
Physics Lab 
Book 

Gosh, Physics 
is so Phun. 

Why can’t 
you trust an 

atom?

They make up 
everything. 

E=mc2? Con
nor

 Humisto
n



Table of Contents 
Lab 1: Constant Motion 

Lab 2: Accelerated Motion 

Lab 3: Acceleration of Gravity 

Lab 4: Newton’s 2nd Law 

Lab 5: The Coefficient of Kinetic Friction 

Lab 6: Conservation of Mechanical Energy 

Lab 7: Conservation of Momentum 

Lab 8: Torque 

Lab 9: Archimedes’ Principle 

Lab 10: Specific Heat Capacity of Brass 

Lab 11: Period of a Pendulum 

Lab 12: The Speed of Sound in Air 

Lab 13: Convex and Concave Lenses 

Lab 14: Spherical Mirrors 

Lab 15: Static Electricity 

Lab 16: Circuits 

Lab 17: Magnetism 

Lab 18: Electromagnetism 

Lab 19: Radioactivity 

+ An Exploration in Color

2016/2017 School Year 

Coach McKellips Con
nor

 Humisto
n



Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 
Date: 30 August 2016 

Physics Lab #1- Constant Motion 

Purpose: To analyze the motion of a “constant motion” vehicle. 

Materials: Tape timer, paper timer tape, carbon disks, meter stick or ruler, masking tape, 
dynamics cart, string, and hanging mass set 

Experimental Design & Procedure: 
Dynamics Cart  
(constant motion vehicle)

 
 

1. Set up the timer, tape, and constant-motion vehicle as modeled in class and as
sketched in the figure below. The “constant motion vehicle” will consist of a
dynamics cart tied to a piece of string with a slipknot. Then drape the string over
the edge of the lab table and tie it with a slipknot to a hanging mass of just enough
weight to overcome friction so that if the cart is given a small shove it will
continue moving at approximately the same speed after the shove.

2. One partner will be in charge of the timer while the other is in charge of the
constant motion vehicle. The first partner will turn on the tape timer after which
the other will give the constant motion vehicle a small shove. Allow the vehicle to
pull the paper timer tape straight through the timer. Do not allow the constant
motion vehicle to run off the table!

3. Label the first easily distinguishable dot on the paper timer tape next to the
vehicle as dot "0." Count off ten dots from dot "0" and label the tenth dot as dot
"1." Continue making ten-dot intervals up to dot "10."

4. Beginning at dot "0,"  measure the distance in meters between dot "0" and dot "1,"
dot "1" and dot "2," dot "2" and dot "3," etc., and record these values in the data
table below.

5. The time during each interval will be the timer period multiplied by ten since
there are ten dots in each interval.
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Observations & Data: 
Interval # Displacement during 

this one interval (m) 
Duration of time during 

this one interval (s) 
1 0.0293 0.167 
2 0.0301 0.167 
3 0.0307 0.167 
4 0.0318 0.167 
5 0.0315 0.167 
6 0.0328 0.167 
7 0.0335 0.167 
8 0.0331 0.167 
9 0.0336 0.167 
10 0.0341 0.167 

Analysis: 
1. Calculate the average speed for each interval and record the results in the table

below.
v1 = ∆x1/∆t1= (0.0293m)/(0.167s) = 0.175m/s
v2 = ∆x2/∆t2= (0.0301m)/(0.167s) = 0.180m/s
v3 = ∆x3/∆t3= (0.0307m)/(0.167s) = 0.184m/s
v4 = ∆x4/∆t4= (0.0318m)/(0.167s) = 0.190m/s
v5 = ∆x5/∆t5= (0.0315m)/(0.167s) = 0.189m/s
v6 = ∆x6/∆t6= (0.0328m)/(0.167s) = 0.196m/s
v7 = ∆x7/∆t7= (0.0335m)/(0.167s) = 0.201m/s
v8 = ∆x8/∆t8= (0.0331m)/(0.167s) = 0.198m/s
v9 = ∆x9/∆t9= (0.0336m)/(0.167s) = 0.201m/s
v10 = ∆x10/∆t10= (0.0341m)/(0.167s) = 0.204m/s

2. Calculate the total displacement for each interval. The total displacement at the
end of any given interval is the sum of all the previous interval displacements plus
the current interval displacement. Record these values in the table below.

Summary of Analysis Calculations: 
Interval # Average 

speed during 
interval (m/s) 

Total 
Displacement 

(m) 

Total Time 
(s) 

1 0.175 0.0293 0.167 
2 0.180 0.0594 0.333 
3 0.184 0.0901 0.500 
4 0.190 0.1219 0.667 
5 0.189 0.1534 0.833 
6 0.196 0.1862 1.000 
7 0.201 0.2197 1.167 
8 0.198 0.2528 1.333 
9 0.201 0.2864 1.500 
10 0.204 0.3205 1.667 
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3. On graph paper and in pencil, plot the average speeds during each interval  

versus total time. The total time for the graph at the end of any given interval is 
the sum of all the previous interval times plus the current interval time. Record 
these values in the table above to help with the graph. 

4. Draw the best-fit line or curve for the data on the graph. What is the shape of this 
best fit and what does this mean?  

a. The best fit for these data is a curve. This curve means that, because the 
slope is increasing, the “constant motion” vehicle was accelerating at first. 
But, since the slope slowly gets closer to zero near the last intervals, the 
acceleration slows, most likely due to friction.  

