Electric Field Due to a Line Charge

To gain additional experience in calculating electric fields, both analytically and by using
an electronic spreadsheet to find the electric field near a one dimensional charged rod.

Consider the uniformly charged rod shown below. We can find the electric field at the
point P by breaking the rod up in a collection of infinitesimal charges and summing the
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Procedure:

1. Assuming the rod has a total charge Q, find the resultant field at the point P analytically (set
up the integral and do the math!). Verify with your instructor that your solution is correct.

2. Solve the problem by using an electronic spreadsheet. Since the spreadsheet works
with numbers, choose L =2 m, Q =4 uC, and x =3 m. Create some separate cells
that contain this information so that is easy to change these numbers if the need arises.
Also set up a cell for N, the number of differential charge elements in your rod. Put
these cells (with adjacent labels and units) on the left edge of you spreadsheet near the
top where they are easy to refer to (see the attached sample spreadsheet).

3. Create columns for y, 1, sin 6, cos 0, dE,, and dE, with appropriate column headings.
In the first row of each of these columns put in the initial value or formula that
calculates the value needed. Copy these formulas down through 100 rows. For the
initial calculation break the rod into 100 pieces (N = 100).

4. Create two cells for the sum of the values in the dEx and dEy columns. These are of
course the resultant x and y components of the electric field at P. Show the magnitude
and direction of the field in two additional cells. Arrange all of these cells in a
convenient viewing area near the top of your spreadsheet. Print out the first 15 or 20
rows of your spreadsheet for your lab report. Also print out the formulae used in these
same rows of your spreadsheet. To do this select Tools/Options.../View and check
the Formulas box in the Windows Options section of the screen. Also show the
column and row headings (A1,B1, etc.) by choosing that option in File/Print Setup.

5. Using the numbers given in part 2 above, verify that your answer compares favorably
with your analytic solution found in part 1. Use the spreadsheet to find E for
decreasing numbers of dgs. For example, try N = 50, N = 20, etc. Draw conclusions
about when the approximation that your spreadsheet provides starts to deviate
significantly from the exact answer. Make a table in your lab report showing E and N
for at least five different values of N.



Sample Data

Electric Field Due to a Linear Charge Distribution

| |
k=| 8.99E+09 |n-m’/C’ Analytic Values Spreadsheet Values |(N =100) |% diff |Spreadsheet Values (N=1)
L= 2 meters Ex= 3324.503|N/C Ex= 3324.512|N/C 0.00027 Ex= 3411.465|N/C
Q=| 4.00E-06 |Coulombs E, = 1006.579|N/C E, = 1006.5892|N/C 0.00101 E, = 1137.155|N/C
X= 3 meters E= 3473.546 |N/C E= 3473.5575|N/C 0.00033 E= 3596 |N/C
N= 100 dgs q= 16.845041 | degrees q= 16.845159 | degrees 0.0007 q= 18.43495 |degrees
dg=| 4E-08 |Coulombs

y r sinq cos q dEx dEy

1 0.01 3.000017| 0.0033333|0.9999944| 39.95489| 0.133183 Q
2 0.03 3.00015| 0.0099995| 0.99995| 39.949563| 0.399496
3 0.05 3.000417| 0.0166644| 0.9998611| 39.938913| 0.665649
4 0.07 3.000817| 0.023327|0.9997279| 39.922947| 0.931535
5 0.09 3.00135| 0.0299865| 0.9995503| 39.901676| 1.19705 L
6 0.11 3.002016| 0.036642| 0.9993285| 39.875114| 1.462088
7 0.13 3.002815| 0.0432927| 0.9990624 | 39.843278| 1.726542
8 0.15 3.003748| 0.0499376| 0.9987523| 39.806189| 1.990309 dEx
9 0.17 3.004813| 0.0565759| 0.9983983| 39.763873| 2.253286
10 0.19 3.006011| 0.0632067| 0.9980005| 39.716356| 2.515369 d&
11 0.21 3.007341| 0.0698291| 0.997559| 39.663671| 2.776457 E
12 0.23 3.008804| 0.0764423| 0.997074| 39.605851| 3.036449
13 0.25 3.010399| 0.0830455| 0.9965458| 39.542936| 3.295245
14 0.27 3.012125| 0.0896377| 0.9959744| 39.474965| 3.552747
15 0.29 3.013984| 0.0962182| 0.9953603| 39.401983| 3.808858
16 0.31 3.015974| 0.102786| 0.9947035| 39.324037| 4.063484
17 0.33 3.018095| 0.1093405| 0.9940044| 39.241178| 4.31653
18 0.35 3.020348| 0.1158807| 0.9932631| 39.153458| 4.567903
19 0.37 3.022731| 0.1224059| 0.9924801 | 39.060935| 4.817515
20 0.39 3.025244| 0.1289152| 0.9916556 | 38.963665| 5.065276
21 0.41 3.027887| 0.135408| 0.9907899| 38.861712| 5.311101




