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PROBLEMS FOR EXPERIMENT ES: ESTIMATING A SECOND
Solutions

Problem 1: Use your calculator or your favorite software program to compute the
mean and standard deviation of the DMM readings corresponding to your estimate of
one second.

Make a histogram of your data as follows. On a sheet of graph paper, draw a
line along the long side about 1 inch from the bottom. Label every fifth space, starting
at the left so as to accommodate the range of DMM readings you have made, say, from
40 to 100. Make an X in each space corresponding to each of your 36 values of DMM
reading rounded off to the nearest integer. Count the number of Xs in each interval of 5
(eg. 45 through 49) and represent that number by a horizontal line above that interval.
Connect the ends of these lines with vertical lines. You now have a bar graph
(histogram) of your data.

Solution: | made 36 measurements which are shown in figure 1 (all figures are at the
end of the document). | used an Excel speadsheet to calculate the mean

i=36

V_ox==8x=7374.
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Now the variance is defined to be

expanding the squared term we have
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The first term in the above expression is just the average value of the square of the
measured data point,



The second term is

The third term,

So the variance becomes

| used an Excel spreadsheet to calculate the mean of the square of the measured value

and found .
(x7) =5488.39.

Thus the square root of the variance is

s, =4(x)- X% =4/(5488.39) - (73.74)° =7.23,

The standard deviation is defined to be

s:-‘/lsx :‘/§67.23:7.33.
N-1 35

| included a plot of the distribution of my data with lines indicating the mean and the
standard deviation on both sides of the mean in figure 2. In figure 3, | show the

histogram of the data with bin sizes equal to two.



trial . x=voltage (mYx squared
1 64.9 4212.01
2 64.6]  4173.16
3 77.1 5944.41
4 76.4 5836.96
5 85.1! 7242.01
6 75.8] 5745.64
7! 79.3 5288.49
8| 83.7 7005.69
gl o 73.8]0 7 5416.98]
10 78.7 6193.69
11 __70.2! 4928.04
12 71.1! 5055.21
13 81.2 6593.44
14] 59.8) 3576.04]
15 72.3 5227.29
16! 57! 3249
A7 925 8556.25
18 72.6! 5270.76
19 70.2]  4928.04
20 69 4761
21] 72.5 5256.25
22, 74.8 5595.04
23 72.8.  52909.84
24 72 5184
25 69.1] 4774.81
26 80: 6400
27 81.3]  B609.69
28.. . ... 16.2i . ...5806,44]
291 63.4 4019.56
30] 79.5 6320.25
31i 64 4096
32 76.3 5821.69
33 72.3 5227.29
34 70.6 4984.36
35 78.2 6115.24
36 76.6 5867.56
|
mean ’ 78.74)  5488.392)
std deviation 7.21
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Problem 2: Inthe charging circuit in Experiment ES (see DETERMINING THE TIME
CONSTANT, RC in Experiment ES), the rate of change of voltage across the capacitor is
described by the differential equation

cap

at @wl )

a) Show that the function

Voo (£)= Ve t- € )

solves this equation by explicitly calculating the derivative dvcap/ at.

b) Make a graph of the voltage across the capacitor Vcap(t) with respect to time using the values

V.

cell

Whent =t , what is the value of the voltage across the capacitorvcap(t )’?

=16V, R=20MW, and C=10°F. Mark on your graph the point where t =t © RC.

c) Briefly describe qudlitatively how your DMM values change as you close the switch during the
charging process. Did you notice any abrupt changes? If you did can you explain why? For the

first two seconds of the charging process approximately what shape is the graph of Vcap(t) with

respect to time?
Solution:

Part a) | begin by explicitly computing the derivative of the function

Voo (1) = Ve t- € )

that appears on the left hand side of the differential equation

N, 1
TE:RC@ Vea):

We need two facts:
1) The derivative of a constant is zero and

2) the derivative of the exponential is

&cdl tIRC)_ B R_CV(E"



Thus the derivative that appears on the Left hand side (LHS) of the differential
equation can be calculated and we find

dv,, d
LHs= 2o = 6 (1. gVrey)= Yot
dt dt cell( ))

We substitute our result for Vcap(t) into the right hand side (RHS) of the differential
equation yielding

RHS_ (Cell (VoeH(L et/RC))— — tIRC

Comparing the two sides we see agreement so we conclude that our function for the
voltage across the capacitor does solve the differential equation.

Part b) In figure 4, | plotted V. (t Ce”(1 g /re ) by explicitly calculating the value for

time increments of 0.5 s. The data for the graph is shown in figure 5. In particular the
time constant is

t =RC= (20 MW)(10°F )=20s
The value of the voltage across the capacitance att =20 s is

Voot =208) =V, - €*)=1.01.

Part ¢) At 200 mV my digital multimeter generated a beeping sound, re-zeroed and
then switched to readings in volts. | noticed that the charging process also slowed
down considerably. This happens because above 200 mV the DMM switches to a new
range which has a different resistance. The value of R is much greater hence the time
constant increases which means that the capacitor takes longer to charge.

This occurs at around 3 s, so for the behavior over the first two seconds my graph in
part b is still a good description of the charging. That graph is nearly linear over the
interval [0., 2 s].

Using our equation for the voltage across the capacitor, we can find the time that it
takes for the capacitor to reach a given voltage. | start with the equation



:\/cdl(l'- e_IIRC) :

Isolate the exponential term with a little algebra, to get

V,_ (t

cap

\/cell

Take the natural logarithm of both sides of the above equation

Y
In(e”RC) Inél J-)O
un 2
The left hand side is

In@E"*)=- ==

So the equation becomes

gy Vel
RC g wll a
Solve this for time
x V_(t (0]
=- RClng e
VceH (%}

From Problem One, the mean value for the voltage across the capacitor is \,, =73.74.
The time this occurs at is

Substitute my values for the quantities and get

& v _{(t
tz-RClng-ﬂ)

0 o74v
Vo o

=-(20s)In %Le = i= 025,

| don’t expect my answer to be exactly 1 s mainly because the values of the resistor and
capacitor are only accurate to about 5%. However my error is 8% while my ratio of
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time v ()
1, . 0.080
2 0.157
3! 0.229
4 0.298
5 0.364
6 0.426
7! 0.486
8 0.542
9 0.596
10, 0.647
11 0.696
12 0.742
4B QU786
14 0.828
15 0.868
16/ 0.906
17/ 0.942
18!  0.978
19i 1.009
20 1.040
21 1.069
22 1.097
23 1.124
24 1.150
25l 1.174
26 1.197
27! 1.219
28! 1.239
29! 1.259
30 1.278
31! 1.296
-
o 33 1.329
34 1.344
35 1.359
36 1.373
37 1.386
38 1.399
39 1.411
40 1.422