5. Calculate the average speed for the entire event. Draw a horizontal red line 
representing this average velocity on your graph. How does this compare to the 
previous best-fit line/curve and why? 

a. vavg = Δxtotal/Δttotal  
       = (0.3205m)/(1.667s) 
       = 0.192 m/s 

b. The average speed for the entire event goes right through the middle of the 
best-fit curve because it is an average and averages generally end up being 
near the mean, or middle, value. 

6. On another sheet of graph paper, plot total displacement versus time. Remember 
that the total displacement at the end of any given interval is the sum of the 
displacements during each preceding interval plus the current displacement 
measurement. 

7. Draw the best-fit line or curve for the data on your graph. What is the name of the 
quantity that the slope of the best fit represents? 

a. The best fit line represents the speed of the “constant motion” vehicle 
since the graph illustrates displacement, in meters, over time, in seconds, 
which combine to from meters/second, or speed. 

8. In the two graphs, which is the independent variable and which is the dependent 
variable? 

a. The independent variable in both graphs is time because time can stand 
alone, and is not effected by the other variables. Displacement and average 
speed, on the other hand, are the dependent variables since they are the 
variables being measured and “depend” on other variables. 

 
Conclusion: 
 The purpose of this lab was to analyze the motion of a “constant motion” vehicle. 
In the displacement versus time graph, the vehicle seems to hold a constant rate. The 
increasing best-fit line in this graph, representing speed, is straight which means that the 
speed of the vehicle was constant. In the average speed versus time graph, the vehicle 
was found to be accelerating. The curve in this graph is increasing, meaning that for 
every time interval, the speed increases some, or accelerates. But, if the vehicle were 
truly moving at a constant speed, this curve would actually be a straight, horizontal line 
displaying no increases in speed over time. This error was most likely due to the hanging 
mass that was used to overcome friction. These masses only came in grams of 10, 20, or 
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greater. It was found that 30 grams was the best combination of masses to overcome 
friction without too much or too little of a pull. This mass affected results because it 
ended up pulling the vehicle a little too much causing the vehicle to accelerate.  
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Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 
Date: 12 September 2016 
 
 

Physics Lab #2- Accelerated Motion 
 
 

Purpose/Problem: To analyze the motion of an accelerated dynamics cart. 
 
Materials: Tape timer, paper timer tape, carbon disks, meter stick, masking tape, 
dynamics cart, string, and a 500-gram hooked mass 
 
Experimental Design & Procedure: 
 

Dynamics Cart             
 
 
 
 
 
 
 
 
 

1. Attach a strip of timer tape to a dynamics cart and then to a tape timer. Tie a  
500 gram hooked mass to the cart to accelerate the cart across the lab table.  

2. One partner will be in charge of the timer while the other is in charge of releasing 
the dynamics cart. The partner in charge of the cart should allow the 500-gram 
mass to hang off the side of the lab table while the cart is held steady. Make sure 
there is a notebook or something else on the floor beneath the 500-gram mass to 
keep it from hitting the floor. The partner in charge of the tape timer will then turn 
on the timer after which the partner holding the cart will release the cart. Allow 
the 500-gram mass to freely accelerate toward the floor and for the cart to pull the 
paper timer tape straight through the timer. Make sure to catch the cart before it 
becomes a projectile! 

3. Label the first easily distinguishable dot on the timer tape next to the cart as dot 
"0." Count off three dots from dot "0" and label the third dot as dot "1." Continue 
making three-dot intervals up to dot "10." 

4. Beginning at dot "0,"  measure the distance in between dot "0" and dot "1," dot 
"1" and dot "2," dot "2" and dot "3," etc., and record these values in the data table 
below. 

5. The time during each interval will be the timer period multiplied by three since 
there are three dots in each interval. 
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Observations & Data: 
Interval 

# 
Distance during 

current/ one 
interval (m) 

Time/duration 
for current/one 

interval (s) 

Average 
speed during 
interval (m/s) 

Total 
Distance 

(m) 

Total 
Time 

(s) 
1 0.0078 0.0500 0.16 0.0078 0.0500 
2 0.0113 0.0500 0.226 0.0191 0.100 
3 0.0157 0.0500 0.314 0.0348 0.150 
4 0.0209 0.0500 0.418 0.0557 0.200 
5 0.0256 0.0500 0.512 0.0813 0.250 
6 0.0307 0.0500 0.614 0.112 0.300 
7 0.0364 0.0500 0.728 0.148 0.350 
8 0.0401 0.0500 0.802 0.189 0.400 
9 0.0438 0.0500 0.936 0.235 0.450 
10 0.0494 0.0500 0.988 0.285 0.500 

 
Analysis: 

1. Calculate the magnitude of the average speed for each interval and record the 
results in the data table above. Show all of the work for each calculation. 

v1 = ∆x1/∆t1 = (0.0078m)/(0.0500s) = 0.16m/s 
v2 = ∆x2/∆t2 = (0.0113m)/(0.0500s) = 0.226m/s 
v3 = ∆x3/∆t3 = (0.0157m)/(0.0500s) = 0.314m/s 
v4 = ∆x4/∆t4 = (0.0209m)/(0.0500s) = 0.418m/s 
v5 = ∆x5/∆t5 = (0.0256m)/(0.0500s) = 0.512m/s 
v6 = ∆x6/∆t6 = (0.0307m)/(0.0500s) = 0.614m/s 
v7 = ∆x7/∆t7 = (0.0364m)/(0.0500s) = 0.728m/s 
v8 = ∆x8/∆t8 = (0.0401m)/(0.0500s) = 0.802m/s 
v9 = ∆x9/∆t9 = (0.0438m)/(0.0500s) = 0.936m/s 
v10 = ∆x10/∆t10 = (0.0494m)/(0.0500s) = 0.988m/s 

2. On graph paper and in pencil, plot the average speeds during each interval  
versus time. Again, make sure the graph has an appropriate title and that both axes 
begin at (0,0), have continuous and even scales, and are properly labeled. 

