














































Name: Jerico Matias Cruz September 29, 2021
PHYS 236 –Fall 2021 Prof. Schmitz

The purpose of this exercise is to review the rules of vector addition and explore the force between point 
charges.

1) Download this Word Document to your computer.  Rename this file to 
You will edit this document.  Feel free to add lines and adjust the spacing as needed.  Add your name to the top 
of this page. (DONE)

2) Consider a system of three, point charges as follows

On a separate sheet of paper, find the x and y components of the net force on charge q1.  You should sketch the 
system and indicate the direction of the force from q2 on q1 and the force from q3 on q1.  (DONE)

Mathematical Proofing of Newton's Second Law & Newton's Third Law: Net Force & Electrostatic Force

(1)Newton's Second Law
Suppose Newton's Second Law = Force = mass x acceleration = m x a = m x (dv/dt), given v = velocity, t = 
time. If (dv/dt) = 0, then F = m x 0 = 0, when derivative of velocity is zero. Let F1 = m1 x a1 = m1 x (dv1/dt1); F2 =
m2 x a2 = m2 x (dv2/dt2). 

So, Ʃ Fnet = F1 + F2 = [m1 x (dv1 /dt1 )] + [m2 x (dv2 /dt2)]. 

Therefore, Ʃ Fnet = F1 + F2.

(2) Finding Net Force Using Newton's Second Law

Suppose Ʃ Fnet1 = F2 + F3. Given q1 = +1.5 micro C located at (0 cm, 0 cm); q2 = +0.2 micro C located at (3 cm, 1
cm); and q3 = -0.2 micro C located at (4 cm, 3 cm). Let Ʃ Fnet1 = (q3 – q1 ) + (q2 – q1 ). 

So, F2 = (q3 – q1 ) ; F3 = (q2 – q1 ). 

Therefore, Ʃ Fnet1 = F2 + F3. 

(3) Finding Net Force/Electrostatic Force Using Newton's Third Law

(a) Suppose F1 = - F2 . Let F1 = F21 = F31  = k x [(q1 x q2 ) / r2], where F is electrostatic force, k = Coulomb's 
constant or electrostatic constant, q1 , q2 = charges, and r distance of separation between charges 1 and 2. Given 
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q1 = +1.5 micro C located at (0 cm, 0 cm); q2 = +0.2 micro C located at (3 cm, 1 cm); and q3 = -0.2 micro C 
located at (4 cm, 3 cm). 

Let F1 =  F21 = F31 = = k x [(q2 x q3) / r2], given F is electrostatic force, k = Coulomb's constant or electrostatic 
constant, which is to 9 x 109 N.m2.C-2, q2 , q3 = charges, and r = distance of separation between charges 2 and 3.

So, F1 = k x [(q2 x q3) / r2], given r is the slope of (q2, q3) = [(q32y – q21y) / (q32x – q21x )], or tan ɸ,  or tan θ.

Therefore, F1 = k x [(q2 x q3) / r2], as slope of r = [(3cm – 1cm) / (4cm – 3cm)] = 2; ɸ = 45°; θ = 45°.

For r31: 

Let tanɸ = o / a, using trigonometric equation. Given that ɸ = 45°; q1 = +1.5 micro C located at (0 cm, 0 cm); q2 =
+0.2 micro C located at (3 cm, 1 cm); and q3 = -0.2 micro C located at (4 cm, 3 cm); and o = opposite of a 
triangle and a = is adjacent of a triangle. 

In this case, q3 is a right triangle or Pythagorean triangle in which it has the properties of the following: ɸ = 45°, 
o = 4 cm, and a = 3 cm. 

Let a = q3x = a, b = q1x =o, and c =r31 =h, where h is the hypothenuse of a triangle, q3x = distance of the adjacent
of the Pythagorean triangle, q1x = distance of the opposite of the Pythagorean triangle, and  r31 = the distance of 
the hypothenuse of the Pythagorean triangle.

