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642  CHAPTER 18  Electric Current and Circuits

    Electric Current in Liquids and Gases 

 Electric currents can exist in liquids and gases as well as in solid conductors. In an ionic 
solution, both positive and negative charges contribute to the current by moving in 
opposite directions ( Fig. 18.2 ). The electric field is to the right, away from the positive 
electrode and toward the negative electrode. In response, positive ions move in the 
direction of the electric field (to the right) and negative ions move in the opposite direc-
tion (to the left).   Since positive and negative charges are moving in opposite directions, 
they both contribute to current in the    same  direction. Thus, we can find the magnitudes 
of the currents separately due to the motion of the negative charges and the positive 
charges and  add  them to find the total current. The direction of the current in  Fig. 18.2  
is to the right. If positive and negative charges were moving in the  same  direction, they 

which positive charge is effectively being transported—is 
to the left.

Discussion To find the magnitude of the current, we use 
the magnitude of the charge on the electron. We do
treat current as a signed quantity when analyzing cir-

cuits. We arbitrarily choose a direction for current when the 
actual direction is not known. If the calculations result in a 
negative current, the negative sign reveals that the actual 
direction of the current is opposite the chosen direction. The 
negative sign merely means the current flows in the direc-
tion opposite to the one we assumed.

In this problem, the cross-sectional area of the wire was 
extraneous information. To find the current, we need only 
the quantity of charge and the time for the charge to pass.

Practice Problem 18.1 Current in a Calculator

(a) If 0.320 mA of current flow through a calculator, how 
many electrons pass through per second? (b) How long does 
it take for 1.0 C of charge to pass through the calculator?

Example 18.1

Current in a Clock

Two wires of cross-sectional area 1.6 mm2 connect the ter-
minals of a battery to the circuitry in a clock. During a time 
interval of 0.040 s, 5.0 × 1014 electrons move to the right 
through a cross section of one of the wires. (Actually, elec-
trons pass through the cross section in both directions; the 
number that cross to the right is 5.0 × 1014 more than the 
number that cross to the left.) What is the magnitude and 
direction of the current in the wire?

Strategy Current is the rate of flow of charge. We are 
given the number N of electrons; multiplying by the elemen-
tary charge e gives the magnitude of moving charge Δq.

Solution The magnitude of the charge of 5.0 × 1014

electrons is

Δq = Ne = 5.0 ×  10 14  × 1.60 ×  10 −19  C = 8.0 ×  10 −5  C

The magnitude of the current is therefore,

I =   
Δq

 ___ Δt
   =   8.0 ×  10 −5  C ___________ 

0.040 s
   = 0.0020 A = 2.0 mA

Negatively charged electrons moving to the right means 
that the direction of conventional current—the direction in 

Figure 18.2 A current in a 
solution of potassium chloride 
consists of positive ions (K+) and 
negative ions (Cl−) moving in 
opposite directions. The direc-
tion of the current is the direction 
in which the positive ions move.
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