3. Draw the best-fit line for the data on the graph. 
4. Calculate the slope of the best-fit line of the speed versus time graph. Use points 

from the best fit for these calculations NOT data points from the data table. What 
is this slope? What are its units? What quantity does the slope of the best-fit 
represent/indicate? 

a. vf = 0.800m/s, vi = 0.425m/s, tf = 0.400s, ti = 0.200s 
a = ∆v/∆t = (vf – vi)/(tf – ti) = (0.800m/s) – (0.425m/s)/(0.400s) – (0.200s)  
   = 1.88m/s2 

b. The slope is acceleration and the slope’s units are m/s2. The quantity 
represents a positive, constant acceleration. 

5. On another sheet of graph paper, sketch a graph of the slope of the speed vs. time 
graph. 
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6. Calculate the total distance for each interval. The total distance at the end of any 
given interval is the sum of all the previous interval distances plus the current 
interval distance. Record these values in the table. 

7. Calculate the area under the best-fit in your speed versus time graph for the whole 
event by the “counting squares” method. How does this area compare in 
magnitude to the total distance for all ten intervals that you found in #5 above? 
What can be concludes about the area under a velocity versus time graph? 

a. Squares = (38 × 20)/2 + (2 × 20) = 420 squares 
(420 squares)(6.25 × 10-4 m/square) = 0.263m  

b. This area is about the same as the magnitude of the displacement for all 
ten intervals. Therefore, it can be concluded that the area under a velocity 
versus time graph is equal to the total displacement. 

8. On yet another sheet of graph paper, plot total displacement versus time.  
9. Draw the best-fit line or curve for the data on your graph. Describe the shape of 

the best-fit for this graph. 
a. The shape of the best-fit for this graph is a curve because the vehicle is 

covering more distance every time interval as it accelerates. 
10. Do all three graphs suggest the same meaning regarding the motion of the cart? 

a. Yes, each graph displays the cart accelerating over time. 
 
 
Conclusion: 
 The purpose of this lab was to analyze the motion of an accelerated dynamics 
cart. In all three graphs, it was found that the cart was accelerating. In the average speed 
versus time graph, the slope, which illustrates acceleration, is a straight line, meaning that 
the speed increased an equal amount at every time interval, or accelerates. In the 
acceleration versus time graph, the horizontal line is greater than zero, meaning that the 
cart has a constant positive acceleration. Lastly, in the displacement versus time graph, 
the cart travels more distance at each time interval, meaning that the velocity is 
increasing and the cart is accelerating. Experimental error could have arisen with friction 
between the dynamics cart and the table. This friction would have slowed the cart and 
therefore decreased its velocity and acceleration. 
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Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 
Date: 13 September 2016 

 
Lab #3- Acceleration of Gravity 

 
 

Purpose/Problem: To analyze the motion of a freely falling object and determine the 
acceleration of gravity. 
 
Hypothesis: The acceleration of gravity will be determined to be 9.81 m/s2. 
 
Materials: Tape timer, ring stand with pendulum clamp, paper timer tape, carbon disks, 
meter stick, masking tape, and 500 gram hooked mass 
 
Experimental Design & Procedure: 

1. A strip of paper timer tape will be attached directly to a 500 gram hooked mass 
and then dropped through a tape timer. The acceleration of the freely falling mass 
can be determined by using the concept of slope similar to Lab #2. Set up the 
timer, tape, and 500 gram mass.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2. One partner will be in charge of the timer while the other is in charge of releasing 

paper timer tape attached to the 500-gram mass. Make sure there is a notebook or 
something else on the floor beneath the 500-gram mass to keep it from hitting the 
floor. The partner in charge of the tape timer will then turn on the timer after 
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which the partner holding the paper tape attached to the 500-gram mass will 
release it and allow it to freely fall toward the floor. 

3. Label the first easily distinguishable dot on the paper timer tape next to the mass 
as dot "0." Count off more two dots from dot "0" and label this dot as dot "1." 
Continue making two-dot intervals up to dot "10." 

4. Beginning at dot "0,"  measure the distance in meters between dot "0" and dot "1," 
dot "1" and dot "2," dot "2" and dot "3," etc., and record these values in the data 
table below. 

5. The time for each interval will be the period of the timer multiplied by two since 
there are two dots/spaces in each interval. 

 
Observations & Data: 
Interval # Displacement during interval (m) Time during interval (s) 

1 0.0344 0.0333 
2 0.0457 0.0333 
3 0.0563 0.0333 
4 0.0694 0.0333 
5 0.0771 0.0333 
6 0.0918 0.0333 
7 0.0935 0.0333 
8 0.1082 0.0333 
9 0.1215 0.0333 
10 0.1320 0.0333 
 
Analysis:  

1. Find the average speed for each interval and record the results in the data table 
above. 

v1 = Δx1/Δt1 = (0.0344m)/(0.0333s) = 1.03m/s 
v2 = Δx2/Δt2 = (0.0457m)/(0.0333s) = 1.37m/s 
v3 = Δx3/Δt3 = (0.0563m)/(0.0333s) = 1.69m/s 
v4 = Δx4/Δt4 = (0.0694m)/(0.0333s) = 2.08m/s 
v5 = Δx5/Δt5 = (0.0771m)/(0.0333s) = 2.32m/s 
v6 = Δx6/Δt6 = (0.0918m)/(0.0333s) = 2.76m/s 
v7 = Δx7/Δt7 = (0.0935m)/(0.0333s) = 2.81m/s 
v8 = Δx8/Δt8 = (0.1082m)/(0.0333s) = 3.25m/s 
v9 = Δx9/Δt9 = (0.1215m)/(0.0333s) = 3.65m/s 
v10 = Δx10/Δt10 = (0.1320m)/(0.0333s) = 3.96m/s 
 