So, a2 + b2 = c2 ==> c2 = a2 + b2. 

Therefore,  r31 =  q3x2 + q1x 2= √32 + 42 = 5 cm

For r21: 

Let tan θ = o / a, using trigonometric equation. Given that  θ = 45°; q1 = +1.5 micro C located at (0 cm, 0 cm); q2

= +0.2 micro C located at (3 cm, 1 cm); and q2 = +0.2 micro C located at (3 cm, 1 cm) ; and o = opposite of a 
triangle and a = is adjacent of a triangle. 

So, tan θ  = o / a ==> a = o / tan θ, where o = 3 cm and θ = 45°. 

Therefore,  a = 3 / tan (45) = 3 cm. 
                              q3                                                                       

(b) Suppose Vq3 – Vq2 = - ∫q2 E x ds = E x ds = - k (q/r2) dr, where Vq2 is the voltage or charge of point q2, Vq3 is 
the voltage or charge of point q3 , E is the electric field, k Coulomb's constant or electrostatic constant, which is 
to 9 x 109 N.m2.C-2, ds = derivative of a sphere, r = distance of separation between charges 2 and 3. Given q1 = 
+1.5 micro C located at (0 cm, 0 cm); q2 = +0.2 micro C located at (3 cm, 1 cm); and q3 = -0.2 micro C located at
(4 cm, 3 cm). 

Another way to calculate  r21 and  r31 if and only if voltages for q2 and q3 are present.
                                              q3r31                                          q3r31 

Let  Vq3r31 – Vq2r21 = - k x q - ∫q2r21  (dr/r2 ) = k q/r |q2r21 = k x q [ (1/q3r31) – (1/q2r21)]. Given than Vq2r21 = 0 at  q2r21 = 
∞. 

So, Vq3r31 = k x (q3 /r31) ==> r = (k x q3)/ Vq3r31. 

Therefore, r31 = (k x q3)/ Vr31. 
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So, Vq2r21 = k x (q21 /r21) ==> r = (k x q2)/ Vq2r21, where Vq3r31 = 0 at  q2r21 = -∞. 

Therefore, r21= (k x q2)/ Vr21. 

(c) Suppose F1 = - F2 . Let F1 = F21 = F31  = k x [(q1 x q2 ) / r2], where F is electrostatic force, k = Coulomb's 
constant or electrostatic constant, q1 , q2 = charges, and r distance of separation between charges 1 and 2. Given 
q1 = +1.5 micro C located at (0 cm, 0 cm); q2 = +0.2 micro C located at (3 cm, 1 cm); and q3 = -0.2 micro C 
located at (4 cm, 3 cm).

For F21: 

Let F1 =  F21 = F31 = k x [(q2 x q3) / r2], given F is electrostatic force, k = Coulomb's constant or electrostatic 
constant, which is to 9 x 109 N.m2.C-2, q2 , q1 = charges, and r = distance of separation between charges 2 and 1.
                                                   

So, Fnet2  = F21 = k x [(q2 x q1) / r2
21], where k =  9 x 109 N.m2.C-2;  q2 = +0.2 micro C; q1  = +1.5 micro C; r21 = 3 

cm. 

Therefore,  F21 = (9 x 109 N.m2.C-2) x [((+0.2 x 10-6)  x (+1.5 x 10-6 )) / 32 ] = 0.0003 N

For F31: 

Let F1 = F21 = F31 = k x [(q3 x q1) / r2], given F is electrostatic force, k = Coulomb's constant or electrostatic 
constant, which is to 9 x 109 N.m2.C-2, q3 , q1 = charges, and r = distance of separation between charges 3 and 1.
                                                   

So,  F1 = F31 = k x [(q3 x q1) / r2
31], where k =  9 x 109 N.m2.C-2;  q3 = -0.2 micro C; q1  = +1.5 micro C; r31 = 5 

cm.

