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Learning Objectives from the beginning of the chapter in OpenStax College Physics
21.5. Null Measurements
• Explain why a null measurement device is more accurate than a standard voltmeter or ammeter.

* Understand how the value of an EMF can be measured accurately
• Demonstrate how a Wheatstone bridge can be used to accurately calculate the resistance in a circuit.

21.6. DC Circuits Containing Resistors and Capacitors
• Explain the importance of the time constant, τ , and calculate the time constant for a given resistance and capacitance.
• Describe what happens to a graph of the voltage across a capacitor as it charges or discharges.
• Explain how a timing circuit works and list some applications.

21.5 Null Measurements
In a null measurement some quantity is being balanced to produce a zero reading.  Null measurements can give more significant figures to the measurement.  Null measurements have applications beyond electrical circuits.

The Potentiometer
The potentiometer uses a null effect to determine the potential of some unknown battery.  In Figure 21-35, the standard EMF at the top of the diagram creates a current in the top loop.  The value of RX is adjusted until the galvanometer reads zero.  This indicates that the EMF of the unknown battery is equal to the voltage drop across RX .  When the galvanometer reads zero, the standard EMF is not putting any current into the branch that contains the unknown EMF.

V=IR is written for the standard EMF top loop and for the unknown EMF

EMFstandard = I(RStandard) and EMFX = I RX        The value of I is the same for both equations.

Do you agree with the equation for EMFX that is given in the online textbook? (It is correct.)

Q1. Which EMF should be greater?    EMFstandard   or   EMFX  ?

Resistance Measurements and the Wheatstone Bridge
A null measurement can also be done for resistors.

In order to create the null effect in Figure 21-37 what is the desired potential of point b compared to the potential of point d? (The switch is closed.)

RX  = R3 R2 / R1 

 What questions do you have on the derivation of this equation?

21.6 DC Circuits Containing Resistors and Capacitors
There are several applications that use a resistor in series with a capacitor.   When this combination is connected to a battery the resistor limits the rate at which the capacitor is charged (because R limits the current). Some examples are: the flash circuit for a camera, frequency generators, crude clocks.

Figure 21.38 shows a RC circuit.  

Q2. If the capacitor Q = 0 what is the potential difference across the plates of the capacitor?

At time = 0 the RC arrangement is connected to the battery.  

Q5. Why does the potential across the capacitor not increase as fast as time advances?

V = V0(1 − e−t / RC)                  “time constant” τ = RC   units of seconds for Ohms * Farads 

V0  is the EMF of the battery

In the equation above what is the result if t = 0 seconds?

In the equation above what is the result if t = infinity?
Discharging a Capacitor
Suppose you have a charged capacitor that is connected to a resistor (no battery).  The electrons on the negative plate of the capacitor will move through R towards the positive plate.  The capacitor will discharge.   When Q = 0 the capacitor is fully discharged.

V = V0 e−t / RC
In the equation above what is the result if t = 0 seconds?

In the equation above what is the result if t = infinity?

Q3.   What will cause the capacitor to discharge more slowly?

RC Circuits for Timing
You should understand how the RC circuit can be used for timing.

ANSWERS   ……………………..

Q1.   EMFstandard  should be larger.  If EMFstandard  is smaller a null result cannot be obtained.   A portion of EMFstandard is the potential difference across RX . 

 Q2.   Q= CV   so V must be zero.

Q3.   As charge builds up on the capacitor a potential difference builds up on the capacitor.  Electrons move in response to potential difference.  The + plate of the capacitor is approaching the +V of the battery so there is less motivation for the electrons to move in the wire.

Q4.  A larger R will limit the current and slow down the discharge compared to when a small R is used.
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