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Name: Connor Humiston 

Lab Partner: Alethia Daugherty 

Course: Physics 

Instructor: Coach McKellips 

Period: 4 

Date: 17 August 2017 

Physics Lab #1- Transit of Venus 

Question: The Earth is 150 million kilometers on average from the Sun. Venus is 108 

million kilometers on average from the Sun. Based on this photo taken in 2012 of the 

transit of Venus, how many of the planet Venus could fit inside a hollowed-out Sun? 

Purpose: To discover how many of the planet Venus could fit inside a hollowed-out Sun 

Hypothesis: About 1.5 million planets the size of Venus could fit inside a hollowed-out

sun (Cane).

Materials: meter stick, projected image of the transit of Venus

Experimental Design & Procedure:

1. Using a meter stick and a projected image of Venus in front of the Sun, measure

the diameters of both planets. Record these measurements below.

2. Utilize the diagram below to visualize Venus’s position in the solar system,

paying close attention to the distances that can be placed in similar triangles along

with the measurements from the photo to calculate relative diameters and

therefore volumes.

Not to Scale 

Venus 

Earth 

Sun 

150 million kilometers 
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Observations & Data: 

dSunmeasured = 46.9cm 

dVenusmeasured = 1.5cm 

Analysis: 

1. Calculate the relative diameter of both Venus and the Sun.

dVenusrelative    dVenuspicture

ΔxEarthVenus       ΔxSunEarth

dVenusrelative = (dVenuspicture)(ΔxEarthVenus) 

         (ΔxEarthVenus + ΔxVenusSun) 

dVenusrelative = (1.5cm)(42Gm) 

         (42Gm + 108Gm) 

dVenusrelative = 0.42cm 

2. Calculate the relative volumes of both planets using their relative diameters.

VVenus = (4/3)π(rVenus)
3  VSun = (4/3)π(rSun)

3 

VVenus = (4/3)π(dVenusrelative/2)3  VSun = (4/3)π(dSunrelative/2)3 

VVenus = (4/3)π(0.42cm/2)3  VSun = (4/3)π(46.9cm/2)3 

VVenus = 0.039cm VSun = 5.4×104cm 

3. Determine the ratio of the volume of the Sun to the volume of Venus.

n = VSun/VVenus = 5.4×104cm/0.039cm = 1.4×106 

4. Compare the calculated ratio to the actual ratio using a percent difference

calculation.

% Difference = |ncalculated – naccepted| × 100% 

naccepted

          = |1.4×106 – 1.5×106| × 100% 

1.5×106 

          = 6.7% 

dVenusreal 

Not to Scale 

ΔxEarthVenus = 42 Gm ΔxVenusSun = 108 Gm
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Conclusion: 

 The purpose of this lab was to determine how planets the size of Venus could fit 

inside a hollowed-out Sun. It was found that 1.4 million planets the size of Venus could 

fit inside the Sun. Although the actual radii of Venus and the Sun could not be measured, 

the ratio of the Sun and Venus’s diameter could be determined in order to compare their 

volumes. The ratio found in lab was about 6.7% different that the accepted value of 1.5 

million planets the size of Venus. This difference may have resulted from experimental 

error such as the fuzzy resolution of the 2012 photo. That resolution may have led 

Venus’s “shadow” to appear larger than it actually was, which would have caused a 

larger measured radius of Venus, a larger volume, and ultimately a smaller ratio. 
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The ball will start at an 

initial, non-zero velocity due 

to the toss upward. That 

velocity will then decrease as 

the ball nears the top of its 

path due to the force of 

gravity down, equal zero at 

the top, and finally increase 

toward its starting position.  

 

Position vs. Time Graph 

 

 

 

 

 

 

 

 

 

The position of the ball will 

begin at 0, then move away 

from that x0, reach its furthest 

distance at the top of its path, 

and then return to its starting 

position some time later. 

Acceleration vs. Time Graph 

 

 

 

 

 

 

 

 

 

The ball will always have a 

negative acceleration of 

about -9.81m/s2 due to 

Earth’s gravitational pull 

downward. 
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Physics Lab #2- Ball Toss 

 

Purpose: To graphically analyze the state of motion of a projectile 

 

Hypotheses:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials: Vernier computer interface, Vernier motion detector, Vernier connecting 

cable, wire basket, basketball, computer, Logger Pro 

 

Experimental Design & Procedure:  

1. Start by setting up the equipment as shown in the diagram below. Place the 

motion detector below the wire basket for protection. One lab partner will be 

tossing the basketball upward above the motion detector. Make sure the head of 

the motion detector is directed straight up toward the basketball’s future path.  

 

 

 

 

 

 

 

Basketball 

Wire Basket 
Motion Detector 
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2. Power on the Vernier computer interface using the button on the side with DIG 1 

& DIG 2. Plug one end of the connecting cable into the motion detector 

underneath the wire basket and the other end into the DIG 1 port of the Vernier 

computer interface. The motion detector will likely begin making a clicking 

sound.  

3. On the Vernier interface, touch the graph-looking icon in the top right of the 

screen to launch the graphing application. Next, tap “Graph” at the top of the 

screen.  

4. After one lab partner presses the green “Go” arrow on the bottom left of the 

Vernier screen, the other lab partner will throw the basketball, starting at a height 

of about two feet above the motion detector, to a maximum height of 

approximately one meter above the workspace. Catch the ball before it reaches 

the wire basket, but be sure to keep hands away from the ball’s path of motion so 

not to interfere with the measurements.  

5. LabQuest 2 will graph the motion of the ball. Find the parts of the graph that 

illustrate the motion of the ball while it was in the air. Drag over this section of 

the graph, tap “Graph,” and then “Zoom In” to look at just the shaded section.  

6. Next, touch “Analyze,” then “Curve Fit,” “Position,” and finally “Quadratic” to 

access the best-fit quadratic equation for the position vs. time graph. Record A, B, 

and C in the data table below.  

7. Now, tap “Analyze,” then “Curve Fit,” “Velocity,” and finally “Linear” to access 

the best fit linear equation for the velocity vs. time graph. Record m and b in the 

data table below.  

8. Save these graphs to a flash drive by plugging in the drive to the USB port, 

choosing “File” then “Save” then “Untitled.” Type the desired file name, and 

touch “Done.” Click the flash drive icon in the top left and then “Save.” 

 

Observations & Data: 

  

Curve fit parameters A B C 

Distance (Ax2 + Bx + C) -4.9276 11.636 -5.9561 

Velocity (Ax + B) m = -9.2935 b = 11.001 X 

Average acceleration  X X 

 

Analysis: 

1. Graph three motion graphs on graph paper: one position vs. time graph, one 

velocity vs. time graph, and one acceleration vs. time graph. 

2. The motion objects in free fall is represented by the equation y = (1/2)gt2 + v0t + 

y0. When compared to the A, B, and C values above, A corresponds to (1/2)g, B 

corresponds to v0, and C corresponds to y0. Solve for g, and record this value 

above. 

(1/2)g = A 

g = 2A 

g = 2(-4.9276) = -9.8552m/s2 
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3. Compare the calculated g to the accepted value for force of gravity, -9.81m/s2, 

using a percent difference calculation.  
% Difference = |gcalculated – gaccepted | × 100% 

             gaccepted 

         = |(-9.8552m/s2) – (-9.81m/s2)| × 100% 

    -9.81m/s2         

         = 0.461% 

 

Conclusion: 

 The purpose of this lab was to graphically analyze the state of motion of a 

projectile. It was hypothesized that the position vs. time graph would be parabolic in 

shape, that the velocity vs. time graph would be a decreasing line that crosses the x-axis, 

and that the acceleration vs. time graph would be a horizontal line below the x-axis. The 

hypotheses were supported. Each of the graph predictions make sense. In the position vs. 

time graph, the basketball increases in both position and time as it is thrown up, then 

reaches its maximum position at the top of its path, and decreases in position as it falls 

back down again. The velocity vs. time graph also makes sense because the basketball 

starts with an initial velocity due to the thrower’s hand which then decreases until it 

reaches zero at the top of its path. As the ball falls back down, the velocity increases 

again but in the negative direction toward the Earth. Lastly, the acceleration of any object 

on Earth is always about -9.81m/s2 so it makes sense that the acceleration vs. time graph 

is a flat line below the x-axis as the acceleration never changes. The g found using the 

free fall equation was only 0.461% different than the accepted -9.81m/ss value. This 

difference may have arisen from air resistance that would have decreased the measured 

velocities on both the ball’s way up and down. >>>>>>> 
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Physics Lab #3- Determining g on an Incline 

 

Purpose: To determine the value of free fall acceleration, g, on an incline 

 

Hypothesis: The magnitude of g will be 9.8m/s2. 

 

Materials: Vernier computer interface, Logger Pro, Vernier motion detector, Vernier 

connector cable, dynamics cart, meter stick, ruler, 5 books, long wooden boards, 

protractor, computer 

 

Experimental Design & Procedure:  

1. Set up the equipment as seen below with the long wooden boards resting at an 

incline on top of the books. Start with one book. An extension board may be used 

to place the motion detector on as it is only sensitive to objects at least two feet 

away.  

 

 

 

 

 

 

 

 

 

2. Power on the Vernier computer interface using the button on the side with DIG 1 

& DIG 2. Plug on end of the connector cable into the motion detector and the 

other end into the DIG 1 port on the Vernier computer interface. The motion 

detector will likely begin making a clicking sound.  

3. On the Vernier interface, touch the graph-looking icon in the top right of the 

screen to launch the graphing application. Next, tap “Graph” at the top of the 

screen.  

4. Before testing, measure the angle between the table and wooden ramp with a 

protractor. Record these angles for each of the five heights in the table below.  

5. Hold the dynamics cart at least two feet from the motion detector. After one lab 

partner presses the green “Go” arrow on the bottom left of the Vernier screen, 

another lab partner will let go of the dynamics cart. Catch the cart before it falls 

off the workstation. 
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6. LabQuest 2 will graph the motion of the ball. Find the parts of the graph that 

illustrate the motion of the cart while it was moving down the ramp.  Drag over 

this section of the graph, tap “Graph,” and then “Zoom In” to look at just the 

shaded section.  

7. Next, touch “Analyze,” then “Curve Fit,” “Velocity,” and finally “Linear” to 

access the best-fit linear equation for the velocity vs. time graph. Record the 

slope, or m, values in the data table below in the acceleration column.  

8. Repeat Steps 4-6 two more times, recording the trial values after each test.  

9. Save at least one of the trial’s graphs to a flash drive by plugging in the drive to 

the USB port, choosing “File” then “Save” then “Untitled.” Type the desired file 

name, and touch “Done.” Click the flash drive icon in the top left and then 

“Save.” 

10. Measure the height of the books from the top of the workstation to the bottom of 

the incline board surface at the end of the board. Record this height in the data 

table. 

11. Raise the incline by adding another book under the end. The distance x should 

remain the same as the previous reading so long as the books are touching the 

same point on the board. 

12. Repeat Steps 4-10 for the new incline. 

13. Repeat Steps 4-11 for the additional books until book 5’s trials are complete 

 

Observations & Data:  

 

Analysis: 

1. Using the angle measured between the table and ramp, calculate the sin(Ө) values 

for each of the five heights. Record these calculations in the table above. 

sin(Ө1) = sin(3.5°) = 0.0610 

sin(Ө2) = sin(5.1°) = 0.0889 

sin(Ө3) = sin(5.9°) = 0.103 

sin(Ө4) = sin(7.8°) = 0.136 

sin(Ө5) = sin(9.6°) = 0.167 

 

2. Create a graph using the five sin(Ө) and average acceleration values from the 

table above. Extrapolate the graph to sin(90°) = 1 in order to estimate the 

acceleration straight down, or g. What is this value? 

The acceleration at sin(90°) = 1 is about 9.4m/s2.  

Number 

of 

Books 

Height 

of 

books 

(m) 

Length 

of 

incline 

(m) 

Angle 

between 

table and 

ramp 

Sin(Ө) Trial 1 

acceleration 

(m/s2) 

Trial 2 

acceleration 

(m/s2) 

Trial 3 

acceleration 

(m/s2) 

Average 

acceleration 

(m/s2) 

1 0.0635 1.212 3.5° 0.0610 0.369 0.354 0.345 0.356 

2 0.122 1.212 5.1° 0.0889 0.642 0.644 0.634 0.640 

3 0.144 1.212 5.9° 0.103 0.774 0.779 0.777 0.777 

4 0.193 1.212 7.8° 0.136 1.113 1.079 1.103 1.098 

5 0.219 1.212 9.6° 0.167 1.372 1.367 1.384 1.374 
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3. Compare the value of g found in lab to the actual value of g using a percent 

difference calculation.  

% Difference = |gcalculated – gaccepted | × 100% 

gaccepted 

          = |(9.4m/s2) – (9.8m/s2)| × 100% 

    9.8m/s2         

          = 4.1% 

 

Conclusion: 

 The purpose of this lab was to determine the value of free fall acceleration, g, on 

an incline. It was hypothesized that the value of g would be 9.8m/s2. It was graphically 

found that g was about 9.4m/s2. The extrapolation method used to find this value makes 

sense because acceleration on an incline can be broken into both vertical and horizontal 

components. Using right triangle trigonometry, the vertical component can be found 

using sine of the incline angle. Therefore, once the vertical components are found at 

multiple heights, they can be graphed. That graph can then be extrapolated to 90°, the 

angle at which there is no horizontal component, or the sole acceleration downward due 

to the force of gravity. The 4.1% difference in values using this method may have arisen 

from experimental error. Friction, for example, may have decreased the velocities 

measured by the motion detector. That would have decreased the slope of the velocity vs. 

time graph, and thus the acceleration represented by that slope. 
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Name: Connor Humiston 

Lab Partner: Alethia Daugherty 

Course: AP Physics C Mechanics 

Instructor: Coach McKellips 

Period: 4 

 

AP Lab #4- Addition of Force Vectors 

 

Purpose/Problem: To draw to-scale vector diagrams and to apply the laws of vector 

addition to understand forces in equilibrium. 

 

Materials: 2 spring scales, 2 ring stands, a 500g hooked mass, ruler, protractor, and 

graph paper 

 

Experimental Design & Procedure: 

1. Set up the equipment as shown in the figure below.  

 

 

 

 

 

 

 

 

 

 

Be sure to zero the scales first. With a protractor, measure each of the three angles 

at the intersection of the three hooks. These angles should be measured carefully 

and precisely so that they add up within one degree of 360o. 

2. Using these angle measurements, construct a to-scale free body vector diagram of 

the forces acting on the hooked mass. Use a ruler and protractor for this diagram. 

Clearly label the three forces as:  

FA-- Force of one of the spring scales acting on the mass 

FB-- Force of the other spring scale acting on the mass 

Fg-- Force of gravity acting on the mass 

3. Next to the letter labels in the diagram, write the magnitudes of the forces in 

newtons by reading the spring scale values and calculating the weight of the 500g 

mass. Since this is a scale diagram, the scale must be clearly indicated and the 

vectors should be measured so that their lengths correspond to their magnitudes. 

Don't forget arrowheads; a vector ALWAYS has an arrowhead. 

 

Observations & Data: 

On graph paper and in pencil, draw the vectors as instructed in the experimental 

procedure. 

 

 

Ring 

Stand 

500g Mass 

Spring Scale 
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Analysis: 

1. On another sheet of graph paper and in pencil, reconstruct vectors FA and FB and 

add them FA + FB using a ruler and protractor to maintain their original lengths 

and directions. Place the tail of FB at the head of FA. Then draw the resultant 

vector F. This goes from the tail of FA to the head of FB. Compare the 

magnitude and direction of the resultant vector F = FA + FB with the known 

magnitude of force Fg. Explain the findings. Calculate the percent difference 

between the magnitude of F and the magnitude of Fg. 

∑F  = 4.73N, 88.9° above the negative x axis 

 

The resultant vector is about the same magnitude as the known force, Fg,  

and points in almost the complete opposite direction. This makes sense 

because, in order for the hooked mass to remain in equilibrium, the sum of 

the forces up must equal the sum of the forces pulling down, or Fg in this 

case.  

 

% Difference = |Fgcalculated – Fgaccepted| × 100% 

Fgaccepted 

           = |(4.73N) – (4.91N)| × 100% 

    4.91N         

           = 3.67% 

 

2. On another sheet of graph paper and in pencil, reconstruct vectors FA, FB, and Fg, 

and add them FA + FB + Fg. Place the tail of FB at the head of FA and the tail of Fg 

at the head of FB. Label all the vectors clearly. What is the resultant? Explain. 

The resultant vector is 0.235N, 62.5° below the negative x axis. This 

vector is almost zero, which makes sense because the hooked mass was in 

equilibrium, so the vector sums should, in fact, add up to zero in ideal 

situations.  

 

3. Now reconstruct vectors FA, FB, and Fg again, and add them Fg + FB + FA. Place 

the tail of FB at the head of Fg and the tail of FA at the head of FB. Label all the 

vectors clearly. What is the resultant? Explain and compare to Analysis #2. 

The resultant vector is 0.235N, 64.0° below the negative x axis. This 

vector is about the same as the one found in analysis #2, which makes 

sense because the order vectors are added should not affect their resultant. 

This vector is also almost zero because the hooked mass was in 

equilibrium, and resultant vector sums of objects in equilibrium add up to 

zero.  

 

4. What result would be expected if FB were added to Fg? What result would be 

expected if Fg were added to FA? 

If FB and Fg were added, the resultant vector would be FA because the 

hooked mass was in equilibrium, and all three vector sums ideally add up 

to zero. If FA and Fg were added, the resultant vector would be FB for the 

same reason.  
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Conclusion: 

 The purpose of this lab was to draw to-scale vector diagrams and to apply the 

laws of vector addition to understand forces in equilibrium. It was confirmed that two or 

more vector forces acting on an object in equilibrium at the same time add up to zero. 

This was demonstrated when the vectors representing both of the scale forces and force 

due to gravity were added with a resultant vector near zero. Furthermore, it made sense 

that when just the vectors representing the two scale forces were added, they were very 

close to the magnitude of the force due to gravity, and almost in the exact opposite 

direction because the 500g mass was not moving as the forces upward equaled the forces 

downward. In fact, that difference in magnitude was only 3.67%. This difference may 

have arisen from experimental error such as a slight tilt of the lab table. Even a very 

minute incline would have made the force of gravity acting on the 500g mass to be at an 

angle, with a large component in the traditional y direction, but also some in the x 

direction. This would become apparent when analyzing the sum of the two scale vectors 

that would point perpendicular from the table’s tilt, but some angle measure away from 

the expected vertical measure.  
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Name: Connor Humiston 

Lab Partner: Alethia Daugherty, 

Abby Wilson 

Course: AP Physics C Mechanics 

Instructor: Coach McKellips 

Period: 4 

 

AP Lab #5- Drag Force 

 

Purpose/Problem: Is the drag force on coffee filters falling at terminal velocity directly 

proportional to their speed or the square of their speed? 

 

Hypothesis: The drag force will be found to be directly proportional to its speed. 

 

Materials: motion detector, LabQuest2, 10 coffee filters, Logger Pro, Vernier connector 

cable 

 

Experimental Design & Procedure: 

1. Power on the Vernier computer interface using the button on the side with DIG 1 

& DIG 2. Plug on end of the connector cable into the motion detector and the 

other end into the DIG 1 port on the Vernier computer interface. The motion 

detector will likely begin making a clicking sound. Touch the graph-looking icon 

in the top right of the Vernier interface to launch the graphing application. Next, 

tap “Graph” at the top of the screen. 

2. Set up the equipment as seen below with the motion detector pointing down from 

a tall, flat ceiling petition, such as the ceiling of the physics room or off the edge 

of the library stairs.  

 

 

 

 

 

 

 

3. One partner will hold the motion detector under this flat ceiling position, while 

another partner will drop the coffee filters underneath, making sure they fall 

directly under the detector. The last lab partner will start graphing by tapping the 

“Go” arrow on the bottom left of the interface as soon as the coffee filters are 

dropped. Start with two coffee filters.  

4. Start by dropping two coffee filters below the motion detector after pressing 

“Go.”  

5. Drop the coffee filters directly under the motion detector after pressing go. 

LabQuest 2 will graph the motion of the ball. Find the parts of the graph that 

illustrate the motion of the filters once they have reached terminal velocity, and 

the velocity graph levels out.  Drag over this section of the graph, tap “Graph,” 

and then “Zoom In” to look at just the shaded section. 

Motion Detector 

Coffee Filters 

Ceiling Surface 
Connector Cable 

LabQuest2 

14

Con
nor

 Humisto
n



6. Next, touch “Analyze,” then “Curve Fit,” “Position,” and finally “Linear” to 

access the best-fit linear equation for the position vs. time graph. Record the 

slope, or m, values in the terminal velocity column of the data table below.  

7. Repeat Steps 4-6 two more times, recording the trial values after each test. 

Average the three trial values and record in the last column.  

8. Save at least one of the trial’s graphs to a flash drive by plugging in the drive to 

the USB port, choosing “File” then “Save” then “Untitled.” Type the desired file 

name, and touch “Done.” Click the flash drive icon in the top left and then 

“Save.” Use Logger Pro to edit and print these graphs. 

9. Repeat Steps 4-8, adding two coffee filters after three trials have been completed 

for each set.  

 

Observations & Data: 

 

mass200filters = 177g = 0.177kg 

 

Number 

of Coffee 

Filters 

Mass of 

Coffee 

Filters (kg) 

Trial 1 

Terminal 

Velocity (m/s) 

Trial 2 

Terminal 

Velocity (m/s) 

Trial 3 

Terminal 

Velocity (m/s) 

Average 

Terminal 

Velocity (m/s) 

2 1.77×10-3kg 1.744 1.740 1.746 1.743 

4 3.54×10-3kg 2.117 2.101 2.113 2.110 

6 5.31×10-3kg 2.518 2.520 2.526 2.521 

8 7.08×10-3kg 2.804 2.805 2.809 2.806 

10 8.85×10-3kg 3.208 3.209 3.206 3.208 

 

Analysis: 

1. Calculate the combined mass of the coffee filters for each group, and record these 

values in the data table above. 

mass1 = (mass200/200filters)(nfilters) = (0.177kg/200filters)(2filters) = 

1.77×10-3kg 

mass2 = (mass200/200filters)(nfilters) = (0.177kg/200filters)(4filters) = 

3.54×10-3kg 

mass3 = (mass200/200filters)(nfilters) = (0.177kg/200filters)(6filters) = 

5.31×10-3kg 

mass4 = (mass200/200filters)(nfilters) = (0.177kg/200filters)(8filters) = 

7.08×10-3kg 

mass5 = (mass200/200filters)(nfilters) = (0.177kg/200filters)(10filters) = 

8.85×10-3kg 

 

2. In Excel, compare the mass of each coffee filter group (which represents Fg since 

g remained the same throughout the experiment) to both the terminal velocity and 

the terminal velocity squared by graphing with a linear best fit line. Which graph 

has an R2 value closer to 100%? What does that suggest about drag force and 

terminal velocity’s proportionality? 
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The line for mass vs. terminal velocity has an R2 value closer to 100% 

than the graph of mass vs. terminal velocity squared, indicating that the 

data is better fit for a linear trendline, and thus direct proportionality, when 

comparing mass to terminal velocity. 