2. On graph paper and in pencil, plot the average speeds found above during each 
interval versus time. 
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3. Using the slope from the average speed versus time graph, find the acceleration. 
v1 = 1.20m/s, vf = 3.80m/s, ti = 0.0333s, tf = 0.317s, a = ? 
a = Δv/Δt  
  = (vf – vi)/(tf – ti) 
  = [(3.80m/s) – (1.20m/s)]/[(0.317s) – (0.0333s)] 
  = 9.16m/s2 

 
4. Find the relative error between the experimental result and the accepted answer. 

Relative Error   =  ׀Experimental Result – Accepted Value׀ X 100% 
                  Accepted Value 

   X 100% ׀(9.81m/s2) – (9.16m/s2)׀  =    
                        9.81m/s2 

    = 6.63% 
 
Conclusion: 
 The purpose of this lab was to analyze the motion of a freely falling object and 
determine the acceleration of gravity. It was hypothesized that the acceleration of gravity 
would be determined to be 9.81m/s2. In the lab, however, the acceleration of gravity was 
found to be 9.16m/s2. This acceleration was found in the average speed versus time 
graph, which depicts a constant increasing line, meaning that the weight increased in 
speed at every time interval, or accelerated. Although the hypothesis was incorrect, the 
value found in lab was only 6.63% away from the accepted value. This experimental 
error could have occurred because of the friction between the tape and the tape timer or 
needle. That friction would have slowed the weight hanging onto the bottom of the tape, 
decreased the speed, and therefore decreased slope and thus the acceleration. 
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Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 
Date: 27 September 2016 

 
Lab #4- Newton's 2nd Law 

 
Problem/Question: What is the mathematical relationship that equates the acceleration 
of a system to the net force that acts on that system and the mass of the system? 
 
Hypothesis: The acceleration of the system will be equal to the net force of the system 
divided by the total mass of the system. 
 
Materials: Tape timer, paper timer tape, carbon disks, meter stick, masking tape, 
dynamics cart, string, hanging mass set, and electronic balance 
 
Experimental Design & Procedure: 

1. Set up the timer, tape, string, and 500 gram mass as shown below. Then, 
experiment with which small weight will be adequate to keep the cart moving 
closest to a constant velocity while attached to the string when the cart is pushed. 
The weight that moves the cart closest to a constant velocity will be used to 
overcome the force of friction that resides between the tape and the needle, the 
cart’s wheels and the table, and the string and the table. With this weight, the 
force of acceleration being measured should be solely due to the 500 gram mass. 
  

 
 Dynamics Cart 
 
 
 
 
 
 
 
 
 

 
 

2. One partner will be in charge of the timer while the other is in charge of releasing 
the dynamics cart. The partner in charge of the cart should allow the 500-gram 
mass to hang off the side of the lab table while the cart is held steady. Make sure 
there is a notebook or something else on the floor beneath the 500-gram mass to 
keep it from hitting the floor. The partner in charge of the tape timer will then turn 
on the timer after which the partner holding the cart will release the cart. Allow 
the 500-gram mass to freely accelerate toward the floor and for the cart to pull the 
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0 

paper timer tape straight through the timer. Make sure to catch the cart before it 
becomes a projectile! Once the 500 gram mass hits the floor, the cart will no 
longer accelerate and any dots on the timer tape after this time are irrelevant; you 
and your lab partner need a method of determining precisely where on the tape 
this occurs so that you ensure that you do not include any bad data. 

3. Label the first easily distinguishable dot on the paper timer tape next to the cart as 
dot "0." Make sure that you do not consider the dot to be dot "0" on the tape 
unless you had COMPLETELY released the cart. Count off twenty dots from dot 
"0" and measure the distance in meters between dot "0" and the twentieth dot and 
record the value in the data table below. 

4. The total time for the twenty dots is the timer period multiplied by twenty because 
there are twenty dots. Record this value in the data table. 

5. Mass the cart, string, timer tape, the small weights used to offset friction, and the 
500 g mass on the balance and record this value in the data table as the total mass 
of the system. 

6. Repeat Steps #2-#5 five more times for six total trials. Note: the back of a piece of 
timer tape can be used for another trial to conserve resources. 

 
Observations & Data: 

Trial Total Distance  
(m) 

Total Time 
(s) 

Total Mass of 
System  

(kg) 

1 0.1752 0.3333 1.460 
2 0.1516 0.3333 1.460 
3 0.2211 0.3333 1.460 
4 0.1689 0.3333 1.460 
5 0.1621 0.3333 1.460 
6 0.1396 0.3333 1.460 

 
Analysis: 

1. Calculate the net force on the cart using the equation for weight learned in class. 
This is the same for each trial. Show all work.  

g = 9.81m/s2 
m = 500 g 
Fg = ? 
ΣF = Fg = mg 

                         = (500g)(1kg/1000g)(9.81m/s2) = 4.91 N 
 

2. For each trial, show all your work to calculate the acceleration of the cart. You 
will need an equation that includes acceleration, distance, time, and the initial 
speed of the cart since these are the items that represent the knowns and 
unknowns. Place the resultant values for the accelerations of the cart in the second 
table below. 