Therefore,  F31 = (9 x 109 N.m2.C-2) x [((-0.2 x 10-6)  x (+1.5 x 10-6 )) / 32 ] = -0.000108 N

(d) Using Trigonometric Functions: Sin and Cos

For F21: 

F21x = (0.0003 N)cos 45.0° = 0.000212 N
F21y = (0.0003 N)sin 45.0° = 0.000212 N

For F31:

F31x = (-0.000108 N)cos 45.0° = -0.000076368 N
F31y = (-0.000108 N)sin 45.0° = - 0.000076368 N

Therefore, Fnet1x  = F21x  + F31x  = 0.000212 N + (-0.000076368 N) = 0.000288368

Therefore, Fnet1y = F21y  + F31y = 0.000212 N + (- 0.000076368 N) = 0.000288368
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The red line is the direction of the force from q2 on q1 and the force from q3 on q1.

As part of your solution, you should write equations with variables as well as numerical values for each of the 
following quantities

r21 = 3 cm r31 = 5 cm
θ = 45° ɸ = 45° Fnet1x = 0.000288368
F21 = 0.0003 N F31 = -0.000108 N Fnet1y  = 0.000288368
F21x = 0.000212 N F31x = -0.000076368 N
F21y = 0.000212 N F31y = -0.000076368 N

Scan or take a picture of your solution and paste it into this Word document here.
4) Open the website: https://www.geogebra.org/m/eFE9ngHV.  This app lets you adjust the charges and 
positions of three point charges and automatically generates the forces on each of the three charges.  Make the 
charges and positions match those above and compare the answer given by the app to your answer above.  Take 
a screen shot of your GeoGebra app and paste it into this document here.5) Consider a system of three charges 
on the x axis as follows

Your job is to find the location or locations on the x axis for charge q3 such that the total force on q3 is zero. 
Answer parts a, b, and c qualitatively before employing GeoGebra. (DONE)

a. Do you expect to find a location to the left of both charges (x < 0 cm), where the total force on q3 is 
zero?  Why or why not?
Yes, I expect to find a location to the left of both charges (x < 0 cm) where the total force on q3 is zero 
because at +0.1 micro C, the total force of q3 is going to Southwest or toward the third Cartesian plane. 
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b. Do you expect to find a location in between the two charges (0 cm < x < 6 cm), where the total force on 
q3 is zero?  If so, should it be closer to q1 or closer to q2?  Why?
Yes, I expect to find a location in between the two charges (0 cm < x < 6 cm) where the total force on  q3 

is zero because at +0.1 micro C, the total force of q3 is either closer to q1 or q2 or much closer to q2 than 
q1 as the total force of q3 gets closer to zero. 

c. Do you expect to find a location to the right of both charges (x > 6 cm), where the total force on q3 is 
zero?  Why or why not?
No, I do not expect to find a location to the right of both charges (x > 6 cm) where the total force on q3 is 
zero because at +0.1 micro C, the total force of q3 is going to Northwest or toward the second Cartesian 
plane. 

d. Adjust the charges on the GeoGebra website app to match this configuration.  Move charge q3 around to 
look for positions where the net force on it is zero.  Take a screen shot of all such locations and paste 
them in here.  Do they match your expectations above?

i. q3 is equal to +0.1 micro C
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ii. q3 is equal to 0.0 micro C

Yes, both graphs match my expectations on parts a, b and c. 

6) Repeat step 5 (all of parts a-d) with this new configuration of charges

Your job is to find the location or locations on the x axis for charge q3 such that the total force on q3 is zero. 
Answer parts a, b, and c qualitatively before employing GeoGebra. (DONE)

a. Do you expect to find a location to the left of both charges (x < 0 cm), where the total force on q3 is 
zero?  Why or why not?
Yes, I do not expect to find a location to the left of both charges (x < 0 cm) where the total force on q3 is 
zero because at +0.1 micro C, the total force of q3 is going to Northwest or toward the first and second 
Cartesian plane. 