 

3. In Excel, try fitting the mass vs. terminal velocity squared data to a polynomial 

equation of order 2. Is the R2 value closer to 100% now? What does this mean? 

When the best fit of mass vs. terminal velocity squared is a squared 

polynomial equation, the R2 value is greater, meaning its data is not best 

fit for a line, but a curve. 

 

Conclusion: 

 The purpose of this lab was to investigate whether drag force on coffee filters that 

are falling at terminal velocity are directly proportional to their speed or the square of 

their speed. Proportionality can easily be determined by graphing since a straight best fit 

line suggests direct proportionality. Therefore, since the graph of mass vs. terminal 

velocity yielded the closest linear fit to the data with and R2 value of 99.8%, it was found 

that terminal velocity is directly proportional to the force of gravity, which depends on 

mass. Because the force of gravity and drag force are equal when the filters are not 

accelerating, as supported by Newton’s second law, terminal velocity is also directly 

proportional to the drag force. This makes sense because the power on terminal velocity 

is usually 1 for objects with a slower terminal velocity and 2 for objects with a faster 

terminal velocity. It was assumed that gravity, air density, and filter shape, all possible 

effectors on air drag, remained the same during each trial. However, experimental error 

may have arisen if the filters changed shape between each trial when they were being 

transported or more filters were being added to the stack. A larger shape would have 

decreased the measured terminal velocities as filters were added to the stack, which 

would have resulted in a curvier best fit line and a lower R2 value.  
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty, 

Abby Wilson 

Course: AP Physics C Mechanics 

Instructor: Coach McKellips 

Period: 4 

 

AP Lab #6- Newton’s 2nd Law 

 

Purpose/Problem: To determine the relationship between acceleration of a dynamics 

cart, force used to accelerate that cart, and the mass of the system including the cart 

 

Hypothesis: The acceleration of a dynamics cart will be directly proportional to the net 

force on the system and inversely proportional to the mass of the system. 

 

Materials: two Vernier photogates, two ring stands, LabQuest 2, accessory rods, 

masking tape, dynamics cart with vertical metal rod attached at one end, hooked weights, 

string, Vernier connector cables, wood board, electronic balance 

 

Experimental Design & Procedure: 

1. Set up materials as seen in the diagram below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Start by attaching each of the photogates to a ring stand using the accessory rods. 

The ring stands should be placed close enough together so the vertical metal rod 

on the dynamics cart can cross through both before its wheels fall off the wooden 

board. Measure the distance between the seams on the top of each photogate, and 

record this distance under observations & data below. 

3. Measure the mass of the dynamics cart. Record this mass under observations & 

data below. 

4. Power up the LabQuest2. Connect the first photogate to the DIG 1 port of the 

LabQuest2 using a Vernier connector cable. Do the same for the second 

photogate, plugging it into the DIG 2 port. The LabQuest2 will auto-identify the 

photogates and load a default data-collection setup. 

LabQuest2 

Ring Stand 

Dynamics Cart 

Wooden Board 

Photogate 

Connector Cable 

Hooked Weight 

Hooked Weight (for 

trials F-I only) 

String 

17

Con
nor

 Humisto
n



5. When everything is set up, tap the icon that looks like a gauge on the LabQuest2, 

then tap “mode” then “pulse” from the first drop down menu. Make sure to 

choose the photogate mode. 

6. Various hooked weights can be hung on the end of the string attached to the 

dynamics cart. When the cart is let go of, it will accelerate due to the hooked 

weight’s force. The photogates will measure the time it takes for the cart to pass 

between the two photogates. 

7. Start by hanging a 50g weight to the end of the string. One lab partner will press 

the green “Go” arrow in the bottom left of the LabQuest2 when everything is 

ready to test. Another lab partner will hold the dynamics cart, and release as soon 

as the “Go” arrow is pressed. The last lab partner will stop the cart before falling 

off the wooden board, and assist in resetting everything to test again.  

8. Complete three trials for each hanging weight used, recording these and the 

average in Data Table 1 below. After the 50g weight has been thrice tested, 

exchange it for 100g, 150g, 200g, and finally 250g.  

9. For the next set of trials, a 200g weight will remain on the end of the string. This 

time, however, a different amount of mass will be added onto the dynamics cart. 

10. Start by adding 100g of additional weight, then 200g, 500g, and 1kg. Complete 

three time trials for each additional weight, and record these times in Data Table 

2. 

 

Observations & Data: 

Δxphotogates = 0.7020m 

masscart = 0.965kg 

 

Data Table 1: 
Trial Mass of 

Hanging 

Weight (kg) 

Net 

Force 

(N) 

Time for 

Trial 1 (s) 

Time for 

Trial 2 (s) 

Time for 

Trial 3 (s) 

Average 

Time (s) 

Acceleration 

(m/s2) 

A 0.0500 0.491 2.983 2.809 2.880 2.890 0.1681 

B 0.100 0.981 1.709 1.961 1.732 1.801 0.4329 

C 0.150 1.47 1.339 1.332 1.353 1.341 0.7807 

D 0.200 1.96 1.116 1.125 1.183 1.141 1.078 

E 0.250 2.45 1.001 1.005 0.981 0.996 1.42 

 

Data Table 2: 
Trial Additional 

Mass on 

Cart (kg) 

Total Mass 

of System 

(kg) 

1/(Mass 

System) 

(kg-1) 

Time 

for 

Trial 1 

(s) 

Time 

for 

Trial 2 

(s) 

Time 

for 

Trial 3 

(s) 

Average 

Time (s) 

Acceleration 

(m/s2) 

F 0.100 1.065 0.9390 1.185 1.181 1.167 1.178 1.012 

G 0.200 1.165 0.8583 1.240 1.251 1.225 1.240 0.9131 

H 0.500 1.465 0.6526 1.381 1.380 1.404 1.388 0.7288 

I 1.000 1.965 0.5089 1.616 1.643 1.643 1.634 0.5259 

 

Analysis: 

1. Because the force of gravity from the hanging weight is the only force pulling the 

cart, they can be considered equal. Therefore, the force acting on the system is 

equal to the force of gravity of the mass being used. Calculate the force of gravity 
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0 

for each hanging weight’s mass for trials A-E, and record in Data Table 1 as Net 

Force on the Cart. 

FgA = mg = (0.0500kg)(9.81m/s2) = 0.491N 

FgB = mg = (0.100kg)(9.81m/s2) = 0.981N 

FgC = mg = (0.150kg)(9.81m/s2) = 1.47N 

FgD = mg = (0.200kg)(9.81m/s2) = 1.96N 

FgE = mg = (0.250kg)(9.81m/s2) = 2.45N 

 

2. Using the distance between photogates and average times for the different 

hanging weights in trials A-E, calculate each acceleration. Record these 

accelerations in Data Table 1. 

x = vit + 
1

2
at2 

a = 2x/t2  

aA = 2(0.7020m)/(2.890s)2 = 0.1681m/s2 

aB = 2(0.7020m)/(1.801s)2 = 0.4329m/s2 

aC = 2(0.7020m)/(1.341s)2 = 0.7807m/s2 

aD = 2(0.7020m)/(1.141s)2 = 1.078m/s2 

aE = 2(0.7020m)/(0.996s)2 = 1.42m/s2 

 

3. For Trials F-I, calculate the total mass of the system using the carts mass and the 

additional mass taped on top. Record these masses in Data Table 2. 

mF = 0.965kg + 0.100kg = 1.065kg 

mG = 0.965kg + 0.200kg = 1.165kg 

mH = 0.965kg + 0.500kg = 1.465kg 

mI = 0.965kg + 1.000kg = 1.965kg 

 

4. For Trials F-I, calculate the acceleration using the distance between photogates 

and average times for the different masses. Record these accelerations in Data 

Table 2. 

x = vit + 
1

2
at2 

a = 2x/t2  

aF = 2(0.7020m)/(1.178s)2 = 0.1681m/s2 

aG = 2(0.7020m)/(1.240s)2 = 0.4329m/s2 

aH = 2(0.7020m)/(1.388s)2 = 0.7807m/s2 

aI = 2(0.7020m)/(1.634s)2 = 1.078m/s2 

 

5. Using Data Table 1, graph the cart’s acceleration versus net force in Excel. What 

does this graph suggest about their relationship? 

The graph is linear, indicating a direct proportionality between 

acceleration and force. 
 

6. Using Data Table 2, graph the cart’s acceleration versus the mass of the entire 

system in Excel. What does this graph suggest about their relationship? 

The graph is exponential, indicating that acceleration and mass are not 

proportional. 
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7. Using Data Table 2, Graph the cart’s acceleration versus 1/(mass of system) in 

Excel. What does this graph suggest about their relationship? 

The graph is linear, indicating that acceleration and 1/mass are directly 

proportional. In other words, acceleration is inversely proportional to 

mass.  

 

Conclusion: 

 The purpose of this lab was to determine the relationship between the acceleration 

of a dynamics cart, the force used to accelerate that cart, and the mass of the system 

including the cart. The hypothesis was supported since the acceleration of a dynamics 

cart was found to be directly proportional to the net force on the system and inversely 

proportional to the mass of the system. The key to this lab was to ensure that only one 

variable was being tested at a time. It makes sense that, as the force on any object 

increases, that the acceleration would also increase. Similarly, it makes sense that as the 

mass of an object increases, its inertia would also increase, and therefore its acceleration 

would decrease. These observations can be put together to form the equation, a = ∑F/m, 

otherwise known as Newton’s Second Law. One source of experimental error for this lab 

is friction. The friction between the string and wheels of the dynamics cart with the 

wooden board likely decreased the force on the dynamics cart, and therefore its 

acceleration.   
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty, 

Abby Wilson 

Course: AP Physics C Mechanics 

Instructor: Coach McKellips 

Period: 4 

 

AP Lab #7- Coefficients of Friction 

 

Purpose/Problem: To determine the static and kinetic coefficients of friction for hooked 

metal blocks on a ramp 

 

Materials: two hooked metal blocks, an electronic balance, a wooden ramp, LabQuest2, 

dual-range force sensor, Vernier connector cable 

 

Experimental Design & Procedure: 

1. First, use an electronic balance to mass each metal block. Record the mass of one 

in Data Table A, and the combined mass of both in Data Table B. 

2. Set up the materials as seen in the diagram below.  

 

 

 

 

 

3. Set the range on the Dual-Range Force Sensor to 10-N, and power on the 

LabQuest2.  

4. Connect the Force Sensor to Channel 1 of the LabQuest2. The LabQuest2 will 

auto-identify the force sensor and load a default data-collection setup. 

5. Use the loop accessory to hook the metal block to the force sensor. Set everything 

down and make sure there is not tension in the hook to zero the force sensor. 

While in live data taking mode where the icon on the left looks like a gauge, tap 

the red data collection area and chose zero. 

6. Start by tapping the icon that looks like a graph to launch the graphing 

application. One lab partner will click the green “Go” arrow to start collecting 

force data. Another lab partner will pull horizontally against the motion detector 

with a very small, gentle, and gradual force until the block starts to slide at a 

constant velocity. It should take a second or two before this velocity is reached.  

7. Examine the data by clicking Statistics. The maximum value of the force occurs 

when the block started to slide. This value is the maximum force of static friction 

from the box. 

8. Next, drag across the region of the graph corresponding to the block moving at a 

constant velocity. Click Statistics again and read the average, or mean, force 

during that time interval. This force is the magnitude of the kinetic frictional 

force. 

9. Repeat Steps 6-8 five times, recording the maximum and mean values in Data 

Table A below.  

LabQuest2 
Connector Cable Force Sensor 

Hooked Metal Block 
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10. Now, place the second block on top of the first block. Repeat Steps 6-9, once

again recording maximum and mean values in Data Table B below.

Observations & Data:  

Data Table A (one block) 

Trial Mass of Block (kg) Maximum Force (N) Mean Force (N) 

1 0.273 0.535 0.483 

2 0.273 0.725 0.563 

3 0.273 0.627 0.519 

4 0.273 0.607 0.492 

5 0.273 0.653 0.515 

Average: 0.273 0.629 0.514 

Data Table B (two blocks) 

Trial Mass of Blocks (kg) Maximum Force (N) Mean Force (N) 

1 0.546 0.933 0.879 

2 0.546 0.907 0.855 

3 0.546 0.914 0.883 

4 0.546 0.959 0.750 

5 0.546 1.181 1.016 

Average: 0.546 0.979 0.877 

Analysis: 

1. Looking at the data above, generally, how does the mean force (which represents

the force of kinetic friction) compare to the maximum force (which represents the

force of static friction)? What does this suggest?

The mean force if generally lower than the maximum force, indicating that 

the force of kinetic friction is less than the force of static friction.  

2. Looking at the data above, generally, how do the maximum and mean forces for

one block compare to those for two blocks? What does this indicate?

The maximum and mean values for two blocks is greater than for one 

block. This means that two blocks must require a greater force to start 

moving, and stay moving in the presence of friction. 

3. Using the maximum values, calculate the coefficient of static friction for both one

block, and the two blocks. 

FFr = µsFN, FFr = Fpull = Fpullmax, FN =FG = mg 

µs = FFr/FN

µs = Fpull/FG

µs = Fpullmax/mg 

µsA = FmaxA/mAg = (0.629N)/[(0.273kg)(9.81m/s2) = 0.235 

µsB = FmaxB/mBg = (0.979N)/[(0.546kg)(9.81m/s2) = 0.183 

FN

FG

FFrFpull
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4. Using the mean values, calculate the coefficient of kinetic friction for both one 

block, and the two blocks.  

FFr = µkFN, FFr = Fpull = Fpullmean, FN =FG = mg 

µk = FFr/FN 

µk = Fpull/FG 

µk = Fpullmean/mg 

µkA = FmeanA/mAg = (0.514N)/[(0.273kg)(9.81m/s2) = 0.192 

µkB = FmeanB/mBg = (0.877N)/[(0.546kg)(9.81m/s2) = 0.164 

 

5. How do the coefficients compare? 

The coefficients for static friction were greater than the coefficients for 

kinetic friction. In addition, the static and kinetic coefficients were less for 

two blocks than for one.  

 

Conclusion: 

 The purpose of this lab was to determine the static and kinetic coefficients of 

friction for hooked metal blocks on a ramp. To summarize results, it was found that the 

coefficient of static friction was greater than the coefficient of kinetic friction, regardless 

of mass. Furthermore, the static and kinetic coefficients were greater for two blocks than 

one. This makes sense because () 

Moreover, in the real world, the fact that the force of static friction is greater than that of 

kinetic friction means that it is harder get an object moving than it is to keep an object 

moving. This tendency to resist acceleration is known as inertia.  

 

Experimental error may have arisen due to the uneven smoothness of the wooden board. 

If the blocks were pulled from a smooth patch of wood to a rougher patch, the pull or 

frictional force would appear to have increased. That increased force would result in a 

greater coefficient of friction.  

FN 

FG 

FFr Fpull 
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty 

Course: AP Physics C Mechanics 

Instructor: Coach McKellips 

Period: 4 

 

AP Lab #8- Determination of an Unknown Mass 

 

Purpose/Problem: To determine the unknown mass of a metal cube 

 

Hypothesis: The mass of the metal cube will be found to be 272g. 

 

Materials: a metal cube, 100g, hooked mass, ring stand, pendulum clamp, string, pulley, 

stopwatch, and meter stick 

 

Experimental Design & Procedure: 

1. Using the provided materials, set up an Atwood machine as shown below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

2. The pulley should be hanging off the ring stand over the floor so that the metal 

cube falls exactly one meter when released. Attach the cube of unknown mass to 

one end of the string. 

3. Next, attach the 100g weight to the other end of the string. Use the meter stick to 

measure one meter from the bottom of the hooked mass at the top of its path to 

the bottom of the hooked mass when resting on a book on the floor. Feed the 

string through the pulley until the 100g weight is touching the book.  

4. One partner will let go of the string, allowing the metal cube to fall onto the book 

and the hooked mass to rise. This partner will start the stopwatch as soon as the 

string is let go of, and stop the stopwatch as soon as the metal cube reaches the 

book. The other partner will reset the system.  

5. Repeat Step 4 with the 100g mass five times, recording each time it takes for the 

metal cube to fall, along with the average time, in the data table below.  

6. When five trials with the 100g mass have been completed, switch it out for the 

200g mass. Remeasure one meter from the bottom of the 200g mass. Repeat Step 

4 five more times, recording each time and the average in the data table below.  

∆x = 1m 

m1 

m2 

Ring Stand 

Heavier Mass 

Lighter Mass 

Pulley 

Book on Floor 
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7. Lastly, when five trials with the 200g mass have been completed, hook the 100g 

mass to the 200g mass already on the string. Remeasure one meter from the 

bottom of the 100g mass. Repeat Step 4 for five trials, recording times in the data 

table below. 

 

Observations & Data:  
Mass (kg) Time Trial 1 

(s) 

Time Trial 2 

(s) 

Time Trial 3 

(s) 

Time Trial 4 

(s) 

Time Trial 5 

(s) 

Average 

Time (s) 

0.100kg 0.60 0.73 0.67 0.67 0.67 0.67 

0.200kg 1.25 1.20 1.26 1.26 1.25 1.24 

0.300kg 2.75 2.88 2.76 2.76 2.75 2.78 

 

Analysis: 

1. Draw a free body diagram for the two masses in the Atwood machine. Utilize 

Newton’s second law to write sum of the force equations to accompany the 

diagrams. Isolate the force of tension. 

 

 

 

 

 

 

∑F = ma     ∑F = ma 

∑Fy = Fg2 – FT = –m2ay   ∑Fy = Fg1 – FT = m1ay 

m2g – FT = –m2a    m1g – FT = m1a 

 FT = m2g + m2a    FT = m1g – m1a 

 

2. Solve the equations found in analysis question 1 for m1 in terms of m2, g, t, and 

∆x. 

m2g + m2a = m1g – m1a    ∆x = vi∆t + (1/2)a∆t2  

  m2(g + a) = m1(g – a)    a = 2∆x/∆t2 

  m1 = m2(g + a)/(g – a) 

  m1 = m2(g + 2∆x/∆t2)/(g – 2∆x/∆t2) 

 

3. Using the values from the data table and procedure above, calculate the mass of 

the cube for each of the three hanging weights. 

100g Hanging Weight: 

 m1 = m2(g + 2∆x/∆t2)/(g – 2∆x/∆t2) 

      = (0.100kg)[9.81m/s2 + 2(1.00m)/(0.67s)2]/[9.81m/s2 – 2(1.00m)/(0.67s)2] 

      = 0.27kg 

 

200g Hanging Weight: 

 m1 = m2(g + 2∆x/∆t2)/(g – 2∆x/∆t2) 

      = (0.200kg)[9.81m/s2 + 2(1.00m)/(1.24s)2]/[9.81m/s2 – 2(1.00m)/(1.24s)2] 

       = 0.261kg 

 

 

m1 

FT 

Fgc 

m2 

FT 

Fg2 

+y 

0 
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300g Hanging Weight: 

 m2 = m1(g – 2∆x/∆t2)/(g + 2∆x/∆t2) 

      = (0.300kg)[9.81m/s2 – 2(1.00m)/(2.78s)2]/[9.81m/s2 + 2(1.00m)/(2.78s)2] 

      = 0.285kg 

 

4. Compare the actual mass of the cube to the average value found in lab using a 

percent difference calculation.  
average mass = (m1 + m2 + m3)/3 = (0.27kg + 0.261kg + 0.285kg)/3 = 0.27kg 

 

% Difference = |mcalculated – mactual| × 100% 

mactual 

                    = |(0.27kg) – (0.272kg)| × 100% 

    0.272kg  

          = 0.74% 

 

 

Conclusion: 

 The purpose of this lab was to determine the unknown mass of a metal cube. It 

was hypothesized that the mass of the metal cube would equal 272g. The hypothesis was 

supported as the cube was experimentally found to be 0.27kg. Use of the Atwood 

machine made sense in this lab because pulleys redirect forces, so the acceleration and 

force of tension in the string are (almost) equal on both sides of the pulley. Therefore, 

that force and acceleration do not have to be measured, making for easier calculations. 

The 0.74% difference may have arisen from the fact that a massless, frictionless pulley 

cannot be obtained. Any pulley will have at least some mass, and its axles will always 

have some friction. This unavoidable friction and mass results in inertia from the pulley 

and additional torque that resists acceleration, slowing down the string. That decreased 

acceleration would have increased the measured times, and ultimately decreased the 

calculated mass.    
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Name: Connor Humiston 

Lab Partners: Nate MacDonald, 

Katelyn Treese 

Course: AP Physics C Mechanics 

Instructor: Coach McKellips 

Period: 4 

 

AP Lab #9- The Turning Point (Conservation of Mechanical Energy) 

 

Purpose/Problem: To find the minimum distance, D, for which a pendulum string will 

remain taut as the pendulum bob passes through Point S (see below for the definitions of 

"D" and "S") 

 

Prediction: Based on the following derivation, the ratio of D to the total length of the 

pendulum, L, will be D = 
3

5
L = 0.6L. 

 

 Let down be +y in the diagram after procedure step #2. 

∑Fstopper = Fg + FT = mac     Ei = Ff 

        mg = m(v2/r)             ∆Ui = ∆Uf  + Kf 

         gR = v2                    mgL = mg(2R) + 
1

2
mvf

2 

                 gL = 2gR + 
1

2
gR 

         L = 
5

2
R 

         L = 
5

2
(L – D) 

         D = 
3

5
L 

 

Materials: Ring stand, C-clamp, two pendulum clamps, string, rubber stopper 

 

Experimental Design & Procedure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 C-clamp to Table 

Pendulum Clamp #2 & Point 

"P" 

Pendulum Clamp #1 

Rubber Stopper 

Ring Stand 
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1. Fix the ring stand to the lab table with a C-clamp as shown one the previous page. 

Attach Pendulum Clamp #1 to the top of the vertical rod on the ring stand, and  

Pendulum Clamp #2 near the base. Remove the clips from Clamp #2 so they do 

not get in the way of the experiment. Tie a rubber stopper to the string, and the 

string to Pendulum Clamp #1 using the clips provided.  

2. Hold the pendulum bob so that the string is horizontal as shown in the diagram 

below. The bob will have to be held at a slight angle from the perpendicular to 

Clamp #1 so that the bob does not run into its string at Point S. 1 Release the 

pendulum bob, allowing it to move in a circular arc of length L as it descends. 

When the bob passes through its lowest point, the pendulum string will encounter 

Point P at the bottom of Clamp #2. This point is located a distance D below 

where the string is attached to Clamp #1, which is designated as Point O in the 

diagram below. The bob continues its motion, but in an arc of reduced radius R. 

The bob performs a circular arc, passing above Point P to Point S.  

 
3. Predict the position where the lower pendulum clamp must be placed so that the 

bob rotates about the lower clamp and just barely keeps the string taut at Point S, 

showing the algebraic derivation and calculation for this prediction in the 

“Prediction” section of the lab. 