∆x = vi∆t + 1
2
a∆t2 

a = 2∆x/∆t2 
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  Trial 1: a = 2(0.1752m)/(0.3333s)2 = 3.154m/s2 
  Trial 2: a = 2(0.1516m)/(0.3333s)2 = 2.729m/s2 
  Trial 3: a = 2(0.2211m)/(0.3333s)2 = 3.981m/s2 
  Trial 4: a = 2(0.1689m)/(0.3333s)2 = 3.041m/s2 
  Trial 5: a = 2(0.1621m)/(0.3333s)2 = 2.918m/s2 
  Trial 6: a = 2(0.1396m)/(0.3333s)2 = 2.513m/s2 
 

3. Show all your work to calculate the quotient of the net force on the system and the 
average mass of the system from the data table above. Place the resultant value in 
the right most column of table below.  

ΣF/maverage = (4.91 N)/(1.460 kg) = 3.363N/kg 
 
 

4. Compare the average value from Analysis #2 to the average value from Analysis 
#3. Do they have the equivalent units? In our labs, the word “compare” never 
means simply "talk about them." It means to calculate a "percent difference." 
Again, this is calculated in the following way: 

The average value from Analysis #3 is larger than the average value from 
Analysis #2, but the two values are very close to each other. They have 
equivalent units because 1N = (1kg)(1m/s2), and when divided by 
kilograms, as in Analysis #3, those cancel with m/s2 remaining. 

      % Difference =  ׀Most Trusted Value – Least Trusted Value׀ X 100% 
Most Trusted Value 

 X 100% ׀3.363N/kg – 3.056m/s2׀  =    
      3.363N/kg 

       = 9.13% 
5. What is concluded from your comparison above?  

It can be concluded that, with only a 9.13% difference, the value 
determined in lab is close to the value calculated using Newton’s second 
law. 
 

Conclusion: 
The purpose of this lab was to find the mathematical relationship that equates the 

acceleration of a system to the net force that acts on that system and the mass of the 
system. It was hypothesized that the acceleration of the system will be equal to the net 

Trial Calculated 
Acceleration of the 

Cart 
(m/s2) 

(Net Force on the 
Cart) ÷ (Total 

Mass of System) 
(N/kg) 

1 3.154 3.363 
2 2.729 3.363 
3 3.981 3.363 
4 3.041 3.363 
5 2.918 3.363 
6 2.513 3.363 

Average 3.056 3.363 
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force of the system divided by the total mass of the system, or, in other words, Newton’s 
second law. This hypothesis was supported because the value of experimentally 
determined average acceleration was within 9.13% of the value calculated using 
Newton’s second law. The experimentally determined average acceleration is smaller 
than the calculated average acceleration most likely because of experimental error. One 
possible source of error could have arisen when choosing the small mass that was used to 
overcome friction. The weights only came in gram masses of 10, 20, or greater. 20 grams 
was used because it maintained a constant velocity the best, but a larger mass between 20 
grams and 30 grams may have been necessary to overcome friction. This 20 gram mass 
may not have been able to completely overcome friction and would have moved the cart 
a shorter distance and, thus, the accelerations, which are distance over time squared, 
would have been decreased. 
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Hooked Metal Cube 

Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 
Date: 1 October 2016 

 
Lab #5 - The Coefficient of Kinetic Friction 

 
Purpose/ Problem: To determine and compare the values of the coefficient of kinetic 
friction between a metal block and a wooden ramp when the ramp is both horizontal and 
inclined. 
 
Hypothesis: The coefficient of kinetic friction between the metal block and the wooden 
ramp when the ramp is horizontal will be the same as the coefficient of kinetic friction 
when the ramp is inclined.  
 
Materials: 2.5 N spring scale, electronic balance, hooked metal cube/block, pine board 
ramp, ring stand, protractor 
 
Experimental Design & Procedure: 
 
Sketch of set up: 
 
 
 
 
 
 
 
 
 
 
 
 

1. Zero the spring scale by hanging it on the ring stand and pulling the metal scale 
tab up or down until it reads “0”. 

2. Measure the mass of the metal cube/block on the electronic balance and record it 
in the data table. This value should be the same for all five trials. 

3. Place the cube/block on the ramp with the ramp lying horizontally on the lab 
table. Pull the block along the ramp by the hook with the spring scale at a constant 
slow speed. Record the spring scale value in the data table. Repeat this procedure 
four more times so that five trial will have been measured. 

4. Lower the clamp arm of the ring stand until it is just a few inches off the lab table. 
Support the top of the ramp on the clamp arm. Place the metal block on top of the 
ramp and slowly lift the ring stand clamp arm while gently tapping the block until 

Spring Scale 

Pine Board 
Ring Stand 
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FA=0.52N 

Fg 

FFr 

FN 
y 

x 

µk = ? 
m=0.272kg 

Ө = 9.9º 

Fg µk = ? 

the metal block will slide down the inclined ramp at a constant speed. Once the 
angle of incline that causes the block to slide at a constant speed has been 
established, measure the angle between the ramp and the lab table with a 
protractor and record the angle in the data table. Repeat this procedure four more 
times for a total of five trials. 