b. Do you expect to find a location in between the two charges (0 cm < x < 6 cm), where the total force on 
q3 is zero?  If so, should it be closer to q1 or closer to q2?  Why?
Yes, I expect to find a location in between the two charges (0 cm < x < 6 cm) where the total force on  q3 

is zero because at +0.1 micro C, the total force of q3 is closer to q2 than q1 as the total force of q3 gets 
closer to zero. 

c. Do you expect to find a location to the right of both charges (x > 6 cm), where the total force on q3 is 
zero?  Why or why not?
Yes, I do expect to find a location to the right of both charges (x > 6 cm) where the total force on q3 is 
zero because at +0.1 micro C, the total force of q3 is going to Northwest or toward the first and/or second
Cartesian plane. 
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d. Adjust the charges on the GeoGebra website app to match this configuration.  Move charge q3 around to 
look for positions where the net force on it is zero.  Take a screen shot of all such locations and paste 
them in here.  Do they match your expectations above?

i. q3 is equal to +0.1 micro C

ii. q3 is equal to 0.0 micro C
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Yes, both graphs match my expectation on parts a, b and c. 

7) Save this document as a PDF file and post it. (DONE)
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Name: Jerico Matias Cruz October 30, 2021
PHYS 236 – Fall 2021   Prof. Schmitz

Series and Parallel Circuits Lab

Part I. Series Circuit with One-1.5 Volt AA Battery
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Part II. Series Circuit with Two-1.5 Volt AA Batteries

Part III. Parallel Circuit with One-1.5 Volt AA Battery
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Part IV. Parallel Circuit with Two-1.5 Volt AA Batteries
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Part V. Instructions & Questions 

1. Arrange bulbs in Series and Parallel Circuits, including pictures of each set-up.

Please review Parts I, II, III, and IV about the arrangement of bulbs in Series and Parallel 
Circuits, including pictures of each set up. 

2. In which set-up are the bulbs brighter? 

Parallel circuit's bulbs are brighter than Series circuit's bulbs. 

3. Try for both Series and Parallel, if one bulb is removed will the other go out? 

For both Series and Parallel circuits, if one bulb is removed, the other bulb will never go out. 

4. Extra Credit: If you have two batteries, can the batteries be arranged in Series and Parallel.

Batteries can be arranged in Series and Parallel circuits. 

5. Which is brighter? Explain why this is. 

Parallel circuit's batteries are brighter for both one and two bulbs, while Series circuit's batteries
for both one and two bulbs are not brighter as Parallel circuit's batteries. Therefore, Parallel 
circuit batteries are considered isolated systems with their own charges. 

Reference 

Home: electronicals. c2016-2021. Skokie (IL): American Science & Surplus; [accessed 2021 Oct 25]. 
https://www.sciplus.com/Communications-Electronics-h
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Name: Jerico Matias Cruz October 30, 2021
PHYS 236 – Fall 2021   Prof. Schmitz

Charges and Fields

I. Electric Field due to a Point Charge

Concept: the electric field due to a point charge is given by 

An electric field can be visualized on paper by drawing lines of force, which give an
indication of both the size and the strength of the field. Lines of force are also called
field lines. Field lines start on positive charges and end on negative charges
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Procedure

Go to the web site

https://phet.colorado.edu/en/simulation/charges-and-fields

Once you are at the site “charges and fields” Click “play”.

The simulation contain the following items

x A positive charge particle of 1 nC = 10-9 C

x A negative charge particle of 1 nC = 10-9 C
x A sensor that shows the value of the Electric Field at any point in space in V/m
x A distance measuring tape in cm.
x A grid that shows the direction of the electric field.

I. Measurement of magnitude and direction of the Electric field due to
a point charge

The electric field for a point charge is given by

Where the constant k is given by K = 8.99 x 109 Nm2/C2

For the simulation q = 10-9 C. The magnitude of the electric field is going to be measured at 
different directions and different distance r from the point charge. Note that the sensor in the 
simulation gives the value of E in Volt/meter (V/m). It can be shown that 1 V/m= 1 N/C.