4. Place Clamp #2 at the predicted distance, again releasing the bob from the 

horizontal position as indicated above, and see if the bob follows the desired path 

where the string remains taut at Point S. If it does not, adjust the position of 

Clamp #2 to obtain the desired path. Even if the bob does follow the desired path, 

move Clamp #2 until it is clearly at precisely at the location for the minimum 

distance D for which that path occurs. An easy way to do this is to begin with 

Clamp #2 a distance of approximately L below the bottom of Clamp #1, then 

decrease D in small increments until the bob just barely revolves around Clamp 

R 

O 

S 

m 
L 

D 

Path of the 

pendulum 
P 
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#2 with the string taut. The amount by which D is decreased each trial should be 

just a few millimeters. 

5. Repeat the experiment for a range of values of L, completing at least six trials 

starting from 80 centimeters and decreasing by 10 each trial to 30 centimeters. 

Record the D values that make the string taut at Point S for each length.  

 

Observations & Data: 

Length L (m) Distance D (m) 

0.8000 0.4437 

0.7000 0.3959 

0.6000 0.3420 

0.5000 0.2759 

0.4000 0.2278 

0.3000 0.1715 

 

Analysis: 

1. Graph D vs. L with pencil and paper, and calculate its slope.  

∆y     ∆D     D2 – D1    (0.3750m – 0.1875m) 

∆x     ∆L      L2 – L1    (0.6667m – 0.3333m) 

 

2. Compare the slope found in lab to the expected slope using a percent difference 

calculation. 

% Difference = |mcalculated – mexpected| × 100% 

mexpected 

                               = |(0.5624) – (0.6000)| × 100% 

    0.6000  

                     = 6.267% 

 

Conclusion: 

 The purpose of this lab was to find the minimum distance, D, for which a 

pendulum string will remain taut as the pendulum bob passes through Point S, as 

illustrated above. The prediction that the minimum distance at which the pendulum 

would remain taught would be 3/5 the length of the pendulum string was supported with 

only a 6.267% difference. The technique used makes sense because a graph can be used 

to determine the relationship between two values. D = 0.6L is analogous to y = mx, 

where D is the y value and L is the x value. The difference between calculated and 

expected slopes may have arisen from experimental error, such as the z component of the 

swing when it was dropped somewhat sideways from perpendicular to Clamp #1 to avoid 

a string and bob collision.  

m =        =        =              =                                      = 0.5624 
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 Name: Connor Humiston 

Lab Partners: Nate MacDonald,  

   Katelyn Treese  

Course: AP Physics C: Mechanics 

Instructor: Coach McKellips 

 Period: 4 

 

Lab #10- Impulse and Momentum 

 

Purpose/Problem: To determine how the area under a force versus time curve during the elastic 

collision of a dynamics cart with a force sensor compares with the change in momentum of the 

cart 

 

Hypothesis: The area under a force versus time graph will equal the change in momentum. 

 

Materials: Vernier dual-range force sensor, Vernier motion detector, ring stand, C-clamp, 

Vernier LabQuest 2, set of hooked masses, dynamics cart with spring plunger, and electronic 

balance. 

 

Experimental Design & Procedure: 

1. Set up the equipment as seen below.  

 

 

 

 

 

 

 

 

 

 

 

 

2. Connect the dual range force sensor to the ring stand. Secure the ring stand to the table 

with a C-clamp. Slide the force sensor down the ring stand and tighten the screw. Also, 

be sure to use the force sensor’s rubber bumper instead of the hook. Set the motion 

detector behind the dynamics cart. 

3. Connect force sensor and motion detector to the LabQuest 2. It will initially display both 

force versus time and position versus time graphs. The default sampling size for the force 

sensor needs to be changed from 50 samples per second to 500 samples per second for 

the collision’s small time to be measured more accurately. From the Meter menu of the 

LabQuest 2, set the sample rate of the force sensor to 500 samples per second. This will 

make the resulting graphs slower to appear, but they will include more relevantly 

sampled data. 

4. Now that everything is set up, mass the dynamics cart using an electronic balance and 

record that mass in the data table below. 

Dynamics Cart 

Ring Stand 

Force Sensor 
C-clamp Motion Detector 

LabQuest 2 +x 
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5. Set the cart about half a meter from the force–close enough so that the cart’s plunger can 

easily be lined up with the bumper on the force sensor. Set the force sensor to 10N. Zero 

the force sensor before each trial. 

6. When the plunger and bumper are lines up, press the green triangle “Go” arrow on the 

LabQuest 2 and push the cart toward the force sensor and away from the motion detector, 

making sure to keep any hands out of the way of the motion detector so as not to skew 

results. Do not make the collisions overly forceful. Stop the LabQuest 2 a second or two 

after the collision. 

7. Find the area under the force versus time curve by tapping and dragging over the relevant 

part of the graph, and pressing “Integral” from the “Analyze” drop-down menu. Record 

the area in the data table below.  

8. Find the slope of the velocity immediately before and after the collision by again 

highlighting the parts of the graph right before and after the collision, pressing 

“Analyze,” then “Curve Fit,” “Velocity,” and finally “Linear.” Record these velocities in 

the data table below. 

9. Complete 7 trials. 

 

Data: 

 Integral of Force vs. 

Time Graph (N∙s) 

Initial Slope of 

Position vs. Time 

(m/s) [right] 

Final Slope of 

Position vs. Time 

(m/s) [left] 

Mass of 

Cart 

(kg) 

Momentum 

(kg∙m/s) 

Trial 1 0.8521 -0.4441 0.3716 0.908 0.741 

Trial 2 1.1505 -0.6154 0.4795 0.908 0.994 

Trial 3 1.3043 -0.7154 0.5434 0.908 1.14 

Trial 4 1.3388 -0.7215 0.6646 0.908 1.26 

Trial 5 1.3075 -0.7238 0.5412 0.908 1.15 

Trial 6 1.3500 -0.7680 0.5583 0.908 1.20 

Trial 7 1.4153 -0.8001 0.6646 0.908 1.33 

 

Analysis: 

1. Using the velocities from the data table above, calculate the cart’s momentum in each 

trial. Record these values in the data table above. 

p⃑  = m∆v⃑  = m(v⃑ f – v⃑ i) 

p⃑ 1 = mv⃑ 1f = (0.908kg)[0.3716m/s – (-0.4441m/s)] = 0.741 kg∙m/s 

p⃑ 2 = mv⃑ 2f = (0.908kg)[0.4795m/s – (-0.6154m/s)] = 0.994 kg∙m/s 

p⃑ 3 = mv⃑ 3f = (0.908kg)[0.5434m/s – (-0.7154m/s)] = 1.14 kg∙m/s 

p⃑ 4 = mv⃑ 4f = (0.908kg)[0.6646m/s – (-0.7215m/s)] = 1.26 kg∙m/s 

p⃑ 5 = mv⃑ 5f = (0.908kg)[0.5412m/s – (-0.7238m/s)] = 1.15 kg∙m/s 

p⃑ 6 = mv⃑ 5f = (0.908kg)[0.5583m/s – (-0.7680m/s)] = 1.20 kg∙m/s 

p⃑ 7 = mv⃑ 5f = (0.908kg)[0.6646m/s – (-0.8001m/s)] = 1.33 kg∙m/s 

 

2. Compare the integral of the force versus time graph to the calculated momentums for 

each trial. Also calculate the average percent difference. 

 % Difference = |pcalculated – AFvs.T| × 100% 

               AFvs.T 
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D1 = |0.741 kg∙m/s – 0.8521 N∙s | × 100% = 13.0% 

            0.8521 N∙s 

D2 = |0.994 kg∙m/s – 1.1505 N∙s | × 100% = 13.6% 

            1.1505 N∙s 

D3 = |1.14 kg∙m/s – 1.3043 N∙s | × 100% = 12.6% 

            1.3043 N∙s 

D4 = |1.26 kg∙m/s – 1.3388 N∙s | × 100% = 5.89% 

            1.3388 N∙s 

D5 = |1.15 kg∙m/s – 1.3075 N∙s | × 100% = 12.0% 

            1.3075 N∙s 

D6 = |1.20 kg∙m/s – 1.3500 N∙s | × 100% = 11.1% 

            1.3500 N∙s 

D7 = |1.33 kg∙m/s – 1.4153 N∙s | × 100% = 6.03% 

            1.4153 N∙s 

Dave = (13.0% + 13.6% + 12.6% + 5.89% + 12.0% + 11.1% + 6.03%)/7 = 10.6% 

 

Conclusion:  

 The purpose of this lab was to determine how the area under a force versus time curve 

during the elastic collision of a dynamics cart with a force sensor compares with the change in 

momentum of the cart. It was hypothesized that the area under a force versus time graph would 

be equal to the change in momentum. This hypothesis was supported because the integral of 

force versus time graphs, otherwise known as impulse, calculated by the LabQuest 2 were only 

10.6% different from the momentums. This makes sense because the area under a force versus 

time graph is Newtons times seconds, or kg∙m/s while the units for momentum are mass times 

change in velocity, or kg∙m/s. Thus, Ft must equal mv in a collision, or in other words, 

impulse must equal the change in momentum. The 10.6% difference was likely due to 

experimental error, such as the internal friction of the plunger. Energy was likely lost from the 

system as the plunger scraped along the inside of the dynamics cart. This would have made the 

velocity after the collision less than before, decreasing the calculated momentum. 
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 Name: Connor Humiston 

Lab Partners: Nate MacDonald,  

   Katelyn Treese  

Course: AP Physics C: Mechanics 

Instructor: Coach McKellips 

 Period: 4 

 

Lab #11- Conservation of Momentum 

 

Purpose/Problem: To investigate whether the linear momentum of a system is conserved after 

the action of a spring mechanism 

 

Hypothesis: If two carts of unequal mass are held together and then released, the final 

momentum of the system will be equal to the initial momentum of the system. 

 

Materials: Two dynamics carts (one with a spring mechanism), two ring stands, two rod clamps, 

two wood blocks, two Vernier photogates, Vernier LabQuest 2, electronic mass balance, tape, 

and a ruler 

 

Experimental Design & Procedure: 

1. Set up the equipment as seen below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Set the carts on the center of the table and mark their positions when the plunger is 

compressed between them on the table using tape. 

3. Attach the two photogates to the ring stands and connect them to the LabQuest 2. Adjust 

the ring stands so that the photogates are triggered as soon as the carts are released from 

the compression of the plunger between them. Slide the wooden blocks between the 

metal slots on each dynamics cart. These will be used as photogate blockers. 

4. Using a ruler, measure the length of the blocks and record this length in the data section 

below. Mass each cart using an electronic balance, and record these values in the data 

section as well. 

5. Turn on the LabQuest 2, and change the photogate mode by selecting “Mode” then 

“Gate” from the first drop-down menu. Gate timing begins when the photogate is first 

Photogate 

Wood Block 

Dynamics Cart 

Ring Stand 

LabQuest 2 

x 

m1 m2 
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0 

0 

blocked and continues until the gate is unblocked. Change the default setting in the 

“Length of Object” field to the wooden block length found earlier.  

6. Now, once all the equipment is set up, push the two carts together to the designated 

marking on the table, press the green “Go” button on the LabQuest 2, and release the 

carts, making sure to stop them before they fly off the table. Record the velocities 

provided by the LabQuest 2 for each cart along with the average velocity for each cart, 

making sure to keep track of which photogate is which.  

7. Repeat step #6 eight more times.  

 

Data: 

 x = 0.2727m 

 m1 = 1.242kg 

 m2 = 1.267kg 

Trial Velocity for Cart 1 (m/s) Velocity for Cart 2 (m/s) 

1 0.538 0.412 

2 0.509 0.358 

3 0.531 0.476 

4 0.558 0.551 

5 0.596 0.484 

6 0.603 0.444 

7 0.587 0.438 

8 0.542 0.376 

Average: 0.558 0.442 

 

Analysis: 

1. Using the velocities from above, calculate the momentum for Cart 1 in each trial. Record 

the results in the chart above. 

p⃑ 1 = m1∆v⃑  = m1(v⃑ f1 – v⃑ i1) = m1v⃑ f1  

    = (1.242kg)(0.558m/s [left]) = 0.693 kg·m/s [left] 

 

2. Using the velocities from above, calculate the momentum for Cart 2 in each trial. Record 

the results in the chart above. 

 p⃑ 2 = m2∆v⃑  = m2(v⃑ f2 – v⃑ i2) = m2v⃑ f2  

        = (1.267kg)(0.442m/s [left]) = 0.560 kg·m/s [left] 

 

3. Compare the velocities calculated above with a percent difference calculation. 

 % Difference = |p2 – p1| × 100% 

          p1 

            = |0.693kg·m/s – 0.560kg·m/s| × 100% 

                   0.560kg·m/s 

            = 23.8% 

 

Conclusion:  

 The purpose of this lab was to investigate whether the linear momentum of a system is 

conserved after the action of a spring mechanism. It was hypothesized that if two carts of 

unequal mass are held together and then released, the final momentum of the system would be 

0 

0 
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equal to the initial momentum of the system. The magnitude of the final momentum of Cart 1 

was found to be 0.693 kg·m/s and Cart 2 was found to be 0.50 kg·m/s, being only 23.8% 

different. These are expected to be essentially the same, indicating that momentum was 

conserved. The carts also traveled in opposite directions which would add up to zero since 

momentum is a vector quantity. Experimental error could have from the internal friction of the 

plunger. That friction would have resulted in a loss of energy from the system and decreased the 

push on Cart 2, ultimately resulting in a smaller velocity and a momentum further from that of 

Cart 1. 
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 Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

   Ryan Wilson  

Course: AP Physics C: Mechanics 

Instructor: Coach McKellips 

 Period: 4 

 

Lab #12- Determination of Tangential Speed 

 

Purpose/Problem: To determine the tangential speed of an object that is uniformly moving in a 

circular path without using a timing or massing device 

 

Materials: Meterstick, rubber stopper, string, acrylic handle tube, marker alligator clip, washer 

bunch, paper clip, and tape 

 

Experimental Design & Procedure: 

1. Begin by putting on safety goggles because safety comes first. Also, avoid hitting anyone 

with the swinging stopper, especially if experimenting in a busy D’Evelyn hallway. 

2. Then loop the string through the acrylic handle tube. Tie the stopper to one end of the 

string and the washer bunch to the other. One lab partner will basically swing the rubber 

stopper in a circle above their head. Another lab partner will be in charge of timing, and 

the third will be in charge of keeping track of data. The basic set up is pictured below.  

 

 

 

 

 

 

 

 

 

 

3. Begin by measuring the height of the acrylic tube and recording this height in the Data 

section below. 

4. The alligator clip will be moved for each trial. Experiment with different lengths from the 

washers so that when the rubber stopper is swinging, its circular path of motion is in line 

with the bottom of the tube. It is crucial that it forms a right angle for each of the different 

lengths. Use the masking tape to mark a nearby wall and monitor the stopper as it goes by 

every time, making sure it is consistent and maintains the right angle.  

5. When a length is chosen, attach the alligator clip at that location. As the rubber stopper is 

swung faster, the washers and clip will move up the tube. The goal is to find the perfect 

speed where the clip is not quite touching the tube so it can be ensured that the velocity 

does not change during the timing period.  

6. Start testing by swinging the rubber stopper. Once the rubber stopper is at the right speed 

where the alligator clip is balanced just below the tube, the partner with the timer will 

start timing as it passes by them. Count 10 times of the stopper passing by again, and 

Ө 

Acrylic Handle Tube 

Washers 

Rubber Stopper 

Alligator Clip 

htube 

r 
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record this time in the data table below. Divide this time by 10 and record it in the data 

table as well. 

7. Next, stop the swinging and record the length, denoted ℓ in the picture above, from the 

stopper’s center of mass to the end of the acrylic tube as it is pressed against the alligator 

clip in the data table below.  

8. Complete five more trials, moving the alligator clip a different length from the washers 

each time. 

 

Observations & Data: 

 htube = 0.1428m 

 

 

 

 

 

 

 

 

 

Analysis: 

1. After creating a free body diagram for both the stopper and the washers referencing the 

setup diagram above, derive and equation for tangential velocity in terms of g, r, and htube. 

 

 

 

 

 

 

 

 

 

 ∑Fwashers = FT - Fgw = ma ∑Fstopper,x = FTx = msasx ∑Fstopper,y = FTy – Fgs = may  

          FT = Fgw      FTcosӨ = ms(v
2/r)      FTsinӨ = msg 

          FT = Fgw      FTcosӨ = ms(v
2/ℓcosӨ)     FTsinӨ = msg 

           

   FTcosӨ = ms(v
2/ℓcosӨ) 

   FTsinӨ = msg 

   

              cotӨ = v2/ℓg(cosӨ) 

    

    v = √ℓg(cosӨ)(cotӨ) 

    v = √ℓg(r/h)(r/ℓ) 

    v = √gr2/h 

  

 

 

 Length (ℓ) in 

meters 

Time for 10 

revolutions (s) 

Period (T) for one 

Revolution (s) 

Trial 1 0.3439 6.73 0.673 

Trial 2 0.3793 7.72 0.772 

Trial 3 0.4431 8.27 0.827 

Trial 4 0.4552 8.00 0.800 

Trial 5 0.6285 9.29 0.929 

Trial 6 0.6421 9.19 0.919 

Stopper Washers 

Fgw 

FT 

FT 

Fgs 

0 

x 

y 

0 

Ө 
FTy 

FTx 
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2. Using the lengths, find the tangential velocity for each trial after deriving a general 

equation. 

 

 

 

 

 

 

     ℓ2 = r2 + h2 

     r = √ℓ2 − h2 

 

    v = √g𝑟2/h = √g(ℓ2 − h2)/h 

 

Trial 1: v1 = √g(ℓ2 − h2)/h = √(9.81
m

𝑠2
) [(0.3439m)2 − (0.1428m)2]/(0.1428m)  

 = 2.59m/s 

Trial 2: v2 = √g(ℓ2 − h2)/h = √(9.81
m

𝑠2
) [(0.3793m)2 − (0.1428m)2]/(0.1428m)  

 = 2.91m/s 

Trial 3: v3 = √g(ℓ2 − h2)/h = √(9.81
m

𝑠2
) [(0.4431m)2 − (0.1428m)2]/(0.1428m)  

 = 3.48m/s 

Trial 4: v4 = √g(ℓ2 − h2)/h = √(9.81
m

𝑠2
) [(0.4552m)2 − (0.1428m)2]/(0.1428m)  

 = 3.58m/s  

Trial 5: v5 = √g(ℓ2 − h2)/h = √(9.81
m

𝑠2
) [(0.6285m)2 − (0.1428m)2]/(0.1428m)  

 = 5.07m/s 

Trial 6: v6 = √g(ℓ2 − h2)/h = √(9.81
m

𝑠2
) [(0.6421m)2 − (0.1428m)2]/(0.1428m)  

 = 5.19m/s 

 

3. Using the measured revolution times, calculate the tangential velocity for each trial. 

 

v = 2πr/T = 2π√(ℓ2 − h2)/T 

 

Trial 1: v1 = 2π√(ℓ2 − h2)/T1 = 2π√((0.3439)2 − (0.1428)2)/0.673s = 2.92m/s 

Trial 2: v2 = 2π√(ℓ2 − h2)/T2 = 2π√((0.3793)2 − (0.1428)2)/0.772s = 2.86m/s 

Trial 3: v3 = 2π√(ℓ2 − h2)/T3 = 2π√((0.4431)2 − (0.1428)2)/0.827s = 3.19m/s 

Trial 4: v4 = 2π√(ℓ2 − h2)/T4 = 2π√((0.4552)2 − (0.1428)2)/0.800s = 3.39m/s 

Trial 5: v5 = 2π√(ℓ2 − h2)/T5 = 2π√((0.6285)2 − (0.1428)2)/0.929s = 4.14m/s 

Trial 6: v6 = 2π√(ℓ2 − h2)/T6 = 2π√((0.6421)2 − (0.1428)2)/0.919s = 4.28m/s 

 

r 

htube 

40

Con
nor

 Humisto
n



4. Lastly, compare the velocities from Analysis #2 and Analysis #3 with a percent 

difference calculation. 

 

 % Difference = |vwithoutT – vwithT| × 100% 

              vwithT 

 

      D1  = |2.59m/s – 2.92m/s| × 100% = 11.3% 

              2.92m/s 

      D2  = |2.91m/s – 2.86m/s| × 100% = 1.75% 

              2.86m/s 

      D3  = |3.48m/s – 3.19m/s| × 100% = 9.10% 

              3.19m/s 

      D4  = |3.58m/s – 3.39m/s| × 100% = 5.60% 

              3.39m/s 

      D5  = |5.07m/s – 4.14m/s| × 100% = 22.5% 

              4.14m/s 

      D6  = |5.19m/s – 4.28m/s| × 100% = 21.3% 

              4.28m/s 

 

Conclusion:  

 The purpose of this lab was to determine the tangential speed of an object that was 

uniformly moving in a circular path without using a timing or massing device. The results are 

summarized above. It was found that, as the radius increased, the tangential velocity also 

increased, which makes sense because as the circumference of the stopper path increases, the 

velocity will have to increase in order to maintain the right angle found in the set up diagram. 

The velocities found with solely the radius and height were as low as 1.75% different from the 

tangential velocities calculated with the period. Thus, with the percent difference between the 

trusted and tested values being so low, the equation vt = √g𝑟2/h is just as valid for finding 

tangential velocity as the traditional equation v = 2πr/T. The difference in velocities by the two 

methods was likely due to experimental error. For example, obtaining a right angle where the 

stopper and the bottom of the acrylic tube are exactly aligned is simply impossible. This means 

that the angles seen in analysis one cannot be exactly converted into the adjacent over 

hypotenuse and opposites, ultimately resulting in slightly different values. Furthermore, the fact 

that the alligator clip was slightly below the bottom of the acrylic tube in order to ensure it was 

not being pushed against the tube and having no acceleration inevitably leads to error. The 

measured length of the string would be reported as longer than the actual length of the string, 

resulting in larger velocities.  
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 Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

   Ryan Wilson  

Course: AP Physics C: Mechanics 

Instructor: Coach McKellips 

 Period: 4 

 

Lab #13- Dowel Roll 

 

Purpose/Problem: To determine the linear speed of s dowel at the bottom of a ramp after it has 

rolled down the ramp (using only a meter stick and masking tape) 

 

Materials: Meterstick, masking tape, white board ramp, dowel, wood block, video recording 

device 

 

Prediction: The velocity at the bottom of the ramp will equal √4gh/3. 

 

 ΔE = 0 

 ΔUg + ΔK + ΔKrot = 0 

 mgΔh = –(Kf – Ki) – (Kf,rot – Ki,rot) 

 –mgΔh = Kf – Kf,rot 

 –mg(hf – hi) = 
1

2
mvf

2 + 
1

2
Iωf

2 

 I = 
1

2
MR2 for a solid cylinder about its axis of rotation 

 v = ωr, so ω = v/r 

 –mg(hf – hi) = 
1

2
mvf

2 + 
1

4
mr2(v/r)2 

 –mg(hf – hi) = 
3

4
mvf

2 

 let the bottom of the ramp’s height equal zero 

 ghi = 
3

4
vf

2 

 vf = √4gh/3 

 

 See Analysis #1 for a numerical value of vf 

 

Experimental Design & Procedure: 

1. Start by setting up the equipment as shone below. Tape the white board to the vertically 

standing wood block, and then to the table. Make sure the white board ends a few 

centimeters before the edge of the table so the dowel is not projected at an angle.  

