meters). A digital meter with such high resistance will draw off very little current
when connected across a circuit element of even 1-M{) resistance.

The precision of digital meters is exceptional, often one part in 10* (= 0.01%)
or better. This precision is not the same as accuracy, however. A precise meter of
internal resistance 10° (2 will not give accurate results if used to measure a voltage
across a 10°-0) resistor—in which case it is necessary to do a calculation like that in
Example 19-15.

A major aspect of this Section has been to show that whenever we make a
measurement on a circuit, to some degree we affect that circuit (recall
Example 19-15). This lesson is true for other types of measurement as well:
whenever we make a measurement on a system, we generally affect that system
in some way. On a temperature measurement, for example, the thermometer
has a specific heat and can exchange heat with the system, thus altering its
temperature (usually just slightly). Tt can be important to be able to make any

needed corrections, as we saw how to do in Example 19-15.

B Summary

A device that transforms another type of energy into elec-
trical energy is called a source of emf. A battery behaves
like a source of emf in series with an internal resistance.
The emf is the potential difference determined by the
chemical reactions in the battery and equals the terminal
voltage when no current is drawn. When a current is drawn,
the voltage at the battery’s terminals is less than its emf by
an amount equal to the potential decrease [r across the
internal resistance.

When resistances are connected in series (end to end in a
single linear path). the equivalent resistance is the sum of the
individual resistances:

Reg= Ry + Ry + - (19-3)
In a series combination. Ry is greater than any component
resistance.

When resistors are connected in parallel. the reciprocal
of the equivalent resistance equals the sum of the reciprocals
of the individual resistances:

(19-4)

In a parallel connection, the net resistance is less than any of
the individual resistances.

Kirchhoff's rules are helpful in determining the currents
and voltages in circuits. Kirchhofl's junction rule is based on
conservation of electric charge and states that the sum of all
currents entering any junction equals the sum of all currents
leaving that junction. The second, or loop rule, is based on
conservation of energyv and states that the algebraic sum of
the changes in potential around any closed path of the circuit
must be zero,

. Questions

When capacitors are connected in parallel, the equivalent

capacitance is the sum of the individual capacitances:
Ceq=C1+Cp + . (19-5)

When capacitors are connected in series, the reciprocal of
the equivalent capacitance equals the sum of the reciprocals
of the individual capacitances:
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If an RC circuit containing a resistance R in series with a
capacitance C is connected to a dc source of emf, the voltage
across the capacitor rises gradually in time characterized by
the time constant

r = RC. (19-7)
This is the time it takes for the voltage to reach 639 of its
maximum value. A capacitor discharging through a resistor is
characterized by the same time constant: in a time 7 = RC,
the voltage across the capacitor drops to 377 of its initial value.

Electric shocks are caused by current passing through the
body. To avoid shocks, the body must not become part of a
complete circuit by allowing different parts of the body to
touch objects at different potentials. Commonly. shocks are
caused by one part of the body touching ground and another
part touching a high electric potential.

[*An ammeter measures current. An analog ammeter
consists of a galvanometer and a parallel shunt resistor that
carries most of the current. An analog voltmeter consists of a
salvanometer and a series resistor. An ammeter is inserted
into the circuit whose current is to be measured. A voltmeter
is external. being connected in parallel to the element whose
voltage is to be measured. Digital meters have greater
internal resistance and affect the circuit 1o be measured less
than do analog meters. |

(19-6)

1. Explain why birds can sit on power lines safely, whereas
leaning a metal ladder up against a power line to fetch a
stuck kite is extremely dangerous.

2. Discuss the advantages and disadvantages of Christmas tree
lights connected in parallel versus those connected in series.

3. If all you have is a 120-V line, would it be possible to light
several 6-V lamps without burning them out? How?

4. Two lightbulbs of resistance Ry and Ry (R, > R)) are
connected in series. Which is brighter? What if they are
connected in parallel? Explain.

Questions 545



