
 28 Direct-Current Circuits
28.1 Electromotive Force
28.2 Resistors in Series and Parallel
28.3 Kirchhoff’s Rules
28.4 RC Circuits
28.5 Household Wiring and Electrical Safety
2. Steady-state direct current circuits with batteries and resistors only 
a) Students should understand the behavior of series and parallel combinations of resistors, so they can: 
! (1) Identify on a circuit diagram whether resistors are in series or in parallel. 
! (2) Determine the ratio of the voltages across resistors connected in series or the ratio of the currents through 
! ! resistors connected in parallel. 
! (3) Calculate the equivalent resistance of a network of resistors that can be broken down into series and parallel 
! ! combinations.  
! (4) Calculate the voltage, current and power dissipation for any resistor in such a network of resistors connected 
! ! to a single power supply.  
! (5) Design a simple series-parallel circuit that produces a given current through and potential difference across 
! ! one specified component, and draw a diagram for the circuit using conventional symbols. 
b) Students should understand the properties of ideal and real batteries, so they can: 
! (1) Calculate the terminal voltage of a battery of specified emf and internal resistance from which a known current 
! ! is flowing.  
! (2) Calculate the rate at which a battery is supplying energy to a circuit or is being charged up by a circuit.  
c) Students should be able to apply Ohm’s law and Kirchhoff’s rules to direct-current circuits, in order to: 
! (1) Determine a single unknown current, voltage or resistance.  
! (2) Set up and solve simultaneous equations to determine two unknown currents.  
d) Students should understand the properties of voltmeters and ammeters, so they can: 
! (1) State whether the resistance of each is high or low.  
! (2) Identify or show correct methods of connecting meters into circuits in order to measure voltage or current.  
! (3) Assess qualitatively the effect of finite meter resistance on a circuit into which these meters are connected.  
3. Capacitors in circuits 
a) Students should understand the t = 0 and steady-state behavior of capacitors connected in series or in parallel, so they 
can: 
! (1) Calculate the equivalent capacitance of a series or parallel combination.  
! (2) Describe how stored charge is divided between capacitors connected in parallel.  
! (3) Determine the ratio of voltages for capacitors connected in series.  
! (4) Calculate the voltage or stored charge, under steady-state conditions, for a capacitor connected to a circuit 
! ! consisting of a battery and resistors.  
b) Students should understand the discharging or charging of a capacitor through a resistor, so they can: 
! (1) Calculate and interpret the time constant of the circuit.  
! (2) Sketch or identify graphs of stored charge or voltage for the capacitor, or of current or voltage for the resistor, 
! ! and indicate on the graph the significance of the time constant. 
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! (3) Write expressions to describe the time dependence of the stored charge or voltage for the capacitor, or of the 
! ! current or voltage for the resistor. 
! (4) Analyze the behavior of circuits containing several capacitors and resistors, including analyzing or sketching 
! ! graphs that correctly indicate how voltages and currents vary with time. 
 Circuits 94:08
  * Series combination of resistors: The equivalent resistance is RT = R1 + R2 + …
  * Parallel combination of resistors: If R1, R2, … are connected in parallel, the equivalent resistance R is such that 

  1/RT = 1/R1 + 1/R2 + …
  * RC circuit: Connect a battery with emf E, a resistor with resistance R, and a capacitor with capacitance C, and a switch. 

When the switch is open, no charge flows and the capacitor remains uncharged. If the switch is closed at time t = 0, the 
capacitor begins charging. The charge on the capacitor, as a function of time t, is given by  

  Q = CE [1 – 𝓮(-t / RC)]. The product RC has the units of time and is called the time constant of the RC circuit.

 Kirchhoff’s Law 102:02
  * First rule: If you go around a circuit loop the potential drop is zero.
  * Second rule: At a node, the total current entering the node is equal to the total current leaving the node.
http://ocw.weber.edu/automotive-technology/ausv-1320-automotive-electronics/3-basic-circuit-theory/kirchoffs-laws
RC Circuits 80:35
  * During the charging of a capacitor, the current in the RC circuit is given by  I( t ) = (V/R)𝓮( -t / T)

where V is the battery emf, R is the resistance, and T = RC is called the RC circuit time constant. On the other hand, the 

charge on the capacitor varies with time according to   Q ( t ) = CV [1 – 𝓮( -t / T)]
  * When a capacitor discharges through a resistance R, the charge on the capacitor decreases with time according to 

  Q ( t ) = Qo𝓮( -t / T)  

! ! ! ! ! ! ! ! !  
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