 

 

 

 

 

 

 

 

Dowel 

Wood Block 

White Board Ramp 

Meter Stick 

Recording Device 

h 

Table 
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2. Measure the height of the ramp from the highest point on the white board, and record this 

height in the data section below. This will be the location where the dowel is released 

from.  

3. Next, measure the height of the table, and record this height in the data section as well. 

4. Now, place the ruler’s zero mark directly underneath the edge of the table, and tape it 

down.  

5. One lab partner will start recording slow-motion video of the expected dowel landing 

next to the ruler after another partner releases the dowel from the very top of the board. 

After the trial is complete, review the video recording and determine how far the dowel 

landed from the edge of the table where it fell. Record the distance from the dowel’s 

center of mass just as the it hits the ground in the data table below. 

6. Repeat step #5 six more times for a total of seven trials. Calculate the average distance 

after the seventh trial. 

 

Observations & Data: 

 hwhiteboard = 0.0956m 

 htable = 0.7600m 

 xtableToDowel (m)s2 

Trial 1 0.4200 

Trial 2 0.4301 

Trial 3 0.4285 

Trial 4 0.4461 

Trial 5 0.4240 

Trial 6 0.4130 

Trial 7 0.4233 

Average: 0.4264 

 

Analysis: 

1. Using the measured height of the ramp, calculate the velocity at the bottom of the ramp 

with the equation derived from the prediction. 

  

 vf = √4gh/3 = √4(9.81m/s2)(0.0956m)/3 = 1.12 m/s 

 

2. Derive an equation for the time it takes for the dowel to fall from the edge of the table to 

the ground with free fall kinematics. 

   

  y = vit + 
1

2
at2 

  t = √2∆y/a = √2∆y/g 

 

 

43

Con
nor

 Humisto
n



3. Now find the velocity in the x-direction for the entire dowel free fall using the average 

distance from the data table. This velocity will be the same as when the dowel left the 

table to when it reached the ground. 

   

  vave = x/t 

  v = x/√2∆y/g 

  v = (0.4264m)/√2(0.7600m)/9.81m/s2 = 1.08 m/s 

 

4. Compare the values found in Analysis questions #1 and #3. 

  

 % Difference = |vkinematics – vconservationOfEnergy| × 100% 

                vconservationOfEnergy 

               = |1.08m/s – 1.12m/s| × 100% 

     1.12m/s 

             = 3.57% 

 

Conclusion:  

 The purpose of this lab was to determine the linear speed of a dowel at the bottom of a 

ramp after it has rolled down the ramp using only a meter stick and masking tape. It was 

predicted using conservation of energy and taking into account the dowel’s spin that the velocity 

of the dowel at the bottom of the ramp would equal √4gh/3, with h being the height of the 

ramp. A comparison of this velocity, which was predicted to be 1.12m/s, to traditional 

kinematics calculations was found to be only 3.57% different, meaning they were essentially the 

same. This similarity illustrates how there are multiple ways to approach a problem. 

Furthermore, it is important to consider rotational kinetic energy or this difference would have 

been much greater. Experimental error could have arisen from the extra length between the ramp 

and the edge of the table necessary to stop the dowel from falling at an angle. This extra length 

likely resulted in different velocities because the kinematics section analyzed the velocity at the 

very edge of the table (and as it fell) while the conservation of energy prediction found the 

velocity at the very end of the ramp. The length between the end of the ramp and edge of the 

table is unavoidable and likely caused a loss in kinetic energy due to friction, decreasing the 

measured distance it traveled and ultimately the kinematics velocity.  
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Visual Examples: 
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 Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

   Ryan Wilson  

Course: AP Physics C: Mechanics 

Instructor: Coach McKellips 

 Period: 4 

 

Lab #14 – Toilet Paper Drop 

 

Purpose/Problem: Two toilet paper rolls are released from rest simultaneously above the 

ground. One roll will be dropped and allowed to freely fall a distance H. The other will be held 

by a sheet at the end so that it unrolls while falling distance h. Determine the ratio of H to h such 

that the rolls hit the round at the same time. 

 

Materials: centimeter tape measurer, toilet paper rolls, masking tape 

 

Prediction: The ratio of H to h will equal the ratio of g to the acceleration of the toilet paper’s 

center of mass, which will equal (r2 + 3R2)/2R2 

The toilet paper that free falls (Martin):  The toilet paper that unrolls (Carl): 

 

 

 

  

 

 

 

             H/h = ? 

  

With the equation Δy = viΔt + (1/2)aΔt2, it becomes clear that Δy is directly proportional  to the 

acceleration when the initial velocity is zero and the times are equal. So, H/h will  be the same 

ratio as g/atoiletpaper. It is assumed that air resistance and any change in radius is negligible. 

 

 ∑ =  a = r           ∑F = ma 

 FTR = 
1

2
m(r2 + R2)(a/r)          FT = Fg = ma 

 FT = 
1

2
m(r2 + R2)(a/R2)          FT = mg - ma 

         
1

2
m(r2 + R2)(a/R2)  = mg – ma 

         
1

2
 (r2 + R2)(a) = (g – a)R2 

         
1

2
 ar2 + 

3

2
aR2 = gR2 

         
1

2
a(r2 + 3R2) = gR2 

         a = 2gR2/(r2 + 3R2) 

         ∴g/a = (r2 + 3R2)/2R2           See Analysis #1 for a numerical value. 
 

H 

h 

R 

r 
Fg 

FT 
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Experimental Design & Procedure: 

1. With two toilet paper rolls in hand, measure the diameter of the toilet paper roll from 

edge to edge. Then measure the diameter of the middle cardboard piece. Record these 

values, after dividing by two, as the big radius (R) and small radius (r) in the data section 

below. keep one raveled and hold the other by its lose toilet paper end.  

2. For the sake of expediency, the toilet paper roll that will drop and remain rolled will be 

henceforth named Martin while the one that comes unraveled will take the name of Carl. 

The goal will be to drop Martin and Carl at different heights so that they reach the ground 

at the same time, with Carl traveling slower than Martin due to his upward force of 

tension. Locate a staircase with a railing so that Martin and Carl can be dropped from 

various heights for different trials.  

3. Begin by measuring the point on the railing one meter above the ground. This is where 

Martin will be dropped from. Carl will be unrolled from a point lower than Martin. One 

partner will drop. Before dropping Carl, another partner will measure each predicted 

height, h, that Carl is dropped from before he is actually dropped.  

4. Using a video recording device with slow-motion, the last partner will tell the other 

humans whether each height, h, is too high or too low based on when Martin and Carl 

reach the ground. The goal is that they reach the ground at the same time.  

5. Repeat dropping Carl at various heights until they reach the ground at the same time. 

When this height is finally found, record it in the data table below.  

6. Repeat this process for a total of six trials dropping Martin from 1.25m, 1.5m, 2.0m, 

2.5m, and 3.0m, and recording the ideal heights for Carl after each trial.  

 

Observations & Data: 

 R = 0.06755m 

 r = 0.0224m 

H (height of Martin in meters) h (height of Carl in meters) 

1.000 0.7000 

1.250 0.8730 

1.500 1.0531 

2.000 1.4498 

2.500 1.7244 

3.000 2.3517 

 

Analysis: 

1. Using the predicted equation and radii from above, calculate the expected ratio of 

g/atoiletaper that is essentially equivalent to H/h due to the aforementioned proportionalities 

when the times are the same. 

 

 g/a = (r2 + 3R2)/2R2 
        = [(0.0224m)2 + 3(0.06755m)2]/2(0.06755m)2 

        = 1.55 

 

2. Although H appears to be the independent variable, the purpose of this lab is to find the 

ratio of H/h, which is the slope of an H vs. h graph. Using pencil and paper, construct an 

H vs. h graph. What is that slope of the best fit line? 
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 h1 = 0.90m, h2 = 1.9m 

 H1 = 1.3m, H2 = 2.7m 

  

 slope = H/h = (H2 – H1)/(h2 – h1) = (2.7m – 1.3m)/(1.9m – 0.90m) = 1.4 

  

3. Compare the ratios found in Analysis #1 and #2 using a percent difference calculation.  

 % Difference = |ratiographed – ratiopredicted| × 100% 

                ratiopredicted 

               = |1.4 – 1.55| × 100% 

            1.55 

             = 9.7% 

 

Conclusion:  

 The purpose of this lab was to determine the ratio of they height H of a toilet paper roll 

that does not unravel to height h of a toilet paper roll that unrolls and is held at the end such that 

the rolls hit the round at the same time. This ratio was graphically found to be 1.4, which was 

only 9.7% different than the value predicted using rotational mechanics. This similarity reveals 

the correspondence between rotational mechanics and simple free fall acceleration. That 

difference may have been due to experimental error. First of all, drag force and the decrease of 

Carl’s radius were studiously ignored. But, the drag force of Martin would have been greater 

than that of Carl as Carl’s radius decreased. This would have slowed Martin’s fall, and resulted 

in a greater height determination than it should have been. Furthermore, it is simply impossible 

to continue readjusting the heights until the toilet paper rolls reach the ground at exactly the same 

time. This may have led to a greater height of Carl, and a smaller ratio than it should have been.   
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Visual Examples: 

What NOT to do:        Not Quite:  

 

 

 

 

 

 

 

 

 

 

 

 

What to do:          Good: 
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 Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

   Ryan Wilson  

Course: AP Physics C: Mechanics 

Instructor: Coach McKellips 

 Period: 4 

 

Lab #15- Determination of the Moment of Inertia of a PVC Apparatus 

 

Purpose/Problem: To determine the moment of inertia of a T-shaped PVC apparatus 

 

Materials: timer, box of weights, meter stick, tape, T-shaped PVC apparatus, pulley, string 

 

Prediction/Hypothesis: ? 

 

Experimental Design & Procedure: 

1. Start by setting up the equipment as shone below so the PVC apparatus can rotate, and 

the hanging weight can fall. 

 

 

 

 

 

 

 

2. Measure the diameter of the PVC pipe and record this value in the data section below.  

3. Next, attach a 50g hanging weight to the end of the string. Use a meter stick to position 

the bottom of the hanging weight exactly one meter above the ground. Wind the PVC 

apparatus while holding the mass one meter above the floor until the string is taught. 

Make sure that when the system is reset to this position or the hanging weight is switched 

out that the bottom of the weight remains one meter above the ground.  

4. One partner will let go of the apparatus, allowing it to spin and the weight to fall. Another 

partner will measure the time it takes for the weight to fall the one meter and reach the 

floor. Record this time in the table below.   

5. Repeat this process for a 100g, 200g, 300g, 500g, and 1000g set of masses, recording   

 

 

 

 

 

String 

Pulley 

Hanging Weight 

PVC Apparatus 

r 

m 
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Observations & Data: 

 y = 1.00m 

 dpipe = 0.0264m 

 

Analysis: 

1. Calculate the angular acceleration for each trial. Record these accelerations in the data 

table above.  

 a = r   y = vit + (1/2)at2 

  = a/r = a/(d/2)  a = 2y/t2 

  = 2y/[(d/2)t2] 

 

  = 2y/[(d1/2)t1
2] = 2(1.00m)/[(0.0264m/2)(33.74)2] = 0.133 rad/s2 

  = 2y/[(d2/2)t2
2] = 2(1.00m)/[(0.0264m/2)(16.10)2] = 0.585 rad/s2 

  = 2y/[(d3/2)t3
2] = 2(1.00m)/[(0.0264m/2)(9.47)2] = 1.69 rad/s2 

  = 2y/[(d4/2)t4
2] = 2(1.00m)/[(0.0264m/2)(7.55)2] = 2.66 rad/s2 

  = 2y/[(d5/2)t5
2] = 2(1.00m)/[(0.0264m/2)(5.87)2] = 4.40 rad/s2 

  = 2y/[(d6/2)t6
2] = 2(1.00m)/[(0.0264m/2)(4.00)2] = 9.47 rad/s2 

 

2. Determine the torque for each trial. Record these torques in the data table above.  

  = Fℓ = Fgr = mg(d/2) 

 

  = m1g(d/2) = (0.0500kg)(9.81m/s2)(0.0264m/2) = 6.47×10-3 N∙m 

  = m2g(d/2) = (0.100kg)(9.81m/s2)(0.0264m/2) = 0.0129 N∙m 

  = m3g(d/2) = (0.200kg)(9.81m/s2)(0.0264m/2) = 0.0259 N∙m 

  = m4g(d/2) = (0.300kg)(9.81m/s2)(0.0264m/2) = 0.0388 N∙m 

  = m5g(d/2) = (0.500kg)(9.81m/s2)(0.0264m/2) = 0.0647 N∙m 

  = m6g(d/2) = (1.000kg)(9.81m/s2)(0.0264m/2) = 0.129 N∙m 
 

3. In Excel, create a graph of torque versus angular acceleration. What is the numerical 

slope value and what does it represent? 

 The slope of the torque vs angular acceleration graph is 0.0132 kg∙m2, and it 

 represents the moment of inertia. 
 

Trial Mass (kg) Time (s) Angular 

Acceleration (rad/s2) 

Torque (N∙m) 

1 0.0500 33.74 0.133 6.47×10-3  

2 0.100 16.10 0.585 0.0129 

3 0.200 9.47 1.69 0.0259 

4 0.300 7.55 2.66 0.0388 

5 0.500 5.87 4.40 0.0647 

6 1.000 4.00 9.47 0.129 
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Conclusion:  

 The purpose of this lab was to determine the moment of inertia of a T-shaped PVC 

apparatus. The PVC apparatus’ moment of inertia was graphically found to be 0.0132 kg∙m2. A 

graph of torque versus angular acceleration will yield the moment of inertia because the equation 

 = I parallels the equation of a line, y = mx with m representing slope. The moment of inertia 

of the PVC apparatus happens to be the same number as the radius which means that the sum of 

the different parts of the T-shaped system resist an angular acceleration equal in magnitude to the 

radius of the PVC pipe. One source of experimental error in determining the moment of inertia 

could have arisen due to friction. Friction between the pulley and string or PVC pipe and holder 

could have caused a loss of energy and a slower fall, increasing the time, decreasing the angular 

momentum, and ultimately the slope.   
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y = 0.0132x + 0.0047
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

  Ryan Wilson  

Course: AP Physics C 

Instructor: Coach McKellips 

Period: 4 

 

Lab #16- Simple Harmonic Motion & Hooke's Law 

 

Purpose/Problem:  

(a) To find the spring constant for a spring and a rubber band utilizing 

SHM/oscillation and a graph 

(b) To find the "effective" spring constant for two springs in series and in parallel 

 

Materials: meter stick, scissors, rubber band, two "ideal" springs, two sets of hooked 

masses, three S-hooks, ring stand, pendulum clamp, two binder clips, roll of masking 

tape, acrylic rod, and stopwatch 

 

Experimental Design & Procedure:  

1. Start by hanging the rubber band to the ring stand as shown below.  

      Rubber Band/Spring:        In Series:              In Parallel: 

 

 

 

 

 

 

 

 

 

 

 

 

2. Next, attach a 100 gram mass to the bottom alligator clip, and getting the 

stopwatch ready. Pull the hanging weight down enough to sufficiently stretch the 

band, but not too much to snap it. Then, let go and use the stopwatch to measure 

the time it takes for the hanging weight to oscillate up and back to its original 

position five times. Divide that time by five for each of the five oscillations, and 

record that time in the first data table below. 

3. As the length needed to stretch the rubber band increases with mass, use the meter 

stick to gauge whether the hanging mass returns to its original position with every 

oscillation. Record this observation below.  

4. Repeat step #2 five more times with 120g, 140g, 150g, 170g, and 200g attached to 

the end, recording each of these times divided by five in the table as well. Record 

the square of these periods as well. 

Hanging Weight 
Alligator Clip 

Rubber Band 

S-Hook 

Ring Stand 

Spring 
Acrylic  

Rod 
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Mass (kg) T (s) T2 (s2) 

0.100 0.484 0.234 

0.120 0.578 0.334 

0.140 0.648 0.420 

0.150 0.686 0.471 

0.170 0.766 0.587 

0.200 0.810 0.656 

 

Mass (kg) T (s) T2 (s2) 

0.020 0.404 0.163 

0.030 0.481 0.231 

0.040 0.562 0.316 

0.050 0.632 0.399 

0.060 0.680 0.462 

0.070 0.729 0.531 

 

5. Now, take down the rubber band and replace it with an ideal spring by attaching 

one of its ends to the S-hook on top. 

6. Hang a 20g mass to the other end of the spring. Pull the hanging weight down 

enough to sufficiently stretch the spring, but not too much to turn the hanging 

mass into a projectile. Let go, and use the stopwatch to record the time it takes for 

the mass to oscillate up and back down to its original position ten times. Divide 

that time by ten for each of the complete oscillations, and record this time in the 

second data table below. Also record the square of that period. 

7. Repeat step #5 five more times with 30g, 40g, 50g, 60g, and 70g hanging from 

the end. Again, record each of these times in the second data table after dividing 

by ten. Record the squares of these periods as well. 

8. For the third part of this lab, take off the hanging weight, and add another S-hook 

to the end of the spring already attached to the ring stand. Attach the other spring 

to the new S-hook so that they are in series with each other.  

9. Hang a 20g mass to the end of the bottom spring. Pull the weight down enough to 

stretch the two springs, but not too far to launch the mass. Let go, and measure the 

time it takes for the mass to bob up and back down to its original position five 

times. Divide that time by five for each of the periods and record it, along with its 

square, in the third table below. 

10. Repeat step #8 fie more times with 30g, 40g, 50g, 60g, and 70g. Record each of 

these times after dividing them by five in the third table. Record the squares of 

these periods as well. 

11. Lastly, set up the springs in parallel by hanging the springs from two of the ring 

stand clips, and looping the acrylic rod through the hole at the end of each spring. 

Hang a 20g mass onto the center of the acrylic rod with the last S-hook, and tape 

the S-hook down. Pull down on the hanging weight enough to stretch the spring, 

but no too much to launch the weight. Let go, and measure the time it takes for 

the weight to oscillate up and back down to its original position five times. Divide 

this time by five, and record it in the fourth and final data table.  

12. Repeat step #10 five more times with 30g, 40g, 50g, 60g, and 70g. Divide each of 

these times by five, and record them in the fourth table. Record the squares of 

these periods as well. 

 

Observation & Data:  

Rubber Band Observations:  

 As the rubber was pulled farther with increasing mass, the distance the hanging 

 mass returned to did not increase. After releasing the hanging weight on the end 

 of the rubber band, the weight did not return to its original position with each 

 oscillation, and stretched less and less the more it oscillated.  

 

 Rubber Band:       Spring:    
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Mass (kg) T (s) T2 (s2) 

0.020 0.384 0.147 

0.030 0.393 0.154 

0.040 0.446 0.199 

0.050 0.500 0.250 

0.060 0.526 0.277 

0.070 0.562 0.316 

 

Mass (kg) T (s) T2 (s2) 

0.020 0.566 0.320 

0.030 0.702 0.493 

0.040 0.806 0.650 

0.050 0.872 0.760 

0.060 0.964 0.929 

0.070 1.06 1.12 

 

  Series:                Parallel: 

 

 

 

 

 

 

 

 

 

Analysis:  

1. Derive an expression that relates period, mass, and the spring constant in y = mx 

form. Then, solve for k in terms that slope and constants. 

 T = 2π√
m

k
   slope = 

4π2

k
 

 T2 = 4π2m

k
       k = 4π2/(slope) 

 T2 = 
4π2

k
m 

 

2. Now, using the rubber band data, graph T2 vs. m. Find the spring constant of the 

rubber band using the k equation found in analysis #1. 

 slope = T2/m = [(T2)2 – (T2)1]/(m2 – m1)  

           = (0.56s2 – 0.38s2)/(0.17kg – 0.13kg) 

           = 4.5s2/kg 

 krubberband = 4π2/(slope) 

     = 4π2/(4.5s2/kg) 

     = 8.8kg/s2 

 

3. Using the spring data, graph T2 vs. m. Find the spring constant of the spring using 

the k equation found in analysis #1. 

 slope = T2/m = [(T2)2 – (T2)1]/(m2 – m1)  

           = (0.36s2 – 0.21s2)/(0.046̅kg – 0.026̅kg) 

           = 7.5s2/kg 

 kspring = 4π2/(slope) 

           = 4π2/(7.5s2/kg) 

           = 5.3kg/s2 

 

4. Using data from the springs in series, graph T2 vs. m. Find the spring constant of 

the series using the k equation found in analysis #1. 

 slope = T2/m = [(T2)2 – (T2)1]/(m2 – m1)  

           = (1.05s2 – 0.33s2)/(0.066̅kg – 0.020kg) 

           = 15s2/kg 

 kseries = 4π2/(slope) 

          = 4π2/(15s2/kg) 

          = 2.6kg/s2  
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5. Using data from the springs in parallel, graph T2 vs. m. Find the spring constant of 

the springs in parallel using the k equation found in analysis #1. 

 slope = T2/m = [(T2)2 – (T2)1]/(m2 – m1)  

           = (0.23s2 – 0.19s2)/(0.046̅kg – 0.036̅kg) 

           = 4.0s2/kg 

 kparallel = 4π2/(slope) 

            = 4π2/(4.0s2/kg) 

            = 9.8kg/s2 

 

6. Using the constants already found for the spring and series, propose a general 

equation for the new spring constant when springs are placed in series with each 

other. Verify this equation with that data from analysis #3 and #4, and a percent 

difference calculation. 

 kseries = (
1

k1
+ 

1

k2
+

1

k3
… )-1 

 kseries = (
1

k1
+ 

1

k2
)-1 

  kseries = (
1

5.3kg/s2 +  
1

5.3kg/s2)-1 

  kseries = 2.7kg/s2 

 

 % Difference = |kseriesmeasured – kseriescalculated| × 100% 

                kseriescalculated 

               = |2.6kg/s2 – 2.7kg/s2| × 100% 

               2.7kg/s2 

             = 3.7% 

 

7. Using the constants already found for the spring and parallel, propose a general 

equation for the new spring constant when springs are placed in parallel with each 

other. Verify this equation with that data from analysis #3 and #5, and a percent 

difference calculation. 

  kparallel = k1 + k2 + k3… 

  kparallel = k1 + k2 

  kparallel = 5.3kg/s2 + 5.3kg/s2  

  kparallel = 10.6kg/s2 

 

 % Difference = |kparallelmeasured – kparallelcalculated| × 100% 

                kparallelcalculated 

               = |9.8kg/s2 – 10.6kg/s2| × 100% 

               10.6kg/s2 

             = 7.5% 

 

8. How else could the spring constants be determined? 

 Using Hooke’s Law (F = -k x), the spring constant would be the slope of 

 a graph of the force applied to stretch a spring versus the resulting distance 

 of stretch of the spring. This data could be collected by attaching a weight 

 to the end of the spring and marking this point on the meter stick with 

 tape as the equilibrium position. Then, by adding another weight and 
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 letting go, the distance the spring stretches to oscillate would be the Dx. 

 Repeating this multiple times and recording data would allow for the 

 creation of a the F vs Dx graph and determination of the spring constant. 