Notice the scale of 1 m in the grid in the lower left corner.

Let's denote the value for E obtained by the equation E = Kq/r2 ur as E1, actually is an

experimental value because you need to measure r. Denote the value obtained by the 
sensor as E2. Then calculate the % difference using the formula below

Note:

Percent difference is practically the same as percent error, only instead of one
“true” value and one “experimental” value, you compare two experimental 
values. The formula is:

--------( **)
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Procedure

1. Measure the Electric Field of the point charge in a direction of 0°

Move the positive point charge to the center of the plane. Assume this position as 
the origin.

Click in the boxes in the upper right side to activate the electric field direction,
voltage, values, grid.

Use the sensor (yellow circle) to measure the Electric field at different points along
the x axis. The sensor gives the value of the electric filed in V/m

Complete the table below

Table 1: Electric Field of the Point Charge in a Direction of 0°.

X (m) E2 using the % error from
Distance from sensor V/m from equation (*) equation (**)
the positive test in N/m
charge

0.5 34.2 35.96 5.01 

1 9.31 8.99 -3.49 

1.5 4.35 3.99 -8.63 

2.0 2.60 2.247 -4.72 

2.5 1.92 1.438 -28.5 

3.0 1.55 0.998 -43.3 

3.5 1.34 0.734 -58.4 

4.0 1.77 0.562 -103 

2. Measure the Electric Field of the point charge in a direction of 90° with respect 
to +x direction
Table 2: Electric Field of the Point Charge in a Direction of 90°.

Y (m) E2 using the % error from
Measured sensor (V/m) from equation (*) equation (**)
vertically from in N/m
the positive
charge

0.5 33.6 35.96 +6.78 

1 8.82 8.99 +1.9 
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1.5 3.95 3.99 +1.00 

2.0 2.19 2.247 +12.4 

3. Measure the Electric Field of the point charge in a direction of 45° with respect to + 
x direction.
Use the measuring tape to verify the value of r. At 45°, follow the diagonal of 
the square grid

Table 3: Electric Field of the Point Charge in a Direction of 45° with Respect to + X
Direction.

r (m) E2 using the % error from
sensor V/m from equation equation (**)

(*) in N/m
0.705 17.9 18.08 +1.00

1.41 4.39 4.58 +4.23

2.12 2.11 2.00 -5.35

2.82 1.48 1.13 -26.8

4. Measure the Electric Field of the point charge in a direction of 45° with the 
negative x direction.
Use the measuring tape to verify the value of r. At 45°, follow the diagonal of 
the square grid.

Table 4: Electric Field of the Point Charge in a Direction of 45° with the - X 
Direction.

r (m) E2 using the % error from
sensor V/m from equation equation (**)

(*) in N/m
0.705 14.0 18.08 +25.4

1.41 4.77 4.58 -4.06

2.12 2.34 2.00 -15.7

2.82 1.48 1.13 -26.8
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Analysis

Do Excel plots

Plot E2 vs distance x. You have to make two plots, one for the results of part 
1 and one for part 2. The plots must be a scatter plot. Do not joint the points 
with a curve. Below is an example of the Excel plot

Figure 1. Part 1 Data: E2 from the Sensor (N/m) vs. X (m).

Figure 2. Part 2 Data: E2 from the Sensor (N/m) vs. Y (m).
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Questions

1. Do you obtain the same values for the electric field at directions of 0° and 90° 
for the same distance? 

Yes, I obtained the same numerical values for Parts 1 and 2 E1 data at directions of 0° and
90° for the same distance in this experimental condition or set-up because the calculation 
indicated that I used the same numerical values for distance (r), Coulomb constant (k), 
and charge of the point of origin, positively charge particle to calculate E1  using the 
formula above highlighted in yellow. On the other hand, for Parts 1 and 2 E2 data in this 
experimental condition or set-up, I used the Sensor on the website to identify or find the 
numerical value of E2 without performing calculation or utilizing the formula above 
highlighted in yellow. I did not obtain the same numerical values for E2, but there is 
a small variation with numerical values for Parts 1 and 2 E2 data at directions of 0° 
and 90° for the same distance. See Figure 1 and Figure 2 to visualize the numerical 
values for  Parts 1 and 2 E1 data at directions of 0° and 90° for the same distance. 

