
Key components of a DC Circuit

● Electromotive Force (EMF)

● Current

● Resistance

● Conductor (wire)



DefinitionDefinitionDefinitionDefinition

● Electromotive Force (EMF):

● Defined as the voltage developed by any 
source of electrical energy such as a 
battery.

● EMF is measured in Volts (V) and 
represented by the letter “E” in ohms law 
formula
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DefinitionDefinitionDefinitionDefinition

● Electrical Current

● Electrical current is a measure of the 
amount of electrical charge transferred per 
unit time. It represents the flow of 
electrons through a conductive material.

● Electrical current is measured in Amperes 
or Amps (A) and represented by “I” in the 
ohms law formula.



Visual Analogy of Electrical 
Current



Definition of ResistanceDefinition of ResistanceDefinition of ResistanceDefinition of Resistance

● Property of an electric conductor by which 
it opposes a flow of electricity (electrons) 
and dissipates electrical energy away from 
the circuit, usually as heat.

● A resistor is an electrical component that 
limits or regulates the flow of electrical 
current in an electronic circuit.  

● As an example a light bulb, motor, radio, 
heating element and other electrical 
devices (commonly called a load) can be 
thought of as resistor since they opposes 
the flow of electrical current.





Definition of a conductor

● An electrical conductor is a substance in 
which electrons, move easily with the 
application of voltage.

● Pure elemental silver is the best electrical 
conductor encountered in everyday life. 
Copper, steel, gold, aluminum, and brass 
are also good conductors. In electrical and 
electronic systems, all conductors comprise 
solid metals molded into wires or etched 
onto circuit boards.

● Copper is the most common material used 
in wire.





Putting it all together



Ohm's Law



Another way to look at ohms law.
Voltage is measured in VoltsVoltsVoltsVolts

Current is measured in AmpsAmpsAmpsAmps

Resistance is measured in ohmsohmsohmsohms represented by the Greek letter omega 
((((Ω)Ω)Ω)Ω)

ΩΩΩΩA

V



Putting it all together



Multiplier Terms

Measured value are sometimes very small or very large.  
Modern day digital meters typically have the ability to 
only display a maximum of 4 or 5 numbers.  The use of 

these the modifiers allows the meter to display very small 
or very large numbers.  Example: A resistor rated as 

10,000,000 Ω would be  displayed as 10.00 MΩ on a DMM 
with a 4 unit display.

● µ for micro.  1 micro = .000001

● m for milli. 1 milli = .001

● K for Kilo. 1 Kilo     = 1,000

● M for Mega. 1 mega  = 1,000,000



Some Rules and More Definitions

● Short circuit: is an electrical circuit that allows a current 
to travel along an unintended path, often where essentially 
no (or a very low) electrical resistance is encountered.

● Open Circuit: Is the exact opposite of a short circuit.  
Open circuit is a infinite resistance between 2 points in an 
electrical circuit.  



This is an example of an inexpensive Digital Multi-Meter (DMM).  Note the warning 
that indicate this meter is limited to 1000 Volts DC.  The current measurements are 
limited to 10 amps DC. This meter has only a 3 segment display and thus has limited 
resolution

Meter requires that the proper range be selected for measurements.  The range 
number is the maximum reading for the selected range.  Anything above the range 
value will show as “OL” (overload) or as “1.   “.



This 5 segment display meter will 
automatically select the proper range for 
the value of the parameter being 
measured.  This more expense meter has 
a host of sophisticated capabilities not 
found in less expense meters.

The display on this picture indicates:
●Meter is selected to read AC Volts.
●The reading is 199.98 Volts AC
●The maximum reading for this auto 
range is 600 volts as indicated by the 
horizontal bar graph below the digital 
display.

●This meter can measure both AC and DC 
current.  As in this and all meters there 
are separate inputs to measure current.  

