TAP 129- 2: One step at a time
Use a spreadsheet to examine the discharge of a capacitor over a succession of small time intervals.
Introduction

A simple model of capacitor discharge needs to follow a loop of operations to carry out the following steps:

Set the initial values for R, C, and V. Decide on the interval of time you are going to use, t, and input that. Label your columns.

Calculate an initial charge Q stored on the capacitor using Q = CV
Find the initial current, I, in the circuit using I = V / R where again R needs to be set initially.

Work out the small change in charge Q that has occurred in a small time interval t (which the computer will need to be told) due to the current in the circuit. The equation is

Q = −I × t and the negative sign implies that discharge is taking place, as opposed to charging.
Calculate the new charge Q ready for the next cycle of the loop using Q = Q + Q
Calculate a new value for V using V = Q / C
Calculate elapsed time, t, ready for the next loop using t = t + t
(NB. The spreadsheet must be programmed to set t = 0 initially.)

Return to step 2 and repeat steps 2 to 8.

Using the spreadsheet

For your first try at this spreadsheet, try the following set-up:

series resistance R = 100 000 

capacitance C = 0.000 05 F

supply voltage V = 10 V

time interval t = 0.5 s

initial charge from Q = CV = 0.0005 C

	Time t/s
	Charge Q/C
	Current IA


	Change in charge

Q/C
	Voltage V/V



	0.0
	0.000 500
	0.000 100
	−0.000 050 00
	10.00

	etc.
	
	
	
	


Try using the spreadsheet to do the following:

Generate a graph of how voltage V across the capacitor varies with time.

By changing the initial values of R and C, observe how the rate of decay varies. Does it fit the equation for exponential decay, V = Voe−t/RC?
Compare the discharge with the calculated value of time constant (RC). Show by rearranging the equation above that V = Vo/e when t = RC. Then confirm this from your spreadsheet.
Further work

The formula for capacitor charging is V = Vo (1 − e−t/RC) = Vo − Voe-t/RC
Adapt your spreadsheet to model a charging capacitor by just adding an extra column based on the formula above. Try this for at least one of your original RC combinations. You may wish to display only the time and final voltage columns this time.

Practical advice

This spreadsheet activity has several purposes. One is to help students to think about what is actually happening when a capacitor discharges. Another is to reinforce the use of Q = CV. Another is to give students some experience of iterative numerical modelling. For capacitor discharge, we can derive analytical expressions for the way the variable of interest changes with time, but in other situations an analytical approach is not always easy or even possible, so tracing a change over a series of small time steps is sometimes the only sensible way to predict what will happen.

Students may need help in setting up the spreadsheet.

External references

This activity is taken from Salters Horners Advanced Physics, A2, Section Transport on Track, TRA, Activity 23