2. Do you obtain the same value of the electric field for symmetric points at a
direction of 45° with positive x and at a direction of 45° with negative x?

Yes, I obtained the numerical values for E1 for symmetric points at a direction of  45° 
with positive x and at a direction of 45° with negative x using the formula highlighted in 
yellow to calculate E1, including the same numerical values for distance (r), Coulomb 
constant (k), and charge of the point of origin, positively charge particle. On the other 
hand, for Parts 3 and 4 E2 data in this experimental condition or set-up, I used the Sensor 
on the website to identify or find the numerical value of E2 without performing 
calculation or utilizing the formula above highlighted in yellow. I did not obtain the same
numerical value for E2, but there is a small variation with numerical values for Parts 3 
and 4 E2 data or symmetric points at a direction of  45° with positive x and at a direction 
of 45° with negative x. 
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3. Verify that the magnitude of the electric field must be the same at points at the
same distance from the charge. From your data from part 1 and 2 complete the
table below

Table 5. Data from Part 1 and Part 2 to Complete the Table

X (m) E2 using the Y (m) E2 using the % error
sensor (V/m) sensor (V/m) difference
from part 1 From part 2 using E2 for

the X and E2

for the Y
direction
from equation
(**)

0.5 34.2 0.5 33.6 -1.76

1 9.31 1 8.82 -5.405

1.5 4.35 1.5 3.95 -9.397

2.0 2.60 2.0 2.19 -17.11

4. Write a conclusion.

To find the percent error difference between E2 for X (m) and E2 for Y(m), use the 
formula above. As stated above from previous answer on Question No. 1, I did not obtain
the same numerical values for E2 for X(m) and E2 for Y(m), but there is a small variation 
with numerical values for Parts 1 and 2 E2 data at directions of 0° and 90° for the same 
distance as stated on the result from the calculation of the percent error difference 
between E2 for X (m) and E2 for Y(m). See Figure 1 and Figure 2 to visualize the 
numerical values and percent error different between E2 for X (m) and E2 for Y(m) for 
Parts 1 and 2 E2 data at directions of 0° and 90° for the same distance. Therefore, the 
percent error difference between E2 for X (m) and E2 for Y(m) might have occurred when 
plotting the Sensor into the grid for a specific distance for E2 for X (m) and E2 for Y(m). 
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II. Electric Field due to two point charges.

To find the electric filed of two point charges at a given point in space, apply the principle 
of superposition.

At a given distance r; E total is given by

In the simulation the numerical values of q1 equal q2 are equal, and keep in mind that q2 
is negative

Procedure:

Locate both charges positive and negative separated a distance of 4 m. Assume the origin is
located at the position of the positive charge and place the positive charge to the left of the 
negative charge

Calculate the coulomb force for a distance of 4 m

| Fcoulomb | = (8.99 x 109 Nm2/C2)(1.00 x  10-9 C)(1.00 x  10-9 C) / 42 = 0.562 N

Find the total electric field of the two point charges along the axis that connects the 
charges. Remember the origin is located at the positive charge, and positive x is the 
direction to the right of the positive charge. Denote q1, r1 for the positive charge and q2 and
r2 for the negative charge

Complete the table:
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Table 6. Calculation of Total Electric Field of the Two Point Charges along the X-Axis
that Connects the Charges. 

r1 (m) E1 (N/C) Direction .r2 (m) E2 (N/C) Direction E total
From of E1 From of E2 from
equation +X or -X equation +X or -X equation
(*) (*) ***

