
5.2 DC Circuits and Meters



▪An electric circuit is a set of conductors (like wires) and 
components (like resistors, lights, etc.) connected to an electrical 
voltage source (like a cell or a battery) in such a way that current 
can flow in complete loops.

▪Here are two circuits consisting of cells, resistors, and wires.

▪Note current flowing from (+) to (-) in each circuit.

single-loop 
circuit

triple-loop circuit

Electric circuits



▪A complete circuit will always  contain a cell or a battery.

▪The schematic diagram of a cell is this:

▪A battery is just a group  of cells 
  connected in series:

▪If each cell is 1.5 V, then the battery above is 3(1.5) = 4.5 V.         
What is the voltage of your calculator battery?

▪The schematic of a fixed-value resistor :

this is really a 
cell…

this is a 
battery…
this is the same 
battery…

Circuits diagrams



Schematic diagrams of each of the following circuits: 
Drawing and interpreting circuit diagrams 



Electromotive force: emf or  ε  

The voltage generated by a cell/battery has a special 
name. It is energy per unit charge and  is measured in 
volts, not newtons, and thus, is not actually a force.

▪ Electromotive force, (ε)  is the power supplied to the circuit per unit current

         P = I V   ⟹ V = P/ I 

▪ Power supplied by the source will be dissipated in the circuit: 

▪ Electromotive force (ε) is the energy per unit charge made
  available by an electrical source.

Although, do not be surprised if we still write V instead of ε  for cell voltage.

 ε  = U/q 

In short, emf is voltage generated by cell



•  Burning out of one of the lamp filaments or simply 
   opening the switch could cause such a break.

Resistors in Series
 •  connected in such a way that all components
     have the same current through them.                               

logic: the total or effective resistance would have length  L
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          and resistance is proportional to the length

 

the one that could replace all resistors 
resulting in the same current

        R = R
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3 
   

equivalent resistance in series



Resistors in Parallel
•  Electric devices connected in parallel are connected to the 
same two points of an electric circuit, so all components have 
the same potential difference across them.

•  A break in any one path does not interrupt the flow of charge in the other 
paths. Each device operates independently of the other devices. The greater 
resistance, the smaller current.

equivalent resistance is 
smaller than the 
smallest resistance.

•  The current flowing into the point of splitting is equal to the sum of the 
currents flowing out at that point:

the one that could replace all resistors 
resulting in the same current
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equivalent resistance in parallel





RESISTORS IN COMPOUND CIRCUITS

Now you can calculate current, potential 
drop/potential difference/voltage and power 

dissipated through each resistor



In the mid-nineteenth century, G.R. Kirchoff 
(1824-1887) stated two simple rules using the 
laws of conservation of energy and charge to 
help in the analysis of direct current circuits. 

These rules are called Kirchoff’s rules.



‘The sum of the currents flowing into a point in a circuit 
equals the sum of the currents flowing out at that point’.

1. Junction rule – conservation of charge. 
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2. loop rule – conservation of energy. 
   ‘In a closed loop, the sum of the emfs equals the 

sum of the potential differences’.

 

energy: qε = qV
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Energy supplied by cell equals the 
energy released in this closed path
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Resistors in series
Three resistors  of 330 Ω each are  connected to a 6.0 V battery in series

What is the voltage and current on each resistor?

▪ In series the V’s are different if the R’s are different.

▪ R = R
1
 + R

2
 + R
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           R = 330 + 330 + 330 = 990 Ω

▪ I = V / R = 6 / 990 = 0.0061 A

▪ The current I = 0.0061 A is the same in each resistor.

▪ voltage/potential difference across each resistor:
   V = I R

1
 = I R

2
 = I R

3
 = (0.0061)(330) 

      = 2.0 V 



Resistors in series and parallel

What is the voltage and current on each resistor?

▪ In parallel the I’s are different if the R’s are different.

▪ 1/R = 1/R1 + 1/R2 + 1/R3         1/R = 1/330 + 1/330 + 1/330 = 
0.00909

▪  The voltage on each resistor is 6.0 V, since the resistors are 
in 
     parallel. (Each resistor is clearly directly connected to the 
battery).
▪ I1 = V1 / R1 = 
0.018 A▪ I2 = V2 / R2 = 6 / 330 = 0.018 A

Three resistors  of  330 Ω each are connected to a 6.0 V cell in 
parallel.

R = 110 
Ω

▪ I3 = V3 / R3 = 6 / 330 = 0.018 A

 

 



In practical use, we need to be able to measure currents through 
components and voltages across various components in electrical 
circuits. To do this, we use AMMETERS and VOLTMETERS. 

Ammeters and voltmeters



To measure the potential difference across resistor, we use a VOLTMETER.

 



▪Be sure to position the voltmeter across 
the desired resistor in parallel.

1.06

Circuit diagrams  - voltmeters are connected in parallel

Draw a schematic diagram for this circuit



EXAMPLE:

A battery’s voltage is measured  as shown.

(a) What is the uncertainty in  it’s measurement? 

SOLUTION:

▪For digital devices always use  the place value of the 
least  significant digit as your raw uncertainty.

▪For this voltmeter the voltage is measured                       
to the tenths place so we give the raw                   
uncertainty a value of ∆V = ±0.1 V.

Circuit diagrams  - voltmeters are connected in parallel
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(b) What is the fractional error in this 
measurement? 

SOLUTION:  Fractional error is  just ΔV / V. For this 
particular  measurement :

∙ΔV / V = 0.1 / 9.4 = 0.011 (or 1.1%).

▪When using a voltmeter the red lead is placed at the point of highest potential. 



▪Consider the simple circuit of battery, lamp, and wire.
▪To measure the voltage in the  circuit we merely connect the 

  voltmeter while the circuit is in operation.

01.600.0

celllamp
voltmeter
in parallel

Circuit diagrams  - voltmeters are connected in parallel



To measure the current, we use an AMMETER. 

 



00.200.0

celllamp

ammeter
in series

Circuit diagrams  - ammeters are connected in series
▪To measure the current of the circuit we must break the circuit
  and insert the ammeter so that it intercepts all of the electrons
  that normally  travel through  the circuit.                                    



▪Be sure to position the ammeter 
 between the desired resistors in series.

.003

the circuit must be 
temporarily 

broken to insert 
the ammeter

Circuit diagrams  - ammeters are connected in series
PRACTICE: Draw a schematic diagram for this circuit:

SOLUTION:


