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Introduction

e Fixed separation parallel-plate capacitor

*Gauss's Law 2 ¢ =22 5 Crppqy = C1 + Cp + - =
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e Using olls as dielectrics — oil with air

e Dielectrics stacked side by side act like

separate capacitors in parallel

Apparatus Design

e Parallel plate capacitor (Fig. 1)

e Two 10 cm x 10 cm metal plates

e Approximately 1.0 mm fixed separation, maintained by a nylon

washer in between the plates
e Plates are held by an open acrylic container (12.5 cm

X 2.5cmx12.5cm)

e Acrylic base plate to balance the apparatus
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Procedure Results

Place the plates inside the plastic container so e Trial 1: corn oll as a dielectric

that the two tabs are situated in an upward e Trial 2: mineral oil and air as a dielectric

position. » The two oils have different relative permittivities

Measure the capacitance of the setup without calculated by using the ideal capacitance equation

any oll, 1.e. using only air as a dielectric. . . . . .
Y J Oty e Capacitance Is plotted against the height of the oill

Fill the container with a food grade oil (e.g. corn (blue data points)

oll, mineral oll), using a syringe to slowly place oill
e Second line iIs plotted using calculated permittivities
Into the bottom of the container until the oll
| (red data points), treating the oil and air as two
reaches 2 cm on a ruler parallel to the container.
| | | | | separate capacitors in parallel
Using a multimeter with a capacitance setting,

. e The lines largely overlap - adjacent dielectr |
measure the capacitance across the two plates e lines largely overlap = adjacent dielectrics (o

partially submerged in the oil and air) behave like separate capacitors in parallel

@ Capacitance (pF) 105.1

Using the depth-measuring probe on Vernier

Trendline for Data series 1

@ |deal Capacitance (pF) 99.61

calipers, measure the height of the oil between
the plates as the oil will have risen up the inside
of the plates due to capillary action.

Record the measured capacitance and

corresponding height of the oll inside the plates.

Height of corn oil (mm)

Plot capacitance as a function of height.

Figure 2. Capacitance of corn oll as
a dielectric compared with the ideal
equation using corn oil as a
dielectric in parallel.

Repeat steps 1-6, adding 1 cm of oil until the ol
between the plates reaches the top of the

capacitor.

@ Capacitance (pF)

0.977*+102.252 %2 =0.998

@ |deal Capacitance 1 (pF)

Using a syringe to
place oll into the
acrylic container

Estimating the
height of the oll
between the plates

Height of mineral oil (mm)

Figure 3. Capacitance of mineral oll

\ | .
' = as a dielectric compared with the

_ iIdeal equation using mineral oil as a
dielectric in parallel.

Using a depth-
measuring probe to
measure the height

of the ol

Using a multimeter
to measure the
capacitance

Conclusion

Equipment Is accessible to high school and
undergraduate laboratories

Experiment compared measured values from a
fixed parallel-plate capacitor instrument with
dielectrics adjacent to each other and theoretical
values for capacitors in parallel

Experiments enrich a basic understanding of the
comparison between theoretical versus

experimental capacitance
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