 

Conclusion:  

 The purpose of this lab was to both find the spring constant for a spring and a 

rubber band and to find the "effective" spring constant for two springs in series and in 

parallel. It was found that the spring constant for a rubber band (if it were to approximate 

an ideal spring) was 8.8kg/s2 while the spring constant of the “ideal” spring was 5.3kg/s2. 

This makes sense because the spring constant is a measure of relative stiffness and the 

rubber band was much stiffer than the spring. Furthermore, the rubber band did not obey 

Hooke’s Law as well as the spring because the rubber band’s stretch was not proportional 

to the force applied. As the mass on the end of the spring and the pull downward 

increased, the length of stretch did not. In fact, the rubber band did not return to its 

original position like the “ideal” spring did, and stretched less and less with every 

oscillation. It was also found that the spring constant for springs in series was 2.6kg/s2 

while the spring constant for the same springs in parallel was 9.8kg/s2. With this data, the 

spring constant for a series must be analogous to the resistivity equation of resistors in 

parallel where kseries = (
1

k1
+  

1

k2
+

1

k3
… )-1 since there was only a 3.7% difference between 

the measured kseries value and the value found using this equation. Moreover, the spring 

constant for springs in parallel must be additive like the resistivity of resistors in series 

where kseries = k1 + k2 + k3… since there was only a 7.8% difference between the 

measured kparallel value and the value calculated using that equation. These minute 

differences may have been due to experimental error. Error could have arisen from the 

fact that an “ideal” spring is simply nonexistent. Some energy was ultimately lost during 

both the rubber band and spring’s compressions, so the weights could have stretched 

short of their original positions or taken longer to reach that position, possibly affecting 

the measured slope values for larger masses which deform the springs more. That could 

have resulted in greater measured times, a greater slope, and therefore smaller k values 

that they should have been. 
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

  Delaney Boyle  

Course: AP Physics C E&M 

Instructor: Coach McKellips 

Period: 4  

 

Lab #17- Static Electricity & The Indicating Electrophorus 

 

Purpose/Problem: To use an "electrophorus" as well as charged wands and pith balls to 

explore various electric charge phenomena 

 

Materials: Black vinyl strip, wool cloth, clear acetate strip, white cotton cloth, pith ball 

& string, aluminum-coated pith ball & string, ring stand & pendulum clamp, 

electrophorus, square of rigid foam insulation, and a portion of an oven-roasting bag 

 

Experimental Design & Procedure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Suspend both pith balls from the pendulum clamp on the ring stand in different 

locations. Charge the black strip by rubbing it with the wool pad. First bring the 

charged strip close to but not touching each of the pith balls. Record any 

observations, especially noting any difference in the way that the two pith balls 

react. Then touch each of the balls with a finger to remove any charge each may 

have obtained before the next step, as seen in Figure #1. 

2. Next, touch each of the pith balls with the black strip and notice the reaction of 

each after being touched in the presence of the charged strip. Then touch each of 

the balls with a finger to remove any charge each may have obtained and record 

how each reacts to the strip being brought close yet again. 

3. Repeat Steps #1 and #2 but now use the clear acrylic strip and the white cotton 

cloth instead of the black strip and the wool, as seen in Figure #2. 

4. Remove the pith balls from the pendulum clamp. Charge the foam square by 

rubbing the oven-roasting bag on it in one direction, and determine its charge with 

the other charged strips. Place your electrophorus on the foam square, being 

careful not to touch the metal pie plate with any skin during this step. Hold the 

 

Figure 1 

 

Figure 2 Figure 3 

Electrophorus 
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aluminum-coated pith ball by the end of the string with one hand and bring it near 

the edge of the pie plate, as seen in Figure #3. Notice any interaction. While it is 

still close to the pie plate, touch the pith ball with the index finger of the other 

hand. Again, note any interaction. 

5. Again suspend the aluminum-coated pith ball from the pendulum clamp by the 

string and ground it. Then lift the pie pan off the foam and hold it close to the pith 

ball and note any interaction. Place the pie pan back on the foam square. This 

time touch the top of the pie plate with a finger. Again, lift the pie pan off the 

foam and hold it close to the pith ball and note any interaction. 

6. Repeat Steps #4 and #5 but now use the colored, non-coated pith ball. 

 

Observations & Data:  

1. For procedural step one, it was observed that, after the black vinyl strip was 

charged and brought near the aluminum painted pith ball, the pith ball moved 

closer to the vinyl strip, indicating an attraction between the two. The blue painted 

pith ball yielded the same results. 

2. After the pith balls were grounded and the vinyl strip was charged again, both pith 

balls were attracted as in step #1. But, after touching the black strip to the 

aluminum pith ball, the vinyl strip repelled the aluminum pith ball. The blue pith 

ball remained attracted to the strip, even after touching the two. 

3. Analogous to the vinyl strip, both pith balls were attracted to the charged clear 

acetate strip at first. Also like the vinyl strip, the acetate strip repelled the 

aluminum pith ball after being touched. The blue pith remained attracted as 

earlier. 

4. The foam plate was found to be positive because it repelled the positively charged 

acetate strip and attracted the negatively charged vinyl strip. When the aluminum-

coated pith ball was held near the charged electrophorus, the pith moved closer to 

the plate, indicating an attraction. After the pith ball was touched with an index 

finger, the pith remained attracted to the plate and moved away from, or repelled, 

the nearby finger. 

5. When the electrophorus was charged and brought near the pith ball there was no 

interaction. After the pie pan was touched with a finger, the pith ball was attracted 

to the electrophorus. 

6. When the non-coated pith ball was held near the charged electrophorus, the pith 

was attracted to the plate. After the pith ball was touched with an index finger, the 

pith remained attracted to the plate and moved away from, or repelled, the nearby 

finger. Then, when the electrophorus was charged and brought near the pith ball 

there was a very small movement of the pith ball toward the plate, indicating a 

slight attraction. After the pie pan was touched with a finger, the pith ball 

experienced a much greater attraction than before.  
 

Analysis:  

1. Both the aluminum and blue painted pith balls were attracted to the charged vinyl 

strip because of polarization. The electric field from the negatively charged vinyl 

strip induced an opposite positive charge on the near side of the pith balls. The 

negatively charged electron cloud shifted away from the incoming negative strip 
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as opposite charges repel. This action left the positive nuclei of pith ball atoms 

near the end exposed. The positively charged side of the pith ball was therefore 

attracted to the negatively charged strip. 

 

 

 

 

 

 

2. Touching the aluminum pith ball to the black strip allowed for the transfer of 

electrons from the strip to the pith ball’s aluminum paint that could accept 

electrons. The strip remained somewhat negative, but the aluminum pith ball now 

had extra electrons from the transfer to the area with already fewer electrons 

which created a negative charge. The negatively charged aluminum pith ball 

therefore repelled the negatively charged strip. The blue pith ball was still 

attracted to the strip, even after touching the two, because there were no electrons 

transferred between the strip and ball. 

 

 

 

 

 

 

3. The pith balls were also attracted to the acetate strip, even though it carried a 

positive charge, since the pith atoms were polarized again. This time, since the 

acetate strip carried a positive charge as its electrons were scraped off, the 

electron cloud on the pith ball atoms shifted toward the strip. Thus, the negative 

atoms were attracted to the positively charged acetate strip. The aluminum pith 

ball was repelled by the acetate strip after touching due to the electron transfer 

that occurred. This time, the free-floating electrons in the aluminum paint were 

transferred to the positively charged acetate strip that was deficient of electrons. 

The aluminum pith ball therefore repelled the acetate strip since the two objects 

carried the same charge. The blue pith ball remained attracted because no electron 

transfer occurred.  

 

 

 

 

 

4. When the aluminum-coated pith ball was brought near the electrophorus, it was 

attracted due to polarization. Since the foam square was found to be positively 

charged, the electron cloud moved to bottom of the electrophorus, leaving a 

positively charged top. In the aluminum pith ball, the electron cloud then 

transferred to the edge closest to the electrophorus as opposite charges attract. 

After grounding the pith ball with a finger, the electrophorus remained polarized, 

so the pith ball repolarized and became attracted again.  
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5. When the pie plan was lifted from the foam plate, no interaction was noticed 

between it and the hanging pith ball because the charged foam is an insulator and 

therefore did not readily give up its excess charge to the electrophorus. Attraction 

was noticed in Step #4 because, although no charge was transferred between the 

pan and the foam, polarization was still able to occur in close proximity. An 

attraction was noticed after the top of the pie plate was touched by a finger 

because a finger is able to conduct some electricity, so the electron cloud moved 

onto the finger, leaving a positively charged electrophorus. Then, polarization 

occurred in the nearby pith ball, resulting in an attraction of opposite charges.  

 

 

 

 

 

 

6. The same results were found with the blue pith ball because it also experienced 

polarization like the aluminum pith. The only difference between the aluminum 

and blue-coated pith balls is that the aluminum pith ball can readily transfer its 

electrons, but this transfer was irrelevant in steps 4-6 since even when the pith 

was grounded, it only repolarized. 

 

 

 

 

 

 

Conclusion: 

 The purpose of this lab was to use an "electrophorus" as well as charged wands and 

pith balls to explore various electric charge phenomena. With the idea that positively 

charged protons remain stationary in the atom and negatively charged electrons can move 

freely in metals, it was found that even non-metal materials can become polarized where 

the electron cloud migrates to different parts of a material’s atoms, as seen with the blue 

pith ball’s attraction to the charged strips. When polarized metals are grounded, free 

electrons leave the system with a positive charge, as displayed when the electrophorus 

was touched with a finger. Furthermore, it was found that insulators do not readily give 

up their electrons due to their greater affinity, as seen with the charged foam pad and 

electrophorus. Although no quantitative data was measured, humidity may have affected 

results since objects do not hold static charges as well on humid days.  
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Name: Connor Humiston 
Lab Partners: Alethia Daugherty  
Course: AP Physics C E&M 
Instructor: Coach McKellips 
Period: 4 

 
Lab #18- The Determination of Charge on a Pith Ball 

 
Purpose/Problem: To determine the magnitude of the charge transferred to a pith ball 

 
Materials: Milligram balance, two aluminum-coated pith balls, pendulum clamp, ring 
stand, black vinyl strip, ruler, and wool pad 
 
Experimental Design & Procedure: 
 
 
 
 
 
 
 
 
 
 

1. Hang two aluminum-coated pith balls from the pendulum clamp on the ring stand 
so that the ends of their strings are touching in the clip/clamp. This will mean that 
the pith balls themselves are touching. Ground them by touching each one with a 
finger. Measure the length of each string, which should be identical, and record 
this length in the data section below.  

2. Charge up the black vinyl strip with wool pad by pulling the wool pad in one 
direction over the vinyl strip. Bring the strip close to the nearest aluminum-coated 
pith ball. The pith ball should draw near to the strip and then touch it. After the 
pith ball touches the strip, immediately take the strip away.  

3. The pith ball that touched the strip should now be drawn to and touch the other 
pith ball. Make sure that they do, in fact, touch and then allow them to come to 
equilibrium.  

4. Use a ruler to measure the distance separating the pith balls, and record this 
distance below. 

5. Weigh the pith balls and strings with the milligram balance, and record this mass 
below. 
 

Observations & Data:  
 ℓstring = 0.143m 
 rapart = 0.026m 
 mbothpiths = 8.6×10-5kg 
 

Vinyl Strip 
Pith ball 
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Analysis:  
1. Create a free body diagram for one of the pith balls, and use sum of the force

equations to derive an expression for the charge on one pith ball. Assume that the
charge on each pith ball is the same.

∑Fx = FE – FTx = 0       ∑Fy = FTy – Fg = 0 
FE = FTsinӨ        FTcosӨ = mg 
Kq1q2
r2

 = FTsinӨ       FT = mg/cosӨ 
Kq2

r2
 = (mg)tanӨ 

q = �mgr2tanӨ/K 

2. Solve for the numerical charge on one pith ball using the equation found in
Analysis #1.

q = �(mbothpiths/2)gr2tanӨ/K Ө = sin-1[(r/2)/ℓ] 

q = �(mbothpiths/2)gr2tan (sin−1[(r
2
)/ℓ])/K

q = �
(8.6×10−5kg/2)(9.81m/s2)(0.026m)2tan (sin−1[(0.026m

2 )/0.143m])

8.99×109Nm
2

C2

q = - 1.7×10-9 C The charge is negative because the vinyl strip  
transferred negative electrons to the pith balls. 

Conclusion: 
The purpose of this lab was to determine the magnitude of the charge transferred 

to a pith ball. It was found that the charge on one pith ball was -1.7×10-9 C. After one pith 
ball was charged by conduction with the negatively charged vinyl strip, the other pith ball 
became attracted to the charged pith ball due to polarization. Since like charges repel, the 
pith balls moved apart. Coulomb’s law was used to find the repelling force that was able 
to overcome some gravity and push the piths apart, and ultimately allowing for the charge 
to be determined. Although it was assumed that both pith balls were identical in charge 
capacity and distribution, it is simply impossible to find or paint two pith balls that hold 
exactly the same amount of charge. Especially when dealing with such a small amount of 
charge, it is likely that one pith held a smaller or larger amount of charge than was 
calculated in lab. 

Fg 

FE 
FT 

FTx 

FTy Ө 
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty 

Course: AP Physics C E&M 

Instructor: Coach McKellips 

Period: 4 

Lab #19- Electric Potential and Mapping Electric Fields 

Purpose: 

• Describe the electric potential along a conducting surface.

• Describe the orientation of equipotential lines between parallel conducting plates.

• Given a map of equipotential lines, be able to draw the corresponding electric field lines

for parallel plates and for a circular conductor between parallel plates.

• Calculate the average electric field between parallel plates at different potentials.

• Describe the electric field and the potential inside a conducting surface.

• Explain how to shield a local space from external electric fields.

• Construct a general statement regarding the relationship between conducting surfaces and

electric field lines.

Materials: Doorbell transformer wired to power tool replacement cord, two alligator clip 

leads, digital multi-meter, two aluminum strips/plates, beaker of water, and Pyrex 

casserole dish 

Experimental Design & Procedure: 

1. Connect the transformer to the aluminum plates using alligator clips. Set the transformer

voltage to 24 volts by connecting the alligator clips to the transformer on the designated

leads for a 24V connection.

2. Connect the ground lead of the AC digital multi-meter, set as a voltmeter, to the alligator

clip of one of the aluminum plates. This will be the reference plate. All potential

differences, or voltages, will be measures with reference to this plate.

3. Pour enough water into the Pyrex dish to just cover the bottom surface. Pure water is a

poor conductor of electricity, but most tap water is slightly ionic and works well for this

lab.

4. Take a thumb and index finger and hold them together like the "OK" hand sign and place

them in the water near the mid-point between the parallel plates. Now spread them out

parallel to the charged plates until they are on opposite sides of the Pyrex dish. Does this

hurt? Using the other dry hand, place the free probe of the voltmeter near the thumb and

read the potential. Repeat to determine the potential of the index finger.

5. Return the thumb and finger to the center. Now spread thumb and finger in opposite

directions toward the two charged plates. As soon as there is a "going to sleep" sensation,

Doorbell Transformer 

Aluminum Strip 

Pyrex dish 
+ - 

Multi-meter 
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stop spreading the fingers and use the probe to again measure the potential at the finger 

and thumb.  

6. Place the free lead of the voltmeter in the water and move it along the "center-line" of the 

"Two Parallel Plates" template until a point along the center-line reads 4.0 volts. Test five 

points total on both sides of the centerline that also measure 4.0 volts.  

7. Repeat step #6 for 8.0 V, 12.0 V, 16.0 V, 20.0 V, and 24.0 V. 

8. Measure the potential at different points along and about the plate that is not the reference 

plate.  

9. Unplug the power supply and replace the original template with "Two Parallel Plates and 

Circular Conductor" template. Align the reference plate with the template outline. Place 

the conducting copper pipe segment in the position indicated by the template. 

10. Repeat Steps #6 & #7 for this configuration.  

11. Test the electric potential at several points inside the copper tube. 

12. Unplug the power supply and replace the template with "One Parallel Plate and Circular 

Conductor" template. Align the reference plate with the template outline. Place the 

conducting copper pipe segment in the position indicated by the template. Remove the 

second plate from the water and place the alligator clip that used to be on that plate on the 

copper tube instead. 

13. Repeat Steps #6 & #7 for this configuration. Note: the 24 V line may go behind the 

copper tube. 

14. Test the electric potential at several points inside the copper tube. 

 

Observations: 

Step #4: Moving the fingers parallel to the charged plates did not tingle or hurt. The potential of 

 the index finger is zero because there is no difference of potential between the two 

 fingers at the same point in the electric field.  

Step #5: Moving the fingers toward the charged plates from the center did cause a noticeable 

 tingle once they had a potential difference of about 8.0V. 

Step #6: The equipotential lines of 4.0V formed a straight line parallel to the charged plate, and 

 therefore perpendicular to the electric field lines. The potential was 4.0V at equal 

 distances from the plate along the entire line.  

Step #7: The equipotential lines at 8.0V, 12.0V, 16.0V, 20.0V, and 24.0V were also parallel to 

 the plate and perpendicular to the electric field. Increasing potential differences of 4.0V 

 occurred roughly the same distances apart. 

Step #8: The potential difference was 29.0V all along the non-reference plate. 

Step #10: With the conducting copper pipe in the center, the equipotential line of 4.0V bowed 

 outward and away from the pipe at its center, slightly mimicking the curvature of the 

 pipe’s edge. Equipotential lines continued after measuring behind the circular pipe and 

 became more circular the closer they got to the tube.  

Step #11: The electric potential was 13.1V at the points inside the copper tube. 

Step #13: This time, with only one parallel plate and the circular conductor, equipotential lines 

 above did not continue above 24.0V behind the metal tube. The lines also bent to mimic 

 the circular shape of the conductor, especially the closer they got. The lines were much 

 closer together between the tube and the plate than with two parallel plates. 

Step #14: The electric potential was 29.0V at the points inside the copper pipe. 

 

Analysis:  

1. Relate observations in Step #4 to a bird perched on a high voltage wire. 

There is no tingling sensation or electrocution when index fingers are moved 

parallel to the equipotential lines because there is no potential difference between 

the fingers, analogous to how there is no potential difference between a bird’s 
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feet when sitting on a wire. Electrons flow along the path of the least resistance, 

which bypasses the bird and the fingers because there is no difference in electric 

potential. 

 

2. Discuss any insights gained regarding "electric potential" versus "electric potential 

difference" that Step #5 provides in conjunction with step #4. 

Although the fingers moving parallel in Step #4 did, in fact, touch water with an 

electric potential, their movement apart did not change the electric potential 

difference between the fingers, so nothing was felt and no charge was transferred. 

The fingers moving toward the plates in Step #5 did experience a potential 

difference as they spread apart difference distances from the plates, creating an 

electric potential difference and the potential for energy to move between them. 

 

3. Connect the 4.0 V marks made in Step #6 on the graph paper that indicate the test 

positions with a pencil to form an “equipotential” line and label the line as 4.0 volts. 

  

4. Repeat Analysis Step #6 for 8.0 V, 12.0 V, 16.0 V, 20.0 V, and 24.0 V. Draw five electric 

field lines corresponding to the five test points at each potential. Note that electric field 

lines always point from high voltage to low voltage and are always perpendicular to 

equipotential lines. Use a ruler to measure the smallest distance in centimeters between 

the 4.0 V line and the 20.0 V line and use that distance to calculate the average electric 

field between the plates. For the parallel plates, what is the orientation of the 

equipotential lines with respect to the plates? What is the orientation of the field lines 

with respect to the plates? 

r = 10.73cm = 0.1073m   E = V/r 

V1 = 4.00V    E = (V2 – V1)/r 

V2 = 20.0V    E = (20.0V – 4.00V)/0.1073m  

     E = 1.49×102 N/C 

 

For parallel plates, the equipotential lines are parallel to the plates and increase 

closer to the positive plate. Electric field lines are perpendicular to the plates. 

 

5. How does the voltage vary along the surface of a conductor in reference to Step #8? 

 The voltage is the same across the surface of a conductor. 

 

6. Repeat Analysis #3 and #4 for the new template in procedural Step #10. How are the 

field lines directed with respect to the circular conductor outside the conductor? 

r = 11.35cm = 0.1135m   E = V/r 

V1 = 4.00V    E = (V2 – V1)/r 

V2 = 20.0V    E = (20.0V – 4.00V)/0.1135m  

     E = 1.41×102 N/C 

 

The electric field lines radiate outward from the circular conductor while the 

equipotential lines bend around the circular conductor.  

 

7. How did the potential vary inside of the circular conductor in procedural Step #11? What 

does this indicate regarding the electric field inside the conductor? 

The potential was the same at all points inside the circular conductor with a value 

of 13.1V, which is about half the expected transformer voltage. This indicates 

that the potential difference was zero, and therefore the electric field because an 
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electric field is the opposite of the derivative of the electric potential with respect 

to length. 

 

8. Repeat Analysis #3 and #4 for the new template in procedural Step #13. How are the 

field lines directed with respect to the circular conductor outside the conductor? 

 r = 3.77cm = 0.0377m   E = V/r 

 V1 = 4.00V    E = (V2 – V1)/r 

 V2 = 20.0V    E = (20.0V – 4.00V)/0.0377m  

      E = 4.24×102 N/C 

 

Electric field lines again radiate outward from the circular conductor while 

equipotential lines bend around the conductor, but do not go beyond the 

conductor. 

 

9. How did the potential vary inside of the circular conductor in Step #14? What does this 

mean regarding the electric field inside the conductor? 

The potential was again constant at 29.0V, which was about the expected voltage 

of the transformer. The electric field is therefore zero since there is no change in 

potential energy as an electric field is the opposite of the derivative of the electric 

potential with respect to length. 

 

Conclusions: 

 The purpose of this lab was to explore electric potentials and electric fields. It was 

observed that the electric potential along a conducting surface is always perpendicular to the 

direction of the electric field created by two parallel plates. The spacing between the equipotential 

lines is a measure of the rate of change of the potential. Equipotential lines also increase in 

voltage as they approach the positive plate. The average electric field between two parallel 

charged plates was slightly smaller when a conductor was added in between with field strengths 

found to be 1.41×102 N/C with the conductor and 1.49×102 N/C without. With only one charged 

plate and the conductor, the field strength was much larger with a calculated value of 4.24×102 

N/C. The electric potential was found to be the same at all points inside the conducting surfaces, 

meaning that there was no potential difference, and therefore no electric field due to that lack of 

potential for energy to move. Therefore, external electric fields can be shielded with an enclosing 

conductor. Electric field lines always move directly toward or away from conductors. One source 

of experimental error in this lab could be the range of the doorbell transformer that extends from 

24V to about 28V. This value could vary depending on the outlet used or the voltage coming 

from that outlet, which could alter the placement of equipotential lines and the electric field 

strengths calculated with those numbers.  

68

Con
nor

 Humisto
n



Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

  Makala Smith 

Course: AP Physics C E&M 

Instructor: Coach McKellips 

Period: 4 

 

Lab #20- Ohm's Law 

 

Purpose: To investigate the relationship among the resistance of, the current in, and the 

potential difference across a simple circuit. 

 

Hypothesis: Resistance will be found to be directly proportional to the potential 

difference, and inversely proportional to the current.  