 
Observations & Data: 

Trial Mass of Metal Block 
               (kg) 

Spring Scale Reading 
When Ramp is 

Horizontal 
                (N) 

Angle of Ramp So 
Metal Block Slides 
at a Constant Speed 

(degrees) 
1 0.272 0.53 11.0 
2 0.272 0.50 9.4 
3 0.272 0.50 9.6 
4 0.272 0.52 10.0 
5 0.272 0.53 9.5 

Average 0.272 0.52 9.9 
 
Analysis: 

1. Using the average values of the data in the first two columns of the table and 
showing all relevant work, calculate the coefficient of kinetic friction between the 
metal block and the ramp when the ramp is horizontal. 
 
 

ΣFx = FA – FFr = 0,    ΣFy = FN – Fg = 0 
          FA = FFr          FN = Fg 

               FA = µkFN         FN = mg 
                          FA = µkmg 
                          µk = FA/mg 
                µk = (0.52N)/(0.272kg)(9.81m/s2) 
                µk = 0.19 
 

2. Using the average value of the data in the third column of the table and showing 
all relevant work, calculate the coefficient of kinetic friction between the metal 
block and the ramp when the ramp is at an angle. 
 
 

ΣFx = Fgx – FFr = 0,    ΣFy = FN – Fgy = 0 
               FgsinӨ = µkFN             FN = Fgy 
               FgsinӨ = µk(FgcosӨ)   FN = FgcosӨ 
               µk = tanӨ 
               µk = tan(9.9º) 
               µk = 0.17 
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3. How do the two calculations of the coefficient of kinetic friction compare? 
The coefficient of kinetic friction on the horizontal board about the same 
as the coefficient of kinetic friction on the inclined ramp. 
 

      % Difference =  |measured1 – measured2|  X 100%  
          1

2
(measured1 + measured2) 

    = |0.19 – 0.17| X 100% 
 0.18 

       = 11% 
 
Conclusion  
 The purpose of this lab was to determine and compare the values of the 
coefficient of kinetic friction between a metal block and a wooden ramp when the ramp 
was both horizontal and inclined. It was hypothesized that the coefficient of kinetic 
friction between the metal block and the wooden ramp when the ramp was horizontal 
would be equal to the coefficient of kinetic friction when the ramp was inclined. The 
hypothesis was supported because the µk on the horizontal board was about the same as 
the µk on the inclined ramp, with only an 11% difference. This was to be expected since 
µk measures the amount of roughness a surface has, and both experiments were tested on 
the same board. The 11% difference between each coefficient could have been due to 
experimental error, such as the inconsistency in the block’s acceleration. As the block 
slid down the ramp, it transitioned between periods of acceleration and deceleration. This 
transition would have invalidated the calculations in which acceleration was assumed to 
be zero. In addition, the inconsistency may have led to a smaller angle measurement by 
appearing to maintain a constant speed, and thus a smaller µk for the inclined ramp would 
have resulted. 
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Ring Stand 

Pine Ramp 

Spring Scale 

Hooked Metal Block 

Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #6- Conservation of Mechanical Energy 

 
Purpose/Problem: To determine whether the work done to pull a metal block up an 
inclined plane in the absence of friction is greater than, less than, or equal to the potential 
energy that the block would obtain if lifted straight up to the same height. 
 
Hypothesis: The work done to pull a metal block up an inclined plane in the absence of 
friction will be equal to the potential energy that the block would obtain if lifted straight 
up to the same height. 
 
Materials: Pine ramp, ring stand, hooked metal block, spring scale, and meter stick 
 
Experimental Design & Procedure: 

1. Zero the spring scale. Determine the mass of the metal block with the spring scale 
and record this mass. 

2. Set up an inclined plane by resting the groove on the underside of the pine ramp 
on the clips of the pendulum clamp attached to the ring stand with the top of the 
ramp at any height, h, above the lab table. Make sure that the incline is steep 
enough so that the metal block would accelerate down the ramp if released from 
the top of the incline.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. Measure the height, h, from the lab table to the UNDERSIDE of the top of the 
pine board and record this height. Note: This height will stay constant throughout 
the whole lab. 

4. Measure the length, , of the pine board ramp and record this length. Note: This 
length will stay constant throughout the whole lab. 
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Fg 

Fg 

5. Hook the spring scale to the block and pull the block up the plane at a constant 
velocity. While the block is moving at a constant velocity, read the applied force 
on the scale. Record this value in the table as Fraise since this is the force necessary 
to pull the block up the ramp. Note that this force, Fraise, is equal to the component 
of the block's weight acting down the ramp, Fg//, plus the force of friction also 
pulling down the ramp. Therefore, Fraise = Fg// + Ffriction. Repeat this step four 
more times and record the values for the other four trials. 

6. Now start the block at the top of the ramp and lower it down the incline at a 
constant velocity. While the block is moving at a constant velocity, again read the 
applied force on the scale. Record this value in the table as Flower since it is the 
force necessary to lower the block down the ramp. Note that the force, Flower, is 
still directed up the ramp because the force is keeping the block from accelerating 
down the ramp. The component of weight acting down the ramp is the same as 
before; however, friction is now acting up the ramp since it always opposes the 
motion of the block. Therefore, Flower = Fg// - Ffriction. Repeat this step four more 
times and record the values for the other four trials. 

 
Observations & Data: 
 
Mass of block: 0.273g 
Length, , of ramp: 0.9150m 
Height, h, of incline: 0.4708m 
 

Trial Fraise  (N) Flower  (N) 

1 1.85 0.83 
2 1.86 0.81 
3 1.84 0.83 
4 1.87 0.81 
5 1.84 0.82 

Average 1.85 0.82 
 
Analysis: 

1. Show where the two bolded equations from steps #5 and #6 of the experimental 
procedure come from and then add the two equations together. Now algebraically 
solve for Fg//. 

 
 

 
ΣFx = Fraise – Fg// – FFr = 0 

 
      Fraise – Fg// – FFr = 0 
               +Flower – Fg// + FFr = 0 
      Fraise + Flower – 2Fg// = 0 

                ∴Fg// = (Fraise – Flower)/2 
 

   ΣFx = FFr + Flower – Fg// = 0 
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2. Using the new algebraic expression from Analysis #1, calculate the value of Fg// 
using the average values of Fraise and Flower. 

Fg// = (Fraise – Flower)/2 
      = [(1.85N) – (0.82N)]/2 
      = 1.3N 
 

3. Calculate the average work done to pull the block up the ramp in the absence of 
friction. Since Fg// is the force needed to do this work and the length of the ramp, 
, is the distance through which the force has to act to get the block up the ramp, 
the work is simply W = F//∆x = Fg//. 

W = F//∆x = Fg// 
     = (1.3N)(0.9150m) 
     = 1.2 J 
 

4. Calculate the average potential energy, Ug = mgh, of the block when it is raised to 
height h. 

Ug = mgh 
     = (0.273kg)(9.81m/s2)(0.4708m) 
     = 1.26 J 
 

5. Compare the average work done to pull the metal block up the inclined plane in 
the absence of friction to the average potential energy the block obtained by 
lifting it straight up to the same height. Explain the meaning of these results in 
detail in the conclusion. 
% Difference =  ׀Most Trusted Value – Least Trusted Value׀ X 100% 

                                                    Most Trusted Value 
 X 100% ׀ J – 1.2 J 1.26׀  =               

                  1.26 J 
           = 5% 

 
Conclusion:  
 The purpose of this lab was to determine whether the work done to pull a metal 
block up an inclined plane in the absence of friction is greater than, less than, or equal to 
the potential energy that the block would obtain if lifted straight up to the same height. It 
was hypothesized that the work done to pull the metal block up the inclined plane in the 
absence of friction would be equal to the potential energy that the block would obtain if 
lifted straight up to the same height. The hypothesis was supported because the calculated 
work done to pull the block was, in fact, about equal to the potential energy obtained by 
lifting the block straight up, with only a 5% difference between the two. This was to be 
expected since the block’s potential energy, or potential to do work, was transformed into 
kinetic energy and work was done. In other words, energy was conserved, so of course 
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the work and potential energy would be the same. The 5% difference between the work 
and potential energy could have been due to experimental error, such as an acceleration 
of the block due to inconsistencies in roughness on the pine board. This acceleration 
could have caused a smaller measured Fraise or a larger measured Flower, leading to a 
decreased Fg// and thus a smaller amount of work. 
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Timer Tape Protractor 

Dynamics Cart 2 Dynamics Cart 1 

Needle 

Tape Timer 

Spring Mechanism 

Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #7- 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, tape timer, timer tape, carbon disks, electronic mass balance, ruler, 
two protractors, masking tape 
 
Experimental Design & Procedure:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Attach a strip of timer tape to both dynamic carts using two protractors and tape, as shown 
above. 

2. Mass each cart with the attachments, and record the masses in the chart below. 
3. In the tape timer, place one carbon disk below the needle, then the tape of Cart 1, followed by 

another carbon disk, and finally the tape of Cart 2. 
4. Push the carts together toward the center of the tape timer, compressing the spring. 
5. One partner will be in charge of the tape timer while the other will be in charge of the 

dynamic carts. The first partner will turn on the tape timer after which the partner holding the 
carts will have released the carts. Allow the vehicle to pull the timer tape straight through the 
timer, but do not allow the carts to fall off the table. 

6. On the timer tape, label the first dot after the spring mechanism if finished acting, and the 
cart’s acceleration is over. Then, count off 10 dots and measure this distance, recording this 
data in the chart below. 

7. The timer makes a dot 60 times every second, so the total time will be the timer period 
multiplied by ten since there are ten dots. 

8. Repeat these steps at least five more times. 
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+x right 

+x right 

Observation & Data:  
Cart 1 (moving left) 
Trial Distance during 10 

intervals (m) 
Time for 10 
intervals (s) 

Mass of Cart 1 
(kg) 

Average speed 
for 10 intervals 
(m/s [left]) 

1 0.0908 0.167s 0.974 0.544 
2 0.0707 0.167s 0.974 0.423 
3 0.1291 0.167s 0.974 0.773 
4 0.0780 0.167s 0.974 0.467 
5 0.0624 0.167s 0.974 0.374 
 
Cart 2 (moving right) 
Trial Distance during 10 

intervals (m) 
Time for 10 
intervals (s) 

Mass of Cart 2 
(kg) 

Average speed 
for 10 intervals 
(m/s [right]) 

1 0.0871 0.167s 0.918 0.522 
2 0.0937 0.167s 0.918 0.561 
3 0.1379 0.167s 0.918 0.826 
4 0.0864 0.167s 0.918 0.517 
5 0.0732 0.167s 0.918 0.438 
 
Analysis:  

1. Calculate the average velocity of Cart 1 for each trial, recording the results in the table above. 
 
 

 
v1-1 = ∆x1/∆t1 = (-0.0908m)/(0.167s) = -0.544m/s  
v�⃑  = 0.544m/s [left] 
v2-1 = ∆x2/∆t2 = (-0.0707m)/(0.167s) = -0.423m/s  
v�⃑  = 0.423m/s [left] 
v3-1 = ∆x3/∆t3 = (-0.1291m)/(0.167s) = -0.773m/s  
v�⃑  = 0.773m/s [left] 
v4-1 = ∆x4/∆t4 = (-0.0780m)/(0.167s) = -0.467m/s  
v�⃑  = 0.467m/s [left] 
v5-1 = ∆x5/∆t5 = (-0.0624m)/(0.167s) = -0.374m/s  
v�⃑  = 0.374m/s [left] 
 

