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The exam is worth 75 points. Do S problems. Pamal credit is given if 1 can follow your
reasoning. Units are required. [Your score will be scaled to 100 points]

1. [15 points] [FromWebassign]
The parallel plate capacitor shown has an area of
10cm” and the plates are separated by Smm.

| .
(A) What is the electric field hetween the plates? (a 0V —— s T

number)
Voltage across capacitor plates (fully charged) S -
V = Supply = 20V o2 i

Spearation between plates, d - 5mm, need to convert to m
(as metres is the proper Sl unit of length)

d = 0.005 m, Electric field between plates E = V/d = 20/0.005 = 4000 V/m
(B) What is the surface charge density on the plates? (a number)

Here we can use the result derived from Gauss to say that the electric field between
the plates is equal to the ratio of the charge density and the permittivity of the dielctric
between the plates (epsilond as we assume air dielectric between the plates)

ie E - Sigma/Epsilon0  We are trying to find the charge density Sigma so we
rearrange in terms of Sigma

Sigm 4000 x 8.854 x 10-1

E*Epsilonl 35.4 nC/m2




[image: image2.png](C) An cxternal force then separates the distance between the plates to 10mm. How much
energy was used by the external force to accomplish this?

Capacitance C - Epsilon0*Area of plates/distance separating plates
Capacitance before C1 - Epsilon0 *A/d

Capacitance after (d extended from 5mm to 10 mm so put d = 2d into equation) C2 - Epsilon0*A/2d
Energy stored in a capacitor - 1/2°CV"2

Energy stored before change E1 - 0.5°C1*V"2.  Energy stored after change E2 - 0.5*C2*V"2
Energy used - Energy gained and stored in capacitor = E2 - E1 = 0.5°V"2{C2 - C1}

- 0.5*Epsilon0*A*v*2*{1/2d - 1/d} - 0.5 x 8.854 x 10{-12}20 x 0.0001x(20)"2*{1/0.01 - 1/0.005}
Energy used in separating plates - 354 pJ