 

Materials: Vernier circuit board, Vernier LabQuest 2, Vernier current probe, Vernier 

differential voltage probe, 6 V battery, two insulated connecting wire with alligator 

clips—one red and one black, Vernier set of colored insulated connecting wires with 

alligator clips, a 7.5 V light bulb. 

 

Experimental Design & Procedure: 

1. Explore the layout of the circuit board. Notice that there is a compartment to 

insert two 1.5 V "D" Cell batteries in series to create a 3 V potential difference. 

Immediately below this is a switch (SW1) that can be toggled between "3 V" and 

"External." In this lab the "D" Cell compartment but will NOT be used; rather a 6 

V battery will be connected to terminal posts "J1" and "J2" on the lower left of the 

board where it says "10 VDC maximum." Therefore, the 3 V position on the 

switch is effectively the "off" position and the "External" position on the switch is 

the "on" position for this lab. ALWAYS have the switch in the 3V (off) position 

unless taking a reading. 

2. Connect the 6 V battery to the circuit board by connecting the positive terminal of 

the battery with the red connecting wire to the red post (J1) and the negative 

terminal of the battery with the black connecting wire to the black post (J2). This 

can be seen in the image after Step #3 where the red and black wires attach at the 

left side of the board. Again, make sure to have Switch SW1 in the 3V (off) 

position. 

3. Screw in a 7.5 V light bulb into one of the bulb bases. Make sure to use one of the 

spherical light bulbs that came with the circuit board NOT one of the more 

cylindrical ones—the spherical ones can handle 7.5 V but the cylindrical ones can 

only handle 3 V. The setup should look like the circuit in the image below.  
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4. Use one of the colored Vernier connecting wires to connect the post on one side 

of the light bulb to the post labeled "-" and "35". Use a differently colored one of 

the Vernier connecting wires to connect the post on other side of the light bulb to 

the post labeled "+" and "1" in the lower middle of circuit board. Flip Switch 

SW1. The bulb should light. Then toggle the switch back to off (3 V). 

5. Connect the Vernier current probe to Channel 1 and the Vernier differential 

voltage probe to Channel 2 of the Vernier LabQuest 2. Turn on the LabQuest 2. 

Both probes should be automatically recognized. Connect the black and red leads 

of the differential voltage probe to each other and zero both probes by tapping the 

colored field on the LabQuest containing the name of the probe and choosing 

"Zero."  

6. The current probe needs to be attached in series to a circuit element in order to 

check the current through that element. Unplug the wire already connected to the 

left side of the lightbulb, then wire that empty spot to a current probe. Connect the 

other current probe to the wire that was just unattached. See image after Step #6 

as an example. The green wire was removed from the left side f the battery and 

connected to one side of the current probe. Everything will eventually be setup 

like the circuit diagram below.  

 

 

 

 

 

V 

A 
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7. The differential voltage probe needs to be attached in parallel to a circuit element 

in order to check the voltage drop across that element. Attach in parallel by 

attaching the red and black voltage probes to both sides of the lightbulb, as shown 

in the image below. 

 
8. Now flip the switch. If the circuit is connected properly, the light bulb will light 

and both the voltage across the light bulb and the current through the light bulb 

will be displayed on the LabQuest 2. Turn the switch off before proceeding. 

9. The previous set-up can now be used as a model for quantitatively analyzing the 

10 Ω, the 51 Ω, and the 68 Ω resistors. Change the connections appropriately to 

check the current and the voltage drop across the 10 Ω resistor. Toggle the switch 

for no more than three seconds and record the voltage drop and current in the data 

table. Then flip the switch to the off (3 V) position. Toggle the switch again for 

Trial #2 and Trial #3.  

10. Repeat step #8 for the 51 Ω and 68 Ω resistors. 

 

Observations & Data:  

Resistor Printed value 

of resistor (Ω) 

Voltage 

(V) 

Current 

(A) 

R1- Trial 1 10 Ω 4.072 0.4102 

R1- Trial 2 10 Ω 4.060 0.4072 

R1- Trial 3 10 Ω 4.074 0.4095 

R1- Average 10 Ω 4.069 0.4091 

R2- Trial 1 51 Ω 5.048 0.0998 

R2- Trial 2 51 Ω 5.035 0.0995 

R2- Trial 3 51 Ω 5.049 0.0994 
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R2- Average 51 Ω 5.044 0.0996 

R3- Trial 1 68 Ω 5.112 0.0762 

R3- Trial 2 68 Ω 5.104 0.0762 

R3- Trial 3 68 Ω 5.111 0.0761 

R3- Average 68 Ω 5.109 0.0762 

 

Analysis:  

1. Use the average values from the data table to calculate the quotient of the voltage 

drop across the resistor and the current through the resistor.  

  It is predicted that R = V/I. 

  R10 = 4.069V/0.4091A = 9.946 Ω 

  R51 = 5.044V/0.0996A = 50.6 Ω 

  R68 = 5.109V/0.0762A = 67.0 Ω 

 

2. Compare the printed value of each of the resistors used to each of the average 

calculated values in Analysis #1 with a percent difference calculation.  

 % Difference10 = |Rcalculated - Rprinted| × 100% 

                Rprinted 

                  = |9.946 Ω – 10 Ω | × 100% 

               10 Ω 

                = 0.54% 

 % Difference51 = |Rcalculated - Rprinted| × 100% 

                Rprinted 

                  = |50.6 Ω – 51 Ω | × 100% 

               51 Ω 

                = 0.78% 

 % Difference68 = |Rcalculated - Rprinted| × 100% 

                Rprinted 

                  = |67.0 Ω – 68 Ω | × 100% 

               68 Ω 

                = 1.4% 

 

Conclusion: 

 The purpose of this lab was to investigate the relationship among the resistance 

of, the current in, and the potential difference across a simple circuit. It was hypothesized 

that the resistance of a circuit would be directly proportional to the potential difference, 

and inversely proportional to the current. It was found that as the resistance increases, the 

voltage drop across a resistor also increases, but the current decreases, as seen in the data 

table above. Therefore, the hypothesis was supported, and a general conclusion that R = 

V/I can be made. One source of error in this lab could have arisen from the inevitable 

loss of heat from wires and connectors. This loss of energy would result in a larger 

current since less charge would be transferred per time. That greater current would have 

caused the found resistances to be smaller than they really were. Resistor aging may have 

been another source of error. With age and normal use, resistors can drop in resistance 

value, which would mean that the printed resistance value is higher than the actual value, 

causing error. 
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 Name: Connor Humiston 

 Lab Partners: Alethia Daugherty,  

   Makala Smith  

 Course: AP Physics C E&M 

 Instructor: Coach McKellips 

 Period: 4 

 

Lab #21- Electric Power 

 

Purpose: To utilize an electric motor used as a crude elevator in order to measure the current 

through, and voltage across, the motor as it lifts a small mass 

 

Objectives:  

● Measure the power and electrical energy used by an electric motor. 

● Measure the gain in potential energy of a mass lifted by the motor  

● Calculate the efficiency of the motor. 

● Study the efficiency of the electric motor under different conditions. 

 

Background: If the power provided to a device is constant through time, one can multiply the 

power by the time and get the energy. This approach will be used to determine the electrical 

energy used by the motor and compare it to the change in gravitational potential energy of the 

mass. The gravitational potential energy gained by an object can be calculated if the mass and 

the distance it is lifted are known. By comparing the electrical energy supplied to the motor with 

the gain in gravitational potential energy of the mass, the efficiency of the motor as a machine 

used for lifting can be determined. 

 

Materials: Vernier LabQuest 2, electric motor, dowel, electrical tape, two 6V batteries, 

connecting wires with alligator clips, switch, ring stand, C-clamp, two utility clamps, meterstick, 

Vernier current probe, Vernier differential voltage probe, mass set, string, masking tape 

 

 
Figure 1 
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Experimental Design: 

1. Connect the Current Probe to Channel 1 and the Differential Voltage Probe to Channel 2 

of the LabQuest2.  

2. Set up the motor apparatus as shown in Figure 1. There is a wooden dowel attached to the 

motor as an axle where the string can be wound as the mass is lifted. Allow room for the 

mass to be lifted at least 0.5 m; a longer distance would be better. Make a loop at the end 

of the string for connecting the mass. Use a piece of tape to secure the loop to the axle. 

3. Connect the circuit as shown below. Take care that the positive lead of the Voltage Probe 

and the red terminal from the Current Probe are oriented toward the + terminal of the 6V 

battery pair. With the switch open, click , then click  to zero both sensors. 

 
4. Place a 100g mass at the end of the string on the ground as the load to be lifted (adjust the 

height of the motor so that the string is taut but the mass is on the ground). Tap to get in 

the graph mode of the LabQuest 2. You should see Current v. Time and Potential v. Time 

graphs. Click  to begin data collection. Close the switch so that the motor turns 

and lifts the mass. Open the switch before the mass reaches the top.  

5. Record the change in height, Δh, that the bottom of the weight moves. 

6. After the data collection is complete, drag across the region of the graph obviously 

corresponding to the mass being lifted.  Zoom in to determine the average potential and 

current during the lifting time interval as well as the time interval itself. From the 

"Analyze" menu, tap "Statistics," then choose "Potential" and "Current." At the bottom of 

the graphs there are two fields, one labeled "Current" and one labeled "Potential." Tap 

each in turn to get the mean values of the potential and current. 

7. The product of the mean potential, the mean current, and the time interval is the electrical 

energy used. Calculate this in the Analysis section below. 

8. Repeat Steps #4 – 7 with masses of 150g, g, 170g, 200g, 230g, 250g, and 300g.  

 

Observations & Data:  

Run Distance, Δh, 

Mass was 

lifted (m) 

Load (g) Voltage (V) Current (A) Time (s) 

1 0.6704 100 4.066 0.6260 0.700 

2 0.8007 150 3.781 0.6260 1.100 

3 0.8273 170 3.597 0.6260 1.300 

4 0.8317 200 3.179 0.6260 1.500 

5 0.8532 230 3.099 0.6260 1.800 

6 0.8573 250 3.079 0.6260 1.800 

7 0.8055 300 2.580 0.6260 2.500 

Two 6V 

batteries 
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Run Load 

Lifted  

Electrical Energy 

Used  

Mechanical Energy 

Output  

Percent Efficiency                 

 (g) (J) (J) (%) 

1 200 g 1.27 0.658 37.0% 

2 250 g 2.60 1.17 45.0% 

3 300 g 2.93 1.38 47.1% 

4 330 g 2.99 1.63 54.5% 

5 350 g 3.49 1.93 55.3% 

6 400 g 3.47 2.10 60.5% 

7 430 g 4.04 2.37 58.7% 

 

Analysis: 

1. For each experimental run, calculate the increase in gravitational potential energy of the 

mass and record it in the data table. This is the mechanical energy output. 

 Ug = mgh 

 Ug1 = m1gh1 = (0.100kg)(9.81m/s2)(0.6704m) = 0.658 J 

 Ug2 = m2gh2 = (0.150kg)(9.81m/s2)(0.8007m) = 1.17 J 

 Ug3 = m3gh3 = (0.170kg)(9.81m/s2)(0.8273m) = 1.38 J 

 Ug4 = m4gh4 = (0.200kg)(9.81m/s2)(0.8317m) = 1.63 J 

 Ug5 = m5gh5 = (0.230kg)(9.81m/s2)(0.8532m) = 1.93 J 

 Ug6 = m6gh6 = (0.250kg)(9.81m/s2)(0.8573m) = 2.10 J 

 Ug7 = m7gh7 = (0.300kg)(9.81m/s2)(0.8055m) = 2.37 J 

 

2. For each run, calculate the product of the mean potential, the mean current, and the time 

interval. This is the electrical energy used. 

 I = q/t 

 Ue = Vq = VIt 

 Ue1 = V1I1t1 = (4.066V)(0.6260A)(0.7000s) =  1.78 J 

 Ue2 = V2I2t2 = (3.781V)(0.6260A)(1.100s) = 2.60 J 

 Ue3 = V3I3t3 = (3.597V)(0.6260A)(1.300s) = 2.93 J 

 Ue4 = V4I4t4 = (3.179V)(0.6260A)(1.500s) = 2.99 J 

 Ue5 = V5I5t5 = (3.099V)(0.6260A)(1.800s) = 3.49 J 

 Ue6 = V6I6t6 = (3.079V)(0.6260A)(1.800s) = 3.47 J 

 Ue7 = V7I7t7 = (2.580V)(0.6260A)(2.500s) = 4.04 J 

 

3. For each run, calculate the efficiency of the motor; that is, what percentage of the 

electrical energy into the motor was converted to gravitational potential energy? Record 

your answer in the data table. 

 % efficiency = (Eout/Ein)×100% 

 % efficiency1 = (Eout1/Ein1)×100% = (0.658J/1.78J)×100% = 37.0% 

 % efficiency2 = (Eout2/Ein2)×100% = (1.17J/2.60J)×100% = 45.0% 
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 % efficiency3 = (Eout3/Ein3)×100% = (1.38J/2.93J)×100% = 47.1% 

 % efficiency4 = (Eout4/Ein4)×100% = (1.63J/2.99J)×100% = 54.5% 

 % efficiency5 = (Eout5/Ein5)×100% = (1.93J/3.49J)×100% = 55.3% 

 % efficiency6 = (Eout6/Ein6)×100% = (2.10J/3.47J)×100% = 60.5% 

 % efficiency7 = (Eout7/Ein7)×100% = (2.37J/4.04J)×100% = 58.7% 

 

4. For which load was the motor most efficient? 

 The motor was most efficient for the 400g load.  

 

5. What happened to the remainder of the electrical energy that went to the motor? 

 The remainder of the energy was likely lost to friction and heat. 

 

6. In Excel, plot a graph of the efficiency of the motor as a function of the load. Print a copy 

of the graph. 

  

Conclusion:  

 The purpose of this lab was to utilize an electric motor used as a crude elevator in order 

to measure the current through, and voltage across, the motor as it lifts a small mass. It was 

found that, as the load being pulled increased, the voltage generally decreased. Meanwhile, the 

current stayed the same. This decrease in voltage as the load increases makes sense because P = 

I2R = V2/R, and power is being consumed by the load’s pull upward since the force time velocity 

required to pull a heavier mass is decreasing. Therefore, as power decreases, the voltage does 

too. Assuming that all energy goes toward lifting the masses, the energy needed to pull the 

masses would equal mgh, or the change in potential energy which would equal the change in 

kinetic energy due to conservation of energy. No motor is 100% efficient, however, so the actual 

energy used was calculated using Ue = Vq = VIt. Finally, efficiency is the energy out, or 

the energy at 100% efficiency over the energy actually required to do the work. It was found that 

this efficiency was less at lower masses, most likely due to friction since, at lower loads, the 

majority of the energy is being used to overcome that initial frictional force. As the load 

increases, friction plays a smaller role in the overall efficiency. This also explains why efficiency 

was greatest at higher loads. One source of experimental error is energy lost due to heat and 

friction internally by the motor. This loss of energy likely decreased the velocity of the moving 

weights, thus increasing times, and resulting in an energy use greater than expected. That would 

have also decreased efficiency.  
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Name: Connor Humiston 

Lab Partner: Alethia Daugherty,  

  Makala Smith 

Course: AP Physics C E&M 

Instructor: Coach McKellips 

Period: 4 

 

Lab #22- Simple Series & Parallel Circuits 

 

Purpose: To investigate the relationship among the resistance of, the current in, and the 

potential difference across elements in simple series and simple parallel circuits 

 

Hypothesis: First off, the current across a resistor will be found to be equal to the current 

across any other resistor when those resistors are in series, and the current in each resistor 

of a parallel circuit will always add to be the current across the entire circuit. Secondly, 

the voltage drops across resistors in series will be found to add up to be the voltage drop 

across the across the entire circuit while the voltage drop across any resistor in parallel 

will equal the voltage drop of every other resistor. Lastly, the resistance of a circuit in 

series will be found to be a summation of the resistors’ individual resistances while the 

resistance of a parallel circuit will be found to be one over the inverse of its individual 

resistances.  

 

Materials: Vernier circuit board, Vernier LabQuest 2, Vernier current probe, Vernier 

differential voltage probe, 6 V battery, two insulated connecting wire with alligator 

clips—one red and one black, Vernier set of colored insulated connecting wires with 

alligator clips 

 

Experimental Design & Procedure: 

1. Explore the layout of the circuit board. Notice that there is a compartment to 

insert two 1.5 V "D" Cell batteries in series to create a 3 V potential difference. 

Immediately below this is a switch (SW1) that can be toggled between "3 V" and 

"External." In this lab the "D" Cell compartment but will NOT be used; rather a 6 

V battery will be connected to terminal posts "J1" and "J2" on the lower left of the 

board where it says "10 VDC maximum." Therefore, the 3 V position on the 

switch is effectively the "off" position and the "External" position on the switch is 

the "on" position for this lab. ALWAYS have the switch in the 3V (off) position 

unless taking a reading. 

2. Connect the 6 V battery to the circuit board by connecting the positive terminal of 

the battery with the red connecting wire to the red post (J1) and the negative 

terminal of the battery with the black connecting wire to the black post (J2). 

Again, make sure to have Switch SW1 in the 3V (off) position. 

 

Part I- Series Circuits 

3. Screw in three 7.5 V light bulbs into the three bulb bases. Make sure to use the 

spherical light bulbs that came with the circuit board NOT the more cylindrical 

ones—the spherical ones can handle 7.5 V but the cylindrical ones can only 
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handle 3 V. Wire the three bulbs in series by connecting the lightbulb post on one 

side of the lightbulb to the other side of the next bulb. Continue this process with 

each bulb until the posts on the end two bulbs remain. Connect these posts with a 

wire to the positive and negative metal posts that lead to the battery. Reference 

the image after Step #7 for guidance.  

4. Use one of the colored Vernier connecting wires to connect the post on one side 

of the first light bulb in series to the post labeled "-" and "35" in the lower middle 

of circuit board OR top middle of circuit board- just to the right of the battery 

compartment. Use a differently colored one of the Vernier connecting wires to 

connect the post on other side of the last light bulb in series to the post labeled "+" 

and "1". Flip Switch SW1. All three bulbs should light but be dim. This is how to 

know the circuit is connected properly. Then toggle the switch back to off (3 V). 

5. Connect the Vernier current probe to Channel 1 and the Vernier differential 

resistance probe to Channel 2 of the Vernier LabQuest 2. Turn on the LabQuest 2. 

Both probes should be automatically recognized. Connect the black and red leads 

of the differential voltage probe to each other and zero both probes by tapping the 

colored field on the LabQuest containing the name of the probe and choosing 

"Zero."  

6. The current probe needs to be attached in series to a circuit element in order to 

check the current through that element. Add the current probe in series by 

unplugging one of the wires from a lightbulb post and instead connecting it to the 

current probe. Add another wire to the other side of the current probe and the 

remaining empty lightbulb post. Do NOT yet flip the switch. Reference the image 

after Step #7 for guidance. 

7. The differential voltage probe needs to be attached in parallel to a circuit element 

in order to check the voltage drop across that element. Connect the differential 

probe in parallel with one of the lightbulbs by attaching its probes to both sides of 

one lightbulb as seen below. Now flip the switch. If the circuit is connected 

properly, ALL THREE light bulbs will again light and both the voltage across the 

light bulb and the current through the light bulb will be displayed on the LabQuest 

2. Turn the switch off before proceeding. 
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8. The previous set-up can now used as a model for quantitatively analyzing the R1 

(10 Ω), R2 (51 Ω), and R3 (68 Ω) resistors in series. Change the connections 

appropriately by moving what wires were connected to each battery to each new 

resistor to check the current in and the voltage drop across the 10 Ω resistor 

WHILE ALL THREE ARE IN SERIES. Toggle the switch and record the voltage 

drop and current in the data table. Then flip the switch to the off (3 V) position. 

Toggle the switch again for Trial #2.  

9. Repeat step #8 for the battery itself and the 51 Ω and 68 Ω resistors. 

 

Part II- Parallel Circuits 

10. Wire the bulbs in parallel by attaching wires from the end of one light bulb to the 

same end of another and continue down the line of bulbs. Reference the image 

after Step #14 for guidance.  

11. Use one of the colored Vernier connecting wires to connect the post on one side 

of the bulbs in parallel to the post labeled "-" and "35". Use a differently colored 

one of the Vernier connecting wires to connect the post on other side of the bulbs 

in parallel to the post labeled "+" and "1”. Flip Switch SW1. All three bulbs 

should light and be bright. This is how to know the circuit is connected properly. 

Then toggle the switch back to off. 

12. Connect the Vernier current probe to Channel 1 and the Vernier differential 

resistance probe to Channel 2 of the Vernier LabQuest 2. Turn on the LabQuest 2. 

Both probes should be automatically recognized. Connect the black and red leads 

of the differential voltage probe to each other and zero both probes by tapping the 

colored field on the LabQuest containing the name of the probe and choosing 

"Zero."  

13. The current probe needs to be attached in series to a circuit element in order to 

check the current through that element. To attach the current probe in series, 

unplug one of the connecting wires going from the same end of two resistors and 

connect the current probe in its place. When the wiring is transferred to the 

resistors, this probe will be measuring the current in the resistor just before this 

series connection. Reference the image after Step #14 for guidance. Do NOT yet 

flip the switch. 

14. The differential voltage probe needs to be attached in parallel to a circuit element 

in order to check the voltage drop across that element. To attach the voltage probe 

in parallel, connect each probe to both ends of the lightbulb, and eventually 

resistor, being tested as seen in the image below. Now flip the switch. If the 

circuit is connected 

properly, the light bulb 

will light and both the 

voltage across the light 

bulb and the current 
through the light bulb 

will be displayed on 

the LabQuest 2. Turn 

the switch off before 

proceeding. 
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15. The previous set-up can now used as a model for quantitatively analyzing the 10 

Ω, the 51 Ω, and the 68 Ω resistors in parallel. Change the connections 

appropriately by moving what wires are connected to the lightbulbs to their 

respective resistors in order to check the current in and the voltage drop across the 

10 Ω resistor WHILE ALL THREE ARE IN PARALLEL. Toggle the switch and 

record the voltage drop and current in the data table. Then flip the switch to the 

off (3 V) position. Toggle the switch again for Trial #2.  

16. Repeat step #15 for the battery itself and the 51 Ω and 68 Ω resistors. 

 

Observations & Data:  

Table 1 (for Part I) 

Trial R1 

(Ω) 

R2 

(Ω) 

R3 

(Ω) 

I0 (A) I1 (A) I2 (A) I3 (A) V1 

(V) 

V2 

(V) 

V3 

(V) 

V0 

(V) 

1 10 51 68 0.0422 0.0423 0.0422 0.0422 0.418 2.113 2.816 5.350 

2 10 51 68 0.0422 0.0422 0.0422 0.0422 0.417 2.112 2.816 5.352 

Ave. 10 51 68 0.0422 0.0423 0.0422 0.0422 0.418 2.113 2.816 5.351 

 

Table 2 (for Part II) 

Trial R1 

(Ω) 

R2 

(Ω) 

R3 

(Ω) 

I0 (A) I1 (A) I2 (A) I3 (A) V1 

(V) 

V2 

(V) 

V3 

(V) 

V0 

(V) 

1 10 51 68 0.6226 0.5439 0.1410 0.0603 4.032 4.030 4.051 4.040 

2 10 51 68 0.6226 0.5440 0.1405 0.0604 4.041 4.041 4.052 4.038 

Ave. 10 51 68 0.6226 0.5440 0.1408 0.0604 4.037 4.037 4.041 4.039 

 

Analysis:  

 1.  Use the average values from Table 1 to determine the following: 

      (a) Determine the equivalent resistance of the circuit using the measured values  

   of Vo and Io and Ohm’s Law: Rs = V0/I0. 