Bar graph

Special function keys

Selector function switch

Test jacks for test probes.  From Left to Right:
*  Amp jack.  Max current is 10 amps AC or DC.
*  Milli or micro amp jack.  Max current on this jack is .4 amp.
*  Common jack.  This jack is used for all measurements.
*  This jack is used to measure AC/DC volts, resistance in ohms, diode

testing, and with special probe, temperature.



SAFETY FIRST

● Working with electrical circuits can be 
hazardous.

● Safety issues:

– Shock

– Electrical arcing and burns

– Explosion

● Shorting or misconnection of a battery can cause it 
to explode.



Safety First

● Where appropriate personal protective equipment (PPE) when 
working on energized circuits.

● Were ever possible only work on a de-energized circuit.

● PPE:

– Safety glasses

– Other considerations:

– Check the condition of the meter and the test leads.

– Always hold the leads by the probe insulation

– Know what voltages you are working around

– Work in a dry environment

– Know what you are doing and prepare for the unexpected

– Don't work alone on high powered circuit



MAKING MEASUREMENTS USING A DMM

This is a practical exercise in the use of a DMM.  The test circuit is lower 
voltage, low power and will not present any danger of shock.

This is a group exercise.  Please follow the instructions carefully and record 
the  measured values for each activity.



For this exercise we will be measuring DC volts.  

A battery has a plus (+) and minus (–) polarity.  If the black and read lead 
were reversed a minus sign would appear in front of the indicated value.  This 
is only applicable to DC measurements of voltage and current.

EXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGE



EXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGE

Setting up the DMM
•Insert the test probes into the common and voltage jacks.  The black test probe 
should always be placed in the common jack.  Black is generally accepted to 
represent the Negative (-) probe and red the positive (+) probe.
•If you are using an auto range meter it is only necessay to set the meter to DC 
volts.
•If you are using a meter that does not have auto ranging set the meter to one 
scale higher that the voltage to be measured.  If the voltage to be measured is 
unknow, start with the highest range and work downward for an accurate 
reading.  The most accurate reading will always be the range just above the 
value being read.

DC Volts

Red

Black

RedRedRedRed

Select appropriate 
DC range.  In the 
case 20

Red

Black



EXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGE

With the meter now set to measure DC volts reference the diagram.

•Leave the test circuit switch open

•Place the red lead on point 1 and the black lead on point 2.

•Measure and recorded the voltage reading observing any polarity indications.

•Reverse the leads on points 1 and 6 and recorded the voltage reading observing any polarity indications.



EXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGEEXERCISE 1:  MEASURING VOLTAGE

With the meter now set to measure DC volts reference the diagram.

•Close the test switch by tying the wires on point 1 and 2 together.
•Place the red lead on point 2 and the black lead on point 3 and measure and recorded 
the voltage reading.
•Place the red lead on point 3 and the black lead on point 4.  Measure and record.
•Place the red lead on point 4 and the black lead on point 5.  Measure and record.

•Observe that the sum of the voltages measured on the series connect resistors R1, 
R2, and R3 equal the voltage of the battery.  The voltages measured across each 
resistors is know as voltage drop.
•Open up the switch connection.



Auto-Ranging DMM setup for reading resistance:

•Test leads for resistance measurements are the same as for measuring voltage.  
Red lead to volt/ohm jack and black lead to common test jack.
•For auto-ranging meter set Ω.
•Before making a resistance measurement it is always a good idea to short the 
meter leads together.  The value on the meter should be close to 0 ohms.  
Typically, the meter will read 0.1 or 0.2.  This is the resistance of the test lead.  
(Note: 0 ohms means there is no resistance.)  With the leads open the meter will 
either read “OL” or “1 .”.  This indicate the resistance is beyond the measurement 
range of the meter or open circuit.
•Some auto-ranging meters have a button labeled “REL Δ”.  This “relative” button 
is used to null out the lead resistance so that the added lead resistance is not 
measured. To use this function press the “REL Δ” button while shorting the test 
probes together.

EXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCE

REL Δ



EXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCE

Non Auto-Ranging DMM setup for reading resistance:

•Test leads for resistance measurements are the same as for measuring voltage.  Red lead to the volt/ohm 
•jack and black lead to common test jack.

•Set the DMM range initially to the lowest range.

•Before making a resistance measurement it is always a good idea to short the meter leads together.  
The value on the meter should be close to 0 ohms.  Typically the meter will read 0.1 or 0.2.

•Open the leads and the meter will indicate “OL” or “1  .” indicating the resistance is beyond the range 
•of the meter.  Open leads will produce the same reading on all resistance scales.

Resistance setting

5 resistance ranges.  Start
with the lowest range (200)
and work up until a valid
reading is obtained



EXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCE

With the meter now set to measure Ohms, reference the diagram.

•Open the test switch.
•Place the test leads on points 2 and point 3  Measure and recorded the Resistance reading.
•Place the test leads on points 3 and point 4.  Measure and record.
•Place the test leads on points 4 and point 5.  Measure and record.
•Place the test leads on points 2 and point 5.  Measure and record.

•Observe that points 2 to 5 equal the sum of resistors R1, R2, and R3. Resistors in series are 



EXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCEEXERCISE 2:  MEASURING RESISTANCE

Which picture shows the correct way of measuring a resistor and why?



Measuring Current with a DMM

● Danger:  Done improperly this measurement could be hazardous to 
DMM, the circuit under measurement and yourself.

● To measure current the meter become part of the circuit.  To the 
circuit the meter appears as just part of the conductive path.    

● The DMM has a separate inputs for current measurements.  

● The meter has specified current limits depending on the meter.  
Generally no more than 10 continuously.  DO NOT ATTEMPT TO 
MEASURE CURRENTS THAT EXCEED THE METER RATING.  DOING DOING DOING DOING 
SO WILL, AT THE VERY LEAST, BLOW AN EXPENSIVE FUSE SO WILL, AT THE VERY LEAST, BLOW AN EXPENSIVE FUSE SO WILL, AT THE VERY LEAST, BLOW AN EXPENSIVE FUSE SO WILL, AT THE VERY LEAST, BLOW AN EXPENSIVE FUSE 
INTERNAL TO THE METER.INTERNAL TO THE METER.INTERNAL TO THE METER.INTERNAL TO THE METER.

● When measuring current the meter becomes a very low resistance 

path.  It is therefore extremely important to put the test leads back in 
the proper meter test jacks before making any further measurements 
such as volt.  The meter becomes a short circuit if left in the current 
measurement input jack!

Done improperly the meter could be damaged!



Setting up the DMM to measure current.

•Determine the amperage rating of the DMM.  There is 
generally 2 dedicated current input jacks.  Each jack will have a 
specific maximum rating.  Some less expensive meters will 
have only one current input jack.  DO NOT ATTEMPT TO 
MEASURE CIRCUIT CURRENT THAT WILL EXCEED THE 
DMM RATING.  IF IN DOUBT DON'T MAKE THE 
MEASUREMENT.

•Some meters will only measure Direct Current (DC). Do not use 
these meters to measure Alternating Current (AC)

•Place the red test lead into the highest of the current input 
jacks.

•Place the DMM setting dial that corresponds to the highest 
setting and test jack. Some meters require that a DMM button 
be pushed to switch toggle between AC and DC.

EXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMM



Setting up the DMM to measure current.

EXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMM

This upper jack has a 10 amp DC rating.

This jack volt-ohm jack is also 
used to measure currents 
limited to 200 ma (0.2 amps)

Settings for DC current 
measurements.  10A setting 
corresponds to the 10A jack 
only.  All other ranges are 
associated with 200 ma jack.



Setting up the DMM to measure current.

EXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMM

Use this jack for currents 
greater than 0.4 amps and 
less than 10 amps.  This 
values are based on the jack 
rating. Setting dial to “ma A”

Push this button to toggle 
between DC and AC 
current measurements.  
Display will indicate AC or 
DC

This jack is used to measure currents of less This jack is used to measure currents of less This jack is used to measure currents of less This jack is used to measure currents of less 
than 0.4 amps or 400 ma.  This jack is rated to than 0.4 amps or 400 ma.  This jack is rated to than 0.4 amps or 400 ma.  This jack is rated to than 0.4 amps or 400 ma.  This jack is rated to 
be used with either the “ma A” jack or uA jack.  be used with either the “ma A” jack or uA jack.  be used with either the “ma A” jack or uA jack.  be used with either the “ma A” jack or uA jack.  
Recommended to start at the higher “ma A” Recommended to start at the higher “ma A” Recommended to start at the higher “ma A” Recommended to start at the higher “ma A” 
jack firstjack firstjack firstjack first.

This setting can be used
in either current input jack.

This setting is used only with the maThis setting is used only with the maThis setting is used only with the maThis setting is used only with the ma



Setting up the DMM to measure current.

•First thing is to make sure that our DMM is rated for the current in this 
circuit.  Using what we have measured and ohms law we can calculate the 
approximate current.  

•Knowns:  Battery voltage = 9 volts.  Total of all series resistors as 
measured is 1200 or 1.2KΩ.

•Ohms law states I = E/R or A = V/Ω  therefore A = 9 volts / 1200Ω = .0075 
A or 7.5 ma.

•We know based on the calculated current that we can use any DMM test 
jack rated for 7.5 ma.

EXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMM



Setting up the DMM to measure current.

•Place the red test lead in the VΩma test jack.  The black probe remains in 
the COM jack.
•Place the meter dial to 200m DCA to start.  This can be switched to 20m 
DCA for better accuracy since the expected 7.5ma current is still within the 
20m DCA range.

EXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMM

Red test lead

Black test lead

Set dial to 200m DCA



Setting up the DMM to measure current.

•Place the red test lead in the mauA test jack.  The black probe remains in the COM jack.

•Place the meter dial to “ma A”.  

•Push the yellow button until the upper right section of the digital display indicates “DC”.

EXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMM

Black test lead
Red test lead

Push to 
cycle 
between DC 
current and 
AC current.



EXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMMEXERCISE 3:  MEASURING DC CURRENT WITH A DMM

With the meter now set to measure DC AMPS reference the diagram.

•Normally and for safety the source of power would be disconnected and 
isolated.  This circuit being of low power capacity can safely be handled 
without any consequences.

•Insert the configured DMM between the two open switch wires. The DMM 
now becomes part of the circuit and the current flows through the meter as if 
it was a conductor.

•Measure and record the current reading.  Observe any polarity mark (+ or -
).

•Now reverse the leads and again record the reading with the indicated 
polarity mark.

•Remove the meter form the test circuit and return the red lead to the V-ohm 
jack.



Caution
Working around any kind of voltage can be dangerous. A 12 volt car battery is not 

likely to cause any kind of painful shock but do to the high energy capacity (as 
compared to say a 12 volt lantern battery) can produce very hot arcs or even 

explode.

Measuring the current must be done on a live circuit.  This type of measurement 
should be done as a last resort and then only by a well trained qualified person.  
Current measurements done incorrectly can be hazardous to the circuit under 
test, the measuring meter, and to the person performing the tests.  There are 

other non-contact (but less accurate) means of measuring current called clamp-
on ammeters.  These device have limitation and were not discussed in this class.

ALWAYS THINK FIRST AND MEASURE SECOND.ALWAYS THINK FIRST AND MEASURE SECOND.ALWAYS THINK FIRST AND MEASURE SECOND.ALWAYS THINK FIRST AND MEASURE SECOND.

ALWAYS BE SAFE.ALWAYS BE SAFE.ALWAYS BE SAFE.ALWAYS BE SAFE.



THE END


