power from 
the generator to a small town. 
 Determine the electric current required to transmit the 

500 kW of power if the voltage used within the system is 
5000 V

𝑃𝑃
𝑉𝑉

= I     (500 𝑥𝑥 103)
5000

= 100 A



A 100-km length of transmission cable has a 
resistance of 5.0 Ω. This cable transmits 500 kW 
of power from the generator to a small town. 

 Calculate the power lost due to heating effects through the 
100 km of conducting cable

 P= I2R    I = 100 (from previous question)  R = 5


(1002)(5) = 50 000 W  (power lost)



A 100-km length of transmission cable has a 
resistance of 5.0 Ω. This cable transmits 500 kW 
of power from the generator to a small town. 

 Determine the percentage of the transmitted power that 
was lost due to heating effects in this arrangement.


𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙

𝑝𝑝
x 100    50 000

(500 𝑥𝑥 1000)
 x 100 = 10%



A 100-km length of transmission cable has a 
resistance of 5.0 Ω. This cable transmits 500 kW 
of power from the generator to a small town.
 Repeat the analysis by increasing the voltage within the 

system to 50 000 V


𝑃𝑃
𝑉𝑉

= I


(500 𝑥𝑥 1000)

50 000
= 10 A

 P = I2R
 102 x 5 = 500 W (power post)


𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙

𝑝𝑝
x 100  500

500 𝑥𝑥 1000
x 100 = 0.1 %



What can we infer about the 
relationship between the equation 
P= I x V? 

To keep power the same:
I (current) must go down as voltage 
(v) goes up

P(same) =   I   x   V

This is different than the V = I x R

V  =   I  x R 



Transformers
 Since electricity needs a high voltage to be transported 

over long distances, it must be stepped down to be 
safely used in homes

 Transformers are devices that can be used to step up ( 
increase v) or step down (decrease v) voltages







Changing voltage
 Transformers can change the voltage of an electrical 

supply by:
 stepping it up (increasing it)
 stepping it down (decreasing it)

 step up transformers: more secondary coils than 
primary coils

 step down transformers: fewer secondary coils than 
primary coils

Np = Vp

Ns     Vs

* See page 3 in data book



Which transformer steps up 
voltage?

What happens to current when voltage is stepped up? 
Hint: Power stays the same!

Transformer videos

http://feeds.howstuffworks.com/DailyStuff


Transformer Calculations

 N = number of turns
 p = primary
 s = secondary
 I = current
 V = voltage



Example
 A large neon sign is powered by a high-voltage power 

supply. The power supply takes a 240-V input and then 
uses a transformer to increase the voltage to  12 000 V 
to operate the sign.
 Does the power supply use a step-up or step-down 

transformer?
 Step up because V is increasing



A large neon sign is powered by a high-voltage 
power supply. The power supply takes a 240-V 
input and then uses a transformer to increase the 
voltage to  12 000 V to operate the sign.
 If the transformer has 125 turns of wire on the primary coil, 

determine the number of coils on the secondary coil.  (step 
up = more secondary coils) 

Np = 125, Ns = ?, Vp(input)= 240 V, Vs (output)= 12000V
𝑉𝑉𝑙𝑙 𝑥𝑥 𝑁𝑁𝑝𝑝
𝑉𝑉𝑝𝑝

= Ns     (12000)(125)
240

= 6.25 x 103

The secondary coil of the transformer has 6 250 turns of 
wire



A large neon sign is powered by a high-voltage 
power supply. The power supply takes a 240-V 
input and then uses a transformer to increase the 
voltage to  12 000 V to operate the sign.

 The power supply requires 25.0 A of input current. 
Determine the output current that powers the sign.

Vp = 240 V, Vs = 12 000V, Ip = 25.0A, Is = ? 

(240 𝑥𝑥 25.0)
12 000𝑉𝑉

= 0.500 A

The output current to power the sign is 0.500 A



Board Question
 The transformer on a power pole takes input voltage of 

4.00 kV and then delivers 240 V to a home
 Is this a step up or step down device?

 This is a step down because V is decreasing

 If there are 180 turns on the secondary coil in the 
transformer, determine the number of turns on the 
primary wire

 Ns = 180 Vp = (4 x 1000) Vs = 240  Np=? 

 The secondary coil would require 3000 turns of wire



The transformer on a power pole takes input 
voltage of 4.00 kV and then delivers 240 V to a 
home

 If the maximum current supplied to the home is 100 A, 
determine the current supplied to the transformer

 I output = home    I input = power supply

 Vp= 4000V  Vs = 240   Is = 100A    Ip = ? 


100𝑥𝑥240

(4000)
= 6 A



Sample Diploma Problem

543



3
4
2
1



0.4kW

32 x 0.4KW x 24 h = 30.72 kWh



Sample Diploma Problem



Vp = 7000
Vs = 240
Ip = 3.43
Is = ?
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