    Rs = V0/I0 = 5.351V/0.0422A = 127 Ω 

      (b) Determine the equivalent resistance of the circuit using the printed   

   resistor values by Rs = R1 + R2 + R3. 

    Rs = R1 + R2 + R3 = 10 Ω + 51 Ω + 68 Ω = 129 Ω 

      (c) Calculate the percent difference between the answers to (a) and (b) above 

treating (b) as the “more trusted” value. 

 % Difference = |RsOhm’s - Rse| × 100% 

                         Rse 

               = |127 Ω – 129 Ω | × 100% 

           129 Ω 

             = 2% 
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      (d) Compare the sum of the individual voltage drops V1 + V2 + V3 with the 

voltage drop across the entire circuit, V0.  

    Vsun = V1 + V2 + V3 = 0.418V + 2.113V + 2.816V = 3.699V 

    V0 = 5.351V 

 % Difference = |Vsum – V0| × 100% 

                       V0 

               = |3.699V – 5.351V | × 100% 

           5.351V 

                   = 30.87% 

      (e) Examine each of the current values in the circuit and determine the 

significance of their relative magnitudes.  

    The current values for this circuit in series are all about equal. 

 

 2.  Use the average values from Table 2 to determine the following: 

      (a) Determine the equivalent resistance of the circuit using the measured values  

   of Vo and Io and Ohm’s Law: Rp = V0/I0. 

    Rp = V0/I0 = 4.039V/0.6226A = 6.487 Ω 

      (b) Determine the equivalent resistance of the circuit using the printed resistor  

   values by Rp = [R1
-1 + R2

-1 + R3
-1]-1. 

    Rp = [R1
-1 + R2

-1 + R3
-1]-1 = [(10 Ω) -1 + (51 Ω) -1 + (68 Ω) -1]-1 = 7.4 Ω 

      (c) Calculate the percent difference between the answers to (a) and (b) above 

treating (b) as the “more trusted” value. 

 % Difference = |RsOhm’s - Rse| × 100% 

                         Rse 

               = |6.487 Ω – 7.4 Ω | × 100% 

           7.4 Ω 

               = 12.3% 

  (d) Compare the sum of the individual currents I1 + I2 + I3 with the entire circuit 

current, I0.  

    Isum = I1 + I2 + I3 = 0.5440A + 0.1408A + 0.0604A = 0.7452A 

    I0 = 0.6226A 

 % Difference = |Isum – I0| × 100% 

                       I0 

               = |0.7452V – 0.6226V | × 100% 

           0.6226V 

                   = 19.69% 

      (e) Examine each of voltage drops in the circuit and determine the significance of 

their relative magnitudes.  

     The voltage drops across different resistors in parallel are all about equal.  

 

Conclusion: 

 The purpose of this lab was to investigate the relationship among the resistance of, 

the current in, and the potential difference across elements in simple series and simple 

parallel circuits. The hypothesis was supported, firstly, because the equivalent resistance 

of both the series and parallel circuits found using Ohm’s Law, Rp = V0/I0, was found to 
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be only 2% different than the equivalent resistance calculated by summing up the 

individual resistances of a the series circuit, meaning they were essentially the same, and 

confirming that the total resistance across a series circuit is the summation of its 

individual resistances (Rs = R1 + R2 + R3 +…). Similarly, the equivalent resistance 

calculated using Ohm’s Law was only 12.3% different than the equivalent resistance 

calculated by one over the inverse of each individual resistance in parallel, meaning they 

too were essentially the same, confirming that the total resistance across a parallel circuit 

can be represented by the equation Rp = [R1
-1 + R2

-1 + R3
-1 +…]-1. Furthermore, the 

summation of individual voltage drops in a series circuit was found to be 30.87% 

different from the voltage drop across the battery. It is safe to assume that the voltage 

drop across a series circuit is the sum of its individual drops, but this somewhat high 

percent difference was likely caused by the inevitable loss of heat from the system from 

different orientations. Since voltage is defined as energy per charge, this loss of energy 

would result in a lower potential difference than the expected value. The voltage drops 

across a parallel circuit were found to be equal. Finally, the currents through resistors in 

series was found to be equal while the summation of individual currents in parallel was 

found to be 19.69% different than the current across the entire circuit. It is safe to 

assume, then, that the individual currents of resistors in parallel add up to the total 

current, as this high percent difference was likely caused by experimental error such as 

the resistance of wires. Current is defined as the amount of charge that flows per time, so 

the internal resistance of wires would decrease the amount of charge flowing per time, 

decreasing the current across the entire circuit of wires.  
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

  Makala Smith 

Course: AP Physics C E&M 

Instructor: Coach McKellips 

Period: 4 

 

 

Lab #23- Compound Resistor Circuits 

 

Purpose: To investigate the relationship among the resistance of, the current in, and the 

potential difference across elements in compound resistor circuits 

 

Materials: Vernier circuit board, Vernier LabQuest 2, Vernier current probe, Vernier 

differential voltage probe, 6 V battery, two insulated connecting wire with alligator 

clips—one red and one black, Vernier set of colored insulated connecting wires with 

alligator clips 

 

Experimental Design & Procedure: 

 
       R1      a           R3 

 

 

     Vo   R2 

 

                   

                     R4 

 1. The circuit pictured above depicts the compound circuit that will be created in this 

  lab. R1= 10 , R2= 51  and R3= 68  and R4= 68 .  

 2. Explore the layout of the circuit board. Notice that there is a compartment to  

  insert two 1.5 V "D" Cell batteries in series to create a 3 V potential difference.  

  Immediately below this is a switch (SW1) that can be toggled between "3 V" and  

  "External." In this lab the "D" Cell compartment but will NOT be used; rather a  

  6 V battery will be connected to terminal posts "J1" and "J2" on the lower left of  

  the board where it says "10 VDC maximum." Therefore, the 3 V position on the  

  switch is effectively the "off" position and the "External" position on the switch is 

  the "on" position for this lab. ALWAYS have the switch in the 3V (off) position  

  unless taking a reading. 

 3. Connect the 6 V battery to the circuit board by connecting the positive terminal of 

  the battery with the red connecting wire to the red post (J1) and the negative  

  terminal of the battery with the black connecting wire to the black post (J2).  

  Again, make sure to have Switch SW1 in the 3V (off) position. 

 4. Look at the numbers next to the posts on the Vernier Circuit Board. Use one of 

the colored Vernier connecting wires to connect the post on left side of R1 (Post 

b 
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#2) to the post labeled "+" and "1." Use a differently colored one of the Vernier 

connecting wires to connect the post on the right side of R4 (Post #13) to the post 

labeled "-" and "35."  

 5. With other Vernier connectors, create the circuit depicted in the diagram by 

connecting Post #3 to Post #10, Post #3 to Post #6, Post #11 to Post #12, and Post 

#7 to Post #35. Ensure that the sequence makes sense. 

 6. Connect the Vernier current probe to Channel 1 and the Vernier differential  

  resistance probe to Channel 2 of the Vernier LabQuest 2. Turn on the LabQuest 2. 

  Both probes should be automatically recognized. Connect the black and red leads  

  of the differential voltage probe to each other and zero both probes by tapping the 

  colored field on the LabQuest containing the name of the probe and choosing  

  "Zero."  

 7. The current probe needs to be attached in series to a circuit element in order to 

check the current through that element. Add the current probe in series by 

unplugging the wire from the battery leading to R1, and instead attaching it to one 

of the current probes. Attach the remaining current probe to R1 where the battery 

wire originally was. This will check the current in R1. Do NOT yet flip the switch. 

 8. The differential voltage probe needs to be attached in parallel to a circuit element 

in order to check the voltage drop across that element. Attach the voltage probe in 

parallel by connecting each of its wires to each side of R1. Toggle the switch for 

no more than three seconds. If the circuit is connected properly, both the voltage 

across R1 and the current through the R1 will be displayed on the LabQuest 2. Flip 

the switch off. Record the voltage drop and current in the data table. Toggle the 

switch again for a second trial. 

 9. Repeat Steps #7 and #8, changing the connections appropriately to check the 

current in and the voltage drop across the other resistors WHILE ALL FOUR OF 

THE RESISTORS REMAIN CONNECTED IN THEIR APPROPRIATE 

PLACES IN THE CIRCUIT. Record the data for both trials each time.  

 

Observations & Data:  

Table 1 
Trial R1 

() 

R2 

() 

R3 

() 

R4 

() 

I0 (A) I1 (A) I2 (A) I3 (A) I4 (A) V1 

(V) 

V2 

(V) 

V3 

(V) 

V4 

(V) 

V0 

(V) 

1 10 51 68 68 0.0963 0.0963 0.0733 0.0274 0.0275 0.944 3.687 1.856 1.862 4.715 

2 10 51 68 68 0.0969 0.0969 0.0733 0.0274 0.0274 0.960 3.706 1.853 1.861 4.787 

Ave. 10 51 68 68 0.0966 0.0966 0.0733 0.0274 0.0274 0.952 3.697 1.855 1.862 4.751 

 

Analysis:  

1. Determine the equivalent resistance of the circuit using the average measured 

values of Vo and Io and Ohm’s Law: Req = V0/I0. 

 Req = V0/I0 = 4.751V/0.0966A = 49.2 Ω 

 

2. Determine the equivalent resistance of the circuit using the printed  resistor values. 

  Req = R1 + R2//(R3 + R4) = R1 + [R2
-1 + (R3 + R4)

-1]-1 

        = 10 Ω + [(51 Ω)-1 + (68 Ω + 68 Ω)-1]-1 

        = 47.09 Ω 
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3. Calculate the percent difference between the equivalent resistance values found 

above using Ohm’s law and the printed resistor values. 

  % Difference = |ROhm’s - Reqprinted| × 100% 

            Reqprinted 

            = |49.2 Ω – 47.09 Ω| × 100% 

    47.09 Ω 

            = 4.48% 

 

4. Compare the current calculated using Ohm’s law and the equivalent resistance to 

the current measured across the circuit. 

  I0 = V0/Req = 4.751V/47.09 Ω = 0.1009A 

  I0measured = 0.0966A 

 

  % Difference = |I0measured - I0Ohm’s| × 100% 

            I0Ohm’s 

            = |0.0966A – 0.1009A| × 100% 

             0.1009A 

            = 4.26% 

 

5. Compare the current entering junction a (as seen in the procedure diagram) to the 

sum of the current exiting junction a.  

  Ientering = I1 = A 

  Iexiting = I2 + I3 = 0.0733A + 0.0274A = 0.1007A 

 

  % Difference = |Ientering – Iexiting| × 100% 

            Iexiting 

            = |0.0966A – 0.1007A| × 100% 

             0.1007A 

                       = 4.07% 

 

6. Determine an equation representing the sum of the voltage drops in the closed 

loop involving V2, V3, and V4. Then, compare the values on both sides of the 

equation in a percent difference calculation.  

    V3 + V4 - V2 = 0 

    V3 + V4 = V2 

    V2 = 3.697V 

    V34 = V3 + V4 = 1.855V + 1.862V = 3.717V 

 

  % Difference = |V34 - V2| × 100% 

            V2 

            = |3.717V – 3.697V| × 100% 

    3.697V 

                    = 0.5410% 
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Conclusion: 

  The purpose of this lab was to investigate the relationship among the resistance 

of, the current in, and the potential difference across elements in compound resistor 

circuits. First off, Ohm’s law confirmed that the equivalent resistance of a compound 

circuit is the sum of its individual series and parallel parts, using their respective rules (Rs 

= R1 + R2 +… & Rp = (R1
-1 + R2

-1 +…)-1) since there was only a 4.48% difference 

between the resistance found using Ohm’s Law and the combination of series and parallel 

resistances, meaning they were essentially the same. Furthermore, there was only a 

4.26% difference between the current across the circuit calculated using Ohm’s law and 

the current measured across the circuit, further indicating compound circuits’ 

compatibility with Ohm’s Law. Additionally, it was found that the current entering a 

junction equaled the current exiting that junction. A small 4.07% difference between the 

I1 entering junction a and the I3 + I4 exiting the junction confirms the general rule that the 

sum of currents flowing into a junction equals the sum of currents flowing out of that 

junction. Lastly, only a 0.5410% difference was found between the voltage drop across 

R2 and the sum of voltage drops across R3 and R4, illustrating the general rule that the 

sum of changes in potential around any closed loop is zero. One source of error for this 

lab may have been due to the resistance of the wires or aging of resistors. When resistors 

age, they can gain resistance. Also, the resistance of wires would cause the measured 

resistance across the circuit to appear larger than it really is. Both of these inevitable 

sources of error would have resulted in a greater measured resistance across parts of the 

circuit. 
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

  Makala Smith  

Course: AP Physics C E&M 

Instructor: Coach McKellips 

Period: 4 

 

AP C E&M Lab #24- Transient RC Circuits 

 

Objectives:  

• To measure an experimental time constant of an RC circuit 

• To compare the time constant to the value predicted from the component values 

of the resistance and capacitance. 

• To measure the potential across a capacitor as a function of time as it discharges 

and as it charges. 

• To fit an exponential function to the data 

 

Materials: Vernier circuit board, Vernier LabQuest 2, Vernier differential voltage probe, 

two D-Cell batteries, Vernier set of colored insulated connecting wires with alligator 

clips  

 

Experimental Design & Procedure: 

 
1. Figure 1 above depicts numbers that can be found on the Vernier circuit board. 

Using the Vernier connecting wires, connect the circuit to include the 10 F 

capacitor and the 100 K resistor as shown. Note: The switch SW2 is in 

“discharge” mode when down toward Post #34 and in “charge” mode when up 

toward Post #32. Also Note: The differential voltage probe is attached across  

 Post #20 and Post #21 

2. Below the compartment to insert two 1.5 V "D" Cell batteries is a switch (SW1) 

that can be toggled between "3 V" and "External." In this lab the "D" Cell 

compartment but will NOT be used; rather a 6 V battery will be connected to 

terminal posts "J1" and "J2" on the lower left of the board where it says "10 VDC 

maximum." Therefore, the 3 V position on the switch is effectively the "off" 
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position and the "External" position on the switch is the "on" position for this lab. 

ALWAYS have the switch in the 3V (off) position unless taking a reading. 

3. Connect the 6 V battery to the circuit board by connecting the positive terminal of 

the battery with the red connecting wire to the red post (J1) and the negative 

terminal of the battery with the black connecting wire to the black post (J2). 

Again, make sure to have Switch SW1 in the 3V (off) position. 

 4. Connect the differential voltage probe to Channel 1 of the Vernier LabQuest 2.  

  Turn on the LabQuest 2. The probe should be automatically recognized. Connect  

  the black and red leads of the differential voltage probe to each other and zero it  

  by tapping the colored field on the LabQuest 2 containing the name of the probe  

  and choosing "Zero."  

 5. Make sure the leads of the differential voltage probe are connected across the 

capacitor. Set Switch 1, SW1, located below the battery holder on the Vernier 

Circuit Board, to “External.” 

 6. Set Switch 2, SW2, to charge the capacitor by flipping the switch closer to 

terminal #32. Watch to see if the potential increases with time. Charge it for at 

least 10 seconds. 

 7. In graph mode of the LabQuest 2, click  to begin data collection. As soon 

as graphing starts, flip/toggle Switch 2 to discharge the capacitor. Your graph 

should show a constant value initially and then a decreasing exponential function. 

Make sure to flip Switch 1 OFF after collecting data. 

 8. To compare the data to the theoretical model, select only the data after the 

potential has started to decrease (click and drag across only the curved portion of 

the graph—omit the constant portions on either end). From the Analyze menu, 

choose Curve Fit and from the function selection box, choose Natural Exponential 

function, A*exp(-Ct) + B. Inspect the fit. Click "OK." 

 9 Record the value of the fit parameters in the data table. Notice that the “C” 

parameter used in the curve fit is NOT the same as “C” representing capacitance. 

Compare the fit equation to the theoretical mathematical model for a capacitor 

discharging as a function of time: V(t) = Vo𝑒
−

𝑡

𝑅𝐶. How is the fit constant C related 

to the time constant of the circuit, where the time constant, , equals the product 

of the resistance and capacitance. 

 10. Save and print the graph of potential vs. time for later analysis. 

 11. The capacitor is now discharged. To monitor the charging process, click 

again. This time, as soon as data collection begins, change the Switch 2 so that the 

capacitor charges. Allow data collection to run to completion. 

 12. This time, compare the graph data to the mathematical model for a capacitor 

charging: V(t) = Vo(1 − 𝑒−
𝑡

𝑅𝐶). Again, record the value of the fit parameters in 

the data table and save and print the graph of potential vs. time for later analysis. 

 13. Rebuild the circuit using the 47 K resistor instead of the 100 K resistor. How 

do you think this change will affect the way the capacitor discharges/charges? 

Repeat the experiment Steps #6-#12 with this resistor of lower value.  
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Observations & Data:  

 Fit Parameters Resistor Capacitor Time Constant 

Trial A B C 1/C R () C (F) RC (s) 

Discharge 1 7.1231 0.06619 0.81783 1.2227 1.0×105 1.0×10-5 1 

Charge 1 -103.49 5.2522 0.819 1.2210 1.0×105 1.0×10-5 1 

Discharge 2 21.806 0.03742 1.7214 0.5809 4.7×104 1.0×10-5 0.47 

Charge 2 -207.97 5.3154 1.7185 0.5819 4.7×104 1.0×10-5 0.47 

 

Analysis:  

1. Calculate the time constant of the circuits used; that is the product of the 

resistance and capacitance. How does this compare to the inverse of the fit 

constant C? 

   = R1C1 = (1.0×105)(1.0×10-5F) = 1s 

   = R2C2 = (4.7×105)(1.0×10-5F) = 0.47s 

  (1/C)ave1 = (1.2227s + 1.2210s)/2 = 1.2219s 

  (1/C)ave2 = (0.5809s + 0.5819s)/2 = 0.5814s 

   

  % Difference1 = |(1/C)ave1 - | × 100% 

                

            = |1.2219s – 1s| × 100% 

            1s  

            = 22.19% 

 

  % Difference2 = |(1/C)ave2 - | × 100% 

                

            = |0.5809s – 0.47s| × 100% 

           0.5809s  

            = 24% 

 

2. What was the effect of reducing the resistance of the resistor on the way the 

capacitor discharged? 

Reducing the resistance of the resistor increased the rate at which the 

capacitor discharged because increased the C value of the Ae-Ct + B 

equation.  

  

3. What would a graph of ln(V) vs. time for a capacitor discharge circuit look like? 

Sketch this graph by hand on graph paper. 

  V(t) = 7.123e-0.81783t + 0.06619 

  t = 1s: ln[V(0)] = ln(7.123e-0.81783(0) + 0.06619) = 1.973 

  t = 2s: ln[V(1)] = ln(7.123e-0.81783(1) + 0.06619) = 1.166 

  t = 3s: ln[V(2)] = ln(7.123e-0.81783(2) + 0.06619) = 0.3743 

  t = 4s: ln[V(3)] = ln(7.123e-0.81783(3) + 0.06619) = -0.3875 

  t = 5s: ln[V(4)] = ln(7.123e-0.81783(4) + 0.06619) = -1.089 

  t = 6s: ln[V(5)] = ln(7.123e-0.81783(5) + 0.06619) = -1.685 

  t = 7s: ln[V(6)] = ln(7.123e-0.81783(6) + 0.06619) = -2.130 
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A graph of ln(V) versus time for a capacitor discharge will look like a 

straight line.  

 

4. What is the significance of the slope of a plot of ln(V) vs. time for a capacitor 

discharge circuit? 

    V = 𝑒−
𝑡

𝑅𝐶 

    ln(V) = -t/RC 

    ln(V) = (-1/RC)t 

 

    ln(V) versus time will yield a slope equal to -1/RC or -1/T. 

 

Conclusion: 

  The purpose of this lab was to measure an experimental time constant of an RC 

circuit, compare the time constant to the value predicted from the component values of 

the resistance and capacitance, measure the potential across a capacitor as a function of 

time as it discharges and as it charges, and fit an exponential function to the data. The 

time constant for a 1.0×105  circuit with a capacitance of 1.0×10-5 F was found to be 

1.2219s while the time constant for a 4.7×104  circuit with the same capacitance was 

found to be 0.5814s. These values were only about 20% different than the expected RC 

values, which may have been due to experimental error such as the inevitable resistance 

in wires and connections of the circuit that may have caused a greater found resistance 

than expected. Furthermore, the potential across the discharging capacitor in series with 

the 1.0×105  resistor as a function of time was found to be V(t) = 7.123e-0.81783t + 

0.06619, analogous to the V(t) = Vo𝑒
−

𝑡

𝑅𝐶 equation. Furthermore, it was discovered that a 

ln(V) vs t graph will yield a straight line slope equal to -1/RC or -1/T. 
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

  Makala Smith 

Course: AP Physics 

Instructor: Coach McKellips 

Period: 4 

 

Lab #25- The Magnetic Field From a Permanent Magnet 

 

Purpose: To use a magnetic field sensor to measure the magnetic field strength as a 

function of distance from of a set small disk magnets 

 

Hypothesis: The magnetic field strength will be found to be inversely proportional to the 

square of the distance between the sensor and magnets.  

 

Materials: 2 ceramic disk magnets, Vernier LabQuest 2, Vernier Magnetic Field Sensor, 

masking tape, meter stick, index card 

 

Experimental Design & Procedure: 

 

 
 

1. Connect the Vernier Magnetic Field Sensor to Channel 1 of the LabQuest 2. Set 

the switch on the sensor to 6.4 mT. 

2. Tape the meter stick and the magnetic field sensor to the lab table as shown in 

Figure 1. The body of the magnetic field sensor should be parallel to the meter 

stick, with the white dot pointing in the direction of increasing distance. Identify 

the location of the sensor and align this location with the zero mark on the 

meterstick. 

3. As a convenient way to measure to the center of the magnet set and to ease the 

handling of the small magnets, allow the magnets to attract one another through 

the index card close to each edge of the card near one of the corners. The magnets 

should stay in place on the card. The card will serve as the marker for the center 

of the magnet pair. 

4. With the LabQuest 2 in "meter" mode, zero the sensor with the magnets far away 

from the sensor in order to remove the effect of the earth's magnetic field and any 

other local magnetism.  
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5. Instead of moving the sensor in this lab, the magnets will be moved. Position the 

magnets so that the card is perpendicular to the tip of the magnetic field sensor  

2.5 cm from the white line that marks the sensor's location (see Figure 1).  

6. Monitor the readings. If necessary, reverse the magnets and reposition them so 

that the magnetic field values are positive.  

7. Record the sensor reading a distance of 2.5 cm from the center of the magnets in 

the data table. 