(N/C)
Direction
+X or -X

1 8.99 +X 1 8.99 -X 17.98

2 2.247 +X 2 2.247 -X 4.49

3 0.998 +X 3 0.998 -X 1.996

5 0.359 +X 5 0.359 -X 0.718

6 0.249 +X 6 0.249 -X .498

7 0.183 +X 7 0.183 -X .366

-1 8.99 -X -1 8.99 +X 17.98

-2 2.247 -X -2 2.247 +X 4.94
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Complete the table using the sensor

Table 7. Total Electric Field of the Two Point Charges along the Axis that Connects the
Charges Using the Sensor Empirical Data and Table 6 Calculated Data. 

.r1 (m) Etotal using the Etotal from the % error
sensor in V/m previous table difference from
Direction +X or (N/C) equation (**)
-X

1 9.19 17.98 +64.7

2 2.45 4.49 +58.8

3 1.31 1.996 +41.5

5 0.80 0.718 -10.8

6 1.02 .498 -68.8

7 0.76 .366 -69.9

-1 8.62 17.98 +70.4

-2 2.50 4.94 +65.6

---------(**)

Questions: 

1. The % error difference increase, decrease or is random as function 
of distance r.

I calculated the percent difference using the Etotal from the previous table (N/C) and Etotal
using the Sensor in V/m, Direction +X or -X. The percent error difference decreases as 
the distance, .r1 (m), of Sensor moves from positive quadrant (x-axis) of the Cartesian 
plane, and then increases as distance, .r1 (m), of Sensor moves to negative quadrant (x-
axis) of the Cartesian plane. 

2. Show that 1 V/m is equal to 1 N/C. Use the concept that 1 V = 1 Joule/C

Suppose W = F x ds = qE x ds, where W =  Work, F = Force, ds = infinitesimal 
displacement vector, q = point of charge, and E = electric field. 
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Let W = - change in UE, UE  = electric potential energy for the charge of the field system
and given that this is a closed and isolated system. 
                                    Z 

Let change in UE = - q ∫ E x ds, where points A to Z change in electric potential energy of 
          A 

the system.
However, neither force qE nor the line integral of the system does not depend on points A
to Z.

So, UE  = 0, given that the position of q in the field system is relative to the configuration 
of the system, meaning the q can be positively or negatively charge, and not equal to 
zero. 

Therefore, V = UE/q, where V = electric potential of the field system. 
        Z 

Therefore, potential difference or change in V = VA – VZ = change in UE/q = - q ∫ E x ds, 
                   A 

where  VA – VZ = potential difference from points A to Z in the electric field when the q 
moves between the points of the field system. 

       

Therefore, W = q x change in V, if and only if work is performed by external factor 
without performing kinetic energy, but moves q through the electric field, while keeping 
the velocity constant in the field system. 

Therefore, electric potential is a measure of potential energy per unit charge; both electric
potential and potential difference's standard unit is 1 V = 1 J / C, where V = volt, and J/C 
= Joules per Coulomb. 

Therefore, potential difference also has units of electric field, which multiplies to 
distance with standard unit of N/C, where N/C = Newton/Coulomb. 

Therefore, by definition, electric field is a measure of the rate of change of the electric 
potential with respect to position.

Therefore, electric field can be expressed to 1 N/C = 1 V/m, where V/m = volts per 
meter. 

3. Conclusions.

Using the concept of electric at a point charge, E = kq/r2, where E = electric field, k = 
Coulomb's constant, q = point of charge, and r = a distance of a point charge or a 
separation distance between two points of charges. In this experiment, the origin of the 
point of charge was always the positive charge, whether the electric field's empirical data 
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or  numerical values, were calculated, or collected using the Sensor, as stated from the 
charges and fields' website: https://phet.colorado.edu/en/simulation/charges-and-fields  . 
Therefore, the electric field's standard unit from the calculation using the E = kq/r2, which
used N/C, was similar to the electric field from the Sensor, which used V/m.  
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