It is current that harms, but it is voltage that drives the current. 30 volts is
sometimes said to be the threshhold for danger. But even a 12-V car battery
(which can supply large currents) can cause nasty burns and shock.

Another danger is leakage current, by which we mean a current along an unin-  Leakage current
tended path. Leakage currents are often “capacitively coupled.” For example, a
wire in a lamp forms a capacitor with the metal case; charges moving in one
conductor attract or repel charge in the other, so there is a current. Typical elec-
trical codes limit leakage currents to 1 mA for any device. A [-mA leakage current
is usually harmless. It can be very dangerous, however, to a hospital patient with
implanted electrodes connected to ground through the apparatus. This is due to
the absence of the protective skin layer and because the current can pass directly
through the heart as compared to the usual situation where the current enters at
the hands and spreads out through the body. Although 100 mA may be needed to
cause heart fibrillation when entering through the hands (very little of it actually
passes through the heart), as little as 0.02 mA has been known to cause fibrillation
when passing directly to the heart. Thus, a “wired” patient is in considerable
danger from leakage current even from as simple an act as touching a lamp.

Finally, don’t touch a downed power line (lethal!) or even get near it. A hot
power line is at thousands of volts, A huge current can flow along the ground or
pavement, from where the high-voltage wire touches it over to the grounding point
of the neutral line, enough that the voltage between your two legs could be large.
Tip: stand on one foot or run (only one foot touches the ground at a time),

¥ m Ammeters and Voltmeters

An ammeter is used to measure current, and a voltmeter measures potential differ- JPHYSICS APPLIED

ence or voltage. Measurements of current and voltage are made with meters that DC meters
are of two types: (1) analog meters, which display numerical values by the position

of a pointer that can move across a scale (Fig. 19-29a); and (2) digital meters,

which display the numerical value in numbers (Fig. 19-29b). We now discuss the

meters themselves and how they work, then how they are connected to circuits to

make measurements. Finally we will discuss how using meters affects the circuit

being measured, possibly causing erroneous results—and what to do about it.

FIGURE 19-29 (a) An analog
multimeter being used as a volt-
meter. (b) An electronic digital
meter.
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* Analog Ammeters and Voltmeters
The crucial part of an analog ammeter or voltmeter, in which the reading is by a
pointer on a scale (Fig. 19-29a), is a galvanometer. The galvanometer works on
the principle of the force between a magnetic field and a current-carrying coil of
wire, and will be discussed in Chapter 20. For now, we merely need to know that
the deflection of the needle of a galvanomeler is proportional to the current

*SECTION 19-8 Ammeters and Voltmeters 541