8. Taking care not to move the magnetic field sensor or meter stick, move the 

magnet 5.0 mm farther from the sensor. Record the new distance and sensor 

reading in the data table 

9. Repeat Step #8 for a total of ten data points.  

 

Observations & Data:  

Distance 

(m) 

 

Magnetic Field 

Sensor Reading 

(mT) 

Trial 1 

Magnetic Field 

Sensor Reading 

(mT) 

Trial 2 

Magnetic Field 

Sensor Reading 

(mT) 

Average 

1/Distance2 

(1/m2) 

1/Distance3 

(1/m3) 

0.0250 6.162 6.477 6.320 1.60×103 6.40×104 

0.0300 4.505 4.549 4.527 1.11×103 3.70×104 

0.0350 2.551 2.253 2.402 816 2.33×104 

0.0400 1.734 1.631 1.683 625 1.56×104 

0.0450 1.348 1.207 1.278 494 1.10×104 

0.0500 0.931 0.872 0.902 4.00×102 8.00×103 

0.0550 0.701 0.806 0.754 331 6.01×103 

0.0600 0.595 0.596 0.596 278 4.63×103 

0.0650 0.422 0.535 0.479 237 3.64×103 

0.0700 0.387 0.407 0.397 204 2.92×103 

 

Analysis:  

1. Using graph paper and a pencil, graph the magnetic field strength as a function of 

distance. Be sure to draw in the best fit. Can the specific relationship between 

magnetic field strength and distance be determined from this graph? 

  A relationship cannot be determined from this graph since it is not linear. 

 

2. Now make two more pencil and paper graphs: graph magnetic field strength as a 

function of one over distance squared and magnetic field strength as a function of 

one over distance cubed. Examine the best fits of these graphs. 

  Although both graphs are nearly linear, the B v. 1/x3 graph is the most  

  linear. 

 

3. What is the strongest mathematical statement that can be made from the graphs? 

 The strongest mathematical statement that can be made from the graphs is 

that magnetic field strength is inversely proportional to the distance cubed 

between the magnets and sensor.  
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Conclusion: 

  The purpose of this lab was to use a magnetic field sensor to measure the 

magnetic field strength as a function of distance from of a set small disk magnets. It was 

hypothesized that the magnetic field strength would be inversely proportional to the 

distance between the sensor and magnets squared. This hypothesis was no supported 

because a graph analyzing the magnetic field strength vs. 1/distance2 was not as linear as 

the graph comparing magnetic field strength vs. 1/distance3. From this linear relationship, 

it can be supported that magnetic field strength is proportional to 1/distance3. One source 

of experimental error in this lab could have arisen from the impossibility of perfectly 

aligning the center of the magnets with the center of the sensor. This unalignment may 

have decreased the magnetic field strength for particular data points, skewing results.  
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty,  

  Makala Smith  

Course: AP Physics C E&M  

Instructor: Coach McKellips 

Period: 4 

 

Lab #26- B-Fields Created by Current Carrying Wires, Coils, & Solenoids 

 

Purpose:  

Part A: Predict and determine the direction and strength of the magnetic field created by a 

straight current carrying wire as a function of the distance from the wire 

Part B: Predict and determine the direction and strength of the magnetic field created by a 

  current carrying coil about the coil 

Part C: Predict and determine the direction and strength of the magnetic field created by a 

  solenoid inside the solenoid 

 

Hypotheses:  

Part A: The magnetic field created by a straight, current carrying wire will point 

 perpendicular and wrap around the wire in a circle where, if the current pointed in the 

 direction of one’s thumb, the magnetic field would curl in the direction of one’s 

 fingers. The magnetic field will be found to be inversely proportional to the distance 

 from the wire.  

Part B: The magnetic field created by a current carrying coil will point through and 

 around the coil in an oval shape where, if the current pointed in the direction of one’s 

 thumb, the magnetic field would curl in the direction of one’s fingers. The magnetic 

 field about a current carrying coil will be found to be directly proportional to the 

 current and the number of loops of the coil. 

Part C: The magnetic field created by a solenoid will point through the coil where, if 

 one’s thumb represented the direction of the solenoid’s current, one’s fingers would 

 curl in the direction of the magnetic field. The magnetic field at the center of a 

 solenoid will be found to be directly proportional to the number of loops per unit 

 length. 

 

Materials: 6 V battery, knife switch, Vernier LabQuest 2, Vernier Magnetic Field 

Sensor, digital multi-meter, Slinky Jr., two hardback Tipler AP Physics C E&M texts, 

ring stand, beaker, small magnetic compass, length of 12-gauge copper wire, 9.75Ω 

resistor, 15Ω resistor, 20Ω resistor, 47.7Ω resistor, meter stick, tape, and connecting 

wires with alligator clips 

 

Experimental Design & Procedure Data: 

 

 

 

 

 
12-Gauge 

Copper Wire 

Figure 1 

Knife Switch 
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Part A 

1. Set up the equipment as seen in Figure 1. Push the piece of bare copper wire through 

a sheet of paper and attach the ends of the bare copper wire to alligator leads. Support 

the paper and bare copper wire with two physics texts. Place the lower alligator clip 

and connecting wire on the lab table and hang the upper connecting wire from the 

ring stand. Finish completing the circuit with the connecting wires by attaching them 

to the switch and to the battery.  

2. Determine the direction that current will flow in the circuit by noting which terminal 

of the battery is connected to the top of the wire and which terminal is connected to 

the bottom of the bare copper wire. 

3. It will be necessary to determine which needle of the magnetic compass is the north 

facing needle by bringing it away from the lab station.  

4. Place the magnetic compass on the paper close to the bare copper wire. Predict which 

direction the north needle will point when the circuit is closed. Then close the switch 

for no longer than three seconds and note which direction the north needle points. 

Repeat this procedure for multiple locations around the wire. Sketch the direction of 

the north pointing compass needle in each location on the piece of paper. 

5. Then, determine the magnetic field as a function of distance from the current carrying 

wire by setting up the meter stick, and Vernier Magnetic Field Sensor in relation to 

the wire as seen in Figure 2 below. First, attach the Vernier Magnetic Field Sensor to 

Channel 1 of the LabQuest 2, and set the switch on the sensor to 0.3mT. Next to the 

vertical wire, pivot the Vernier Sensor so that its end points in the direction of the 

magnetic field and does not hit the back side of the sensor. This means the current 

must be pointing down.  

 

 

 

 

 

 

 

6. Start by moving the center of the sensor arm to the 1cm mark away from the wire on 

the meter stick. Close the switch for no more than three seconds and record two trials 

of this field strength in the data table under Part A of Analysis.  

7. Then, repeat Step #6 at 2cm, 3cm, cm, and 5cm away from the wire. 

 

 

 

 

 

 

 

 

 

 

 

Vernier Magnetic 

Field Sensor 

Current Carrying Wire 

(current must be 

pointing down) 

Meter Stick 

Figure 2 

Figure 3 

Beaker 

Wire 

Loops 

Compass 
Battery 
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Part B 

1. Set up the equipment as shown in Figure 2 above by wrapping one of the connecting 

wires around the beaker to create a coil. Then, clip the red connecting wire to the 

battery and one side of the coil. Finish the circuit by clipping the remaining black 

wire to the battery and the switch, and connecting the switch to the coil.  

2. Determine the direction that current will flow in the coil. 

3. Place the compass inside the beaker as shown facing up. Predict the direction that the 

north needle will point when the circuit is closed. Then close the switch for no longer 

than three seconds and note the direction that the north facing needle points. Repeat 

this procedure for multiple locations about the coil and sketch the direction of the 

north pointing compass needle in each location on the piece of paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. To determine the relationship between the magnetic field strength, current in the coil, 

and number of loops in the coil, begin by connecting the digital multi-meter in series 

with the circuit by removing one wire from the switch, and replacing it with one of 

the multi-meter probes. Connect the remaining wire to the other multi-meter probe. 

Refer to Figure 4 above for reference. The digital multi-meter dial should be turned to 

the green “10”—six o’clock position, and the red plug should be in the far left “10 A” 

port. The LabQuest 2 should still be connected to the sensor. Insert the Vernier 

Sensor into the beaker. Ensure that the sensor is in line with the magnetic field and 

does no hit the back of the sensor. Start with 8 loops of wire around the beaker. 

5. For this part, the current should remain constant and the number of loops will be 

varied. Close the switch for no longer than three seconds, and measure both the 

current and magnetic field at the center of the coil. Record this data in the table of 

Part B in the Analysis section.  

6. Repeat Step #5 with 7, 6, 5, 4, 3, and 2 loops of wire, recording the data in the table 

of Part B in the Analysis section. 

7. For this part, the current will change and the number of loops will remain at 7. Wrap 

the wire around the beaker seven times. Add the 9.75 Ω resistor in series with the 

circuit between the switch and multi-meter. Insert the Vernier sensor into the beaker 

as shown above. Measure both the current and the magnetic field strength at the 

center of the coil, recording data in Part B of the Analysis section.  

8. Repeat Step #7 with the 15 Ω, 20 Ω, and 47.7 Ω resistors. 

 

Digital 

Multi-meter 

Figure 4 

Beaker 

Wire 

Loops 

Vernier Magnetic 

Field Sensor 

LabQuest 2 
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Part C 

1. Clip two connecting wires to either end of a Slinky Jr. that is slightly expanded as 

seen in Figure 5. One partner will have to hold the slinky in place so it is not damaged 

to make a solenoid. Then attach the connections to the switch and battery as seen 

above.  

2. Determine the direction that current will flow in the solenoid. 

3. Place the compass inside the solenoid facing up. Predict the direction that the north 

needle will point when the circuit is closed. Then close the switch for no longer than 

three seconds and note the direction that the north facing needle points. Repeat this 

procedure for outside the solenoid. 

4. The Vernier Magnetic Field Sensor should still be connected to the LabQuest 2. Add 

the digital multi-meter in series with the circuit by removing one of the wires from 

the switch, and instead attaching it to one of the multi-meter probes. Connect the 

remaining wire to the other probe. Count the number of loops the slinky has and 

record this number in the data table in Part C of the Analysis section.  

5. Start by stretching the slinky a length of 10cm and inserting the Vernier sensor into 

the center of the slinky. Ensure that the sensor is in line with the magnetic field 

determined earlier, and that it does not hit the back of the sensor. Close the switch and 

measure both the current through and magnetic field strength inside the slinky. 

Record this data in Part C of the Analysis section.  

6. Repeat Step #5 with the slinky stretched 15cm, 20cm, 25cm, and 30cm.  

7. Next, leaving the slinky stretched 10cm, add the 9.75 Ω resistor in series with the 

circuit before the slinky. Close the switch and measure the current and magnetic field 

strength. 

8. Repeat Step #7 with the 15 Ω, 20 Ω, and 47.7 Ω resistors, recording data in Part C 

below. 

 

Observations, Data, Analysis, & Conclusions:  

Part A 

1. Predictions: The magnetic field will point clockwise around the wire because the 

current is flowing down. Observations: The compass pointed in directions clockwise 

around the wire. 

2. Sketch the compass locations that you used clearly indicating the direction of the 

current and the north pointing compass needle in each location. 

 

 

 

 

Figure 5 

Slinky 
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3. Describe the shape of the magnetic field lines produced. 

a. The magnetic field shape was a circle. 

4. Specifically relate your findings to the right-hand rule. 

a. The thumb pointed downward in the direction of the current while the fingers 

pointed clockwise around the wire, indicating a clockwise magnetic field. This 

supports the hypothesis. 

5. Determine the specific mathematical relationship of the strength of the magnetic field 

as a function of the distance from the current carrying wire by graphing the distance 

from the wire vs. magnetic field strength, distance2 vs. magnetic field strength, and 

1/distance vs. magnetic field strength using the data found earlier. Which is linear, 

and what does this mean?  

 

Distance 

(cm) 

Trial 1 

Magnetic Field 

Strength (mT) 

Trial 2 

Magnetic Field 

Strength (mT) 

Average 

Magnetic 

Field Strength 

(mT) 

1/Distance 

(cm-1) 

Distance2 

(cm2) 

1 0.0478 0.0479 0.0479 1.00 1.00 

2 0.0230 0.0227 0.0229 0.50 4.00 

3 0.0109 0.0109 0.0109 0.33 9.00 

4 0.0089 0.0087 0.0088 0.25 16.0 

5 0.0054 0.0049 0.0051 0.20 25.0 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

100

Con
nor

 Humisto
n



R² = 0.9818

0

0.01

0.02

0.03

0.04

0.05

0.06

0 5 10 15 20 25 30

A
ve

ra
ge

 M
ag

n
et

ic
 F

ie
ld

 S
tr

en
g

th
 (

m
T

)

Distance2 (cm2)

Average Magnetic Field Strength vs. Distance Squared for a Wire

y = 0.0535x - 0.0053
R² = 0.9959

0

0.01

0.02

0.03

0.04

0.05

0.06

0 0.2 0.4 0.6 0.8 1 1.2

A
ve

ra
ge

 M
ag

n
et

ic
 F

ie
ld

 S
tr

en
g

th
 (

m
T

)

1/Distance (1/cm)

Average Magnetic Field Strength vs. 1/Distance for a Wire

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

101

Con
nor

 Humisto
n



a. 1/Distance vs. magnetic field strength is linear, meaning that the magnetic 

field strength must be inversely proportional to the distance from the wire, 

thereby supporting the hypothesis. 

 

Part B 

1. Predictions: The magnetic field will point right when looking at the side of the beaker 

since the current flows down on that side. Observations: The magnetic field pointed 

left when the current flowed down that side closest to the observer. 

2. Sketch a front view of the coil and use X's to indicate "into the paper" and O's to 

indicate "out of the paper" for the compass locations that you used indicating clearly 

the direction of the current and the north pointing compass needle in each location 

with respect to the coil. 

 

 

 

 

 

3. Specifically relate your findings to the right-hand rule. 

a. The thumb pointed downward in the direction of the current, and the fingers 

curled right indicating the direction of the magnetic field. 

4. Determine the specific mathematical relationship of the strength of the magnetic field 

as a function of the number of coils and current by graphing the number of coil loops 

vs. the magnetic field at the center of the coil and the current through the coil vs. 

magnetic field at the center of the coil using the data found earlier.  

 

Number of Loops Current (A) Magnetic Field Strength (mT) 

8 3.89 0.2968 

7 3.89 0.2202 

6 3.89 0.1606 

5 3.89 0.0826 

4 3.89 0.0731 

3 3.89 0.0588 

2 3.89 0.0289 

 

Number of Loops Resistance (Ω) Current (A) Magnetic Field Strength (mT) 

7 9.75 0.43 0.0254 

7 15 0.30 0.0178 

7 20 0.23 0.0103 

7 47.7 0.10 0.0047 

 

a. Looking at the graphs on the next page, both were linear, meaning the 

magnetic field strength at the center of a current carrying wire is directly 

proportional to both the current and the number of loops through that coil, 

thereby supporting the hypothesis. 
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Part C 

1. Predictions: Since the current is again flowing downward from a side view, the 

direction of the magnetic field will again be to the right. Observations: The direction 

of the magnetic field was, in fact, to the right, with the current flowing downward. 

2. Sketch a top view of the solenoid and, for the compass locations that you used, 

clearly indicate the direction of both the current in the solenoid and the north pointing 

compass needle in each location with respect to the solenoid. 

 

 

 

 

3. Specifically relate your findings to the right-hand rule. 

a. The thumb pointed downward in the direction of the current, and the fingers 

curled right indicating the direction of the magnetic field. 

4. Determine the specific mathematical relationship among current in the solenoid, the 

number of loops per unit length in the solenoid, and the strength of the magnetic field 

at the center of the solenoid by graphing the current in the solenoid vs. the magnetic 

field strength and the number of loops per unit length vs. the magnetic field in the 

solenoid using the data found earlier. What shape are the curves, and what does this 

mean? 

 

Number of Loops Length (cm) Number of Loops 

per Length 

(loops/cm) 

Magnetic Field 

Strength (mT) 

75 10 7.50 0.4134 

75 15 5.00 0.3017 

75 20 3.75 0.2438 

75 25 3.00 0.1909 

75 30 2.50 0.1554 

 

 

Number of 

Loops 

Length (cm) Resistance (Ω) Current (A) Magnetic 

Field Strength 

(mT) 

75 10 9.75 1.12 4.41×10-4 

75 10 15 0.40 1.09×10-4 

75 10 20 0.28 9.3×10-5 

75 10 47.7 0.19 5.9×10-5 

 

a. Both the number of loops per unit centimeter and current vs. magnetic field 

strength graphs were linear, indicating that the magnetic field strength in a 

solenoid is directly proportional to the current, and the magnetic field strength 

number is also directly proportional to the of loops per unit length of the 

solenoid. Therefore, the hypothesis was supported. 
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Name: Connor Humiston 

Lab Partners: Alethia Daugherty,   

 Makala Smith  

Course: AP Physics C E&M 

Instructor: Coach McKellips 

Period: 4 

 

Lab #27- Electromagnetic Induction 

 

Objectives:  

• To explore electromagnetic induction qualitatively by analyzing the direction of currents 

induced by moving magnetic fields and by comparing the EMF generated by a magnet 

moving quickly though a solenoid to the EMF of a magnet moving slower through the 

solenoid 

• To explore electromagnetic induction quantitatively by finding the relationship between 

EMF and both the number of loops of the solenoid and the strength of the moving 

magnetic field in the solenoid 

 

Hypotheses:  

• When the North side of magnet is moving into the solenoid, the EMF shown on the 

digital multi-meter will be positive, and when the North side is moving out of the 

solenoid, the EMF will be negative. Furthermore, a magnet moving faster, with less time 

between start and end points in the solenoid, will result in a greater EMF. 

• The EMF across a solenoid generated by electromagnetic induction will be directly 

proportional to the number of loops of the solenoid and also the strength of the magnet 

moving through the solenoid.  

 

Materials: beaker, digital multi-meter, compass, connecting wires with alligator clips, tape, bar 

magnets, and timer 

 

Experimental Design & Procedure: 

 

 

 

 

 

 

 

 

 

 

 

1. Set up the equipment as seen in Figure 1 by wrapping a beaker with 5 coils of wire. Tape 

these coils on top of the beaker. Plug the black plug into the black input port labeled 

“COM”, and the red plug into the red “Ω V” port on the far left of the multi-meter. 

Figure 1 

Digital 

Multi-meter 

Bar Magnet 
Beaker 
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Connect each of the probes to both ends of the wire wrapped around the beaker. Then, 

turn the dial to the lowest voltage setting.  

2. Start the timer and move the bar magnet in and out of the coils, directly through the 

center of the beaker. To maintain a constant speed, repeat the insertion every one second, 

and record three EMFs, along with their averages, in the data table below.  

3. Repeat Step #2 with 10, 15, 20, 25, and 30 coils around the beaker. 

4. Now, experiment with the motion of the magnet. Find which arrow on the compass is 

North by moving away from any metal or magnetic objects and seeing which arrow 

points North. Determine which side of the bar magnet is North with the compass keeping 

in mind that opposites attract and likes repel. Move the North end of the magnet into the 

beaker of coils and note the sign on the digital multimeter. Again, note the sign on the 

multimeter when moving the magnet out of the solenoid.  

5. Experiment further by changing the speed at which the magnet is moved. Begin by 

inserting the magnet into the beaker every second, as before, and slowly increase the 

speed and number of repetitions per second. Note any changes in EMF below.  

6. For the next part of this lab, remove all but 10 of the coils around the beaker.  

7. Start by moving one magnet in and out of the beaker every one second. Record the three 

trials worth of EMFs in the data table below and average these values.  

8. Repeat Step #5 with two, three, and four magnets, leaving 10 coils of wire. Make sure 

that additional magnets point in the same direction as the first. It should be somewhat 

difficult to hold them together as likes attract, so use tape if necessary. 

 

Data & Observations: 

Table 1 

Number of Coils EMF Trial 1 (V) EMF Trial 2 (V) EMF Trial 3 (V) Average EMF 

(V) 

5 0.1 0.1 0.1 0.1 

10 0.3 0.4 0.2 0.3 

15 0.5 0.4 0.6 0.5 

20 0.8 0.5 0.9 0.7 

25 0.9 0.9 1.0 0.9 

30 1.2 1.1 1.0 1.1 

- When the North side of the magnet was moving into the beaker, the EMF was positive, 

and when the North side of the magnet was moving out of the beaker, the EMF was 

negative. 

- When the speed at which the magnet was moved through the solenoid and the number of 

insertions per second increased, the EMF also increased. 

 

Table 2 

Number of 

Magnets 

Number of 

Loops 

EMF Trial 1 

(V) 

EMF Trial 2 

(V) 

EMF Trial 3 

(V) 

Average 

EMF (V) 

1 10 0.3 0.4 0.2 0.3 

2 10 0.7 0.7 0.4 0.6 

3 10 1.2 1.2 0.9 1.1 

4 10 1.4 1.3 1.5 1.3 
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Analysis:  

1. What do the changing signs on the digital multimeter illustrate? 

The negative and positive voltages on the multimeter illustrate changing 

directions of current through the solenoid. The current moved forward (with a 

positive sign on the multimeter) when the magnet was moving into the solenoid as 

if fingers on a right hand represented the magnetic field, a palm pointed toward 

the center of the solenoid, and a thumb represented the direction of the current. 

When the magnet changed directions of motion, the fingers would point in the 

opposite direction, and the thumb, or current, would point in the opposite 

direction as well.  

2. What relationship was found between the speed of motion by the magnet through the 

solenoid? 

As the speed of the magnet through the solenoid increased, the EMF also 

increased. In other words, as the amount of time it took for the magnet to return to 

its original position decreased, the EMF increased, demonstrating an inverse 

relationship between time and EMF. 

3. Construct a graph of EMF vs. the number of coils around the beaker. What shape is the 

curve, and what does this mean? 

The curve is linear, indicating that the number of coils in the solenoid and EMF 

generated by a moving magnet are directly proportional. 

4. Construct a graph of EMF vs. the number of magnets. What shape is the curve, and what 

does this mean? 

The curve is linear, indicating that the number of magnets, or magnetic field 

strength, is directly proportional to the EMF. 

 

Conclusion: 

 The purpose of this lab was to explore electromagnetic induction both qualitatively and 

quantitatively. The first hypothesis was supported since moving the North side of magnet into 

the solenoid induced a positive EMF on the multimeter and a negative EMF when moving out of 

the solenoid, demonstrating how one’s right hand fingers can represent the direction of the 

magnetic field with the palm of the hand pointing toward the center of the solenoid in order to 

find the direction of the current that would be pointing the same direction as a thumb. 

Furthermore, the EMF increased as the speed of the magnet increased, illustrating an inverse 

relationship between EMF and the time between start and end points in the solenoid. The second 

hypothesis was also supported since direct proportionalities were found between the number of 

solenoid loops and the number of magnets (or magnetic field strength) through graphical 

linearization. With all these observations combined, a general rule can be formed. EMF is 

directly proportional to the number of solenoid loops, velocity of the magnet, and magnetic field 

strength. Experimental error may have arisen from unavoidably inconsistent speeds of the 

magnet through the solenoid. Even with consistent one second repetitions of the magnet 

insertions, it is impossible to maintain a constant speed for all the trials. Since speed was found 

to be a determining factor for EMF, it is possible that EMF readings fluctuated with slightly 

differing speeds.  
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