2. Calculate the average velocity of Cart 2 for each trial, recording the results in the table above. 
 
 
 

v1-2 = ∆x1/∆t1 = (+0.0871m)/(0.167s) = +0.522m/s  
v�⃑  = 0.522m/s [right] 
v2-2 = ∆x2/∆t2 = (+0.0937m)/(0.167s) = +0.561m/s  
v�⃑  = 0.561m/s [right] 
v3-2 = ∆x3/∆t3 = (+0.1379m)/(0.167s) = +0.826m/s  
v�⃑  = 0.826m/s [right] 
v4-2 = ∆x4/∆t4 = (+0.0864m)/(0.167s) = +0.517m/s  
v�⃑  = 0.517m/s [right] 
v5-2 = ∆x5/∆t5 = (+0.0732m)/(0.167s) = +0.438m/s  
v�⃑  = 0.438m/s [right] 

Cart 2 

Cart 1 

Cart 2 
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0 

0 
3. Using the velocities from above, calculate the momentum for Cart 1 in each trial. Record the 

results in the chart above. 
P��⃑  = m∆v�⃑  = mv�⃑ f – mv�⃑ i = mv�⃑ f 

P��⃑ 1 = mv�⃑ 1f = (0.974kg)(0.544m/s [left]) = 0.530 kg·m/s [left] 
P��⃑ 2 = mv�⃑ 2f = (0.974kg)(0.423m/s [left]) = 0.412 kg·m/s [left] 
P��⃑ 3 = mv�⃑ 3f = (0.974kg)(0.773m/s [left]) = 0.753 kg·m/s [left] 
P��⃑ 4 = mv�⃑ 4f = (0.974kg)(0.467m/s [left]) = 0.455 kg·m/s [left] 
P��⃑ 5 = mv�⃑ 5f = (0.974kg)(0.374m/s [left]) = 0.364 kg·m/s [left] 
 

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

P��⃑  = m∆v�⃑  = mv�⃑ f – mv�⃑ i = mv�⃑ f 

P��⃑ 1 = mv�⃑ 1f = (0.918kg)(0.522m/s [right]) = 0.479 kg·m/s [right] 
P��⃑ 2 = mv�⃑ 2f = (0.918kg)(0.561m/s [right]) = 0.515 kg·m/s [right] 
P��⃑ 3 = mv�⃑ 3f = (0.918kg)(0.826m/s [right]) = 0.758 kg·m/s [right] 
P��⃑ 4 = mv�⃑ 4f = (0.918kg)(0.517m/s [right]) = 0.475 kg·m/s [right] 
P��⃑ 5 = mv�⃑ 5f = (0.918kg)(0.438m/s [right]) = 0.402 kg·m/s [right] 

 
5. Compare the momentums of the two carts in each trial. 

% Difference =   |measured1 – measured2|   X 100%  
            1

2
(measured1 + measured2) 

Trial 1:          =  |0.530 kg·m/s – 0.479 kg·m/s| × 100% = 10.1% 
                0.505 kg·m/s 
Trial 2:          =  |0.412 kg·m/s – 0.515 kg·m/s| × 100% = 22.2% 
                0.464 kg·m/s 
Trial 3:          =  |0.753 kg·m/s – 0.758 kg·m/s| × 100% = 0.661% 
                0.756 kg·m/s  
Trial 4:          =  |0.455 kg·m/s – 0.475 kg·m/s| × 100% = 4.30% 
                0.465 kg·m/s  
Trial 5:          =  |0.364 kg·m/s – 0.402 kg·m/s| × 100% = 9.92% 
                0.383 kg·m/s 
Average % Difference: 9.44% 
 

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 were held together and then released, the final momentum of the system would be equal to the 
initial momentum of the system. This hypothesis was supported because the momentum of each cart 
was about the same. In fact, the average percent difference of all the trials conducted was only 9.44%, 
meaning that the momenta of Cart 1 and Cart 2 were very close. Therefore, momentum must have 
been conserved since the total momentum of the system was zero before and after the carts were 
released; the carts were not moving at first, and then began moving with equal momentum, but in 
opposite directions. The average 9.44% difference between the momenta of the carts could have been 
due to experimental error, such as friction. Cart 1 had a larger mass than Cart 2, so its weight was 
larger and, as a result, experienced a greater pull downward toward Earth, increasing its friction with 
the table below it. That friction may have slowed the cart’s velocity and consequently decreased the 
cart’s momentum, creating a wider gap between the momentum of Cart 1 and Cart 2. Then, the 
system’s momentum would have been further form zero, and momentum would not have appeared to 
be conserved. 
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Meter Stick 

C-clamp 

Name: Connor Humiston 
Lab Partner: Lucas Jordan 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #8- Torque 

 
Purpose/Problem: To determine the sum of the clockwise and counterclockwise torques about a 
given axis of rotation for a system that is in rotational equilibrium. 
 
Hypothesis: The sum of the clockwise and counterclockwise torques about a given axis of 
rotation for a system that is in rotational equilibrium will be equal to zero. 
 
Materials: Meter stick, two 5N or 10N spring scales, three meter stick C-clamps,  
500 g hooked mass, two ring stands with pendulum clamps 
 
Experimental Design & Procedure: 

1. Hang each