Problem 4.54 An electron with chargeQe = —1.6 x 10°1° C and mass
me = 9.1 x 10~3 kg is injected at a point adjacent to the negatively charged plate in
the region between the plates of an air-filled parallel-plate capacitor withmagepa
of 1 cm and rectangular plates each 1Fémarea (Fig. P4.54). If the voltage across
the capacitor is 10V, find the following:

(a) The force acting on the electron.

(b) The acceleration of the electron.

(c) The time it takes the electron to reach the positively charged plate, assuming

that it starts from rest.
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Figure P4.54: Electron between charged plates of
Problem 4.54.

Solution:

(a) The electric force acting on a char@g is given by Eq. (4.14) and the electric
field in a capacitor is given by Eq. (4.112). Combining these two relationsave
19 10 —16

0oL- —-16x10 (N).
The force is directed from the negatively charged plate towards theyabgitharged
plate.

(b)

Vv
F = QeE = Qe = ~16x10°

F 16x1016

(c) The electron does not get fast enough at the end of its short tripl&tivity to
manifest itself; classical mechanics is adequate to find the transit time. Frssicela
mechanicsg = dg+ ugt + %atz, where in the present case the start positiafyis 0,
the total distance traveledds= 1 cm, the initial velocityup = 0, and the acceleration
is given by part (b). Solving for the tinte

2d 2x0.01 o
t=\/7 =\ 176, 1ga = 107x10°s=107 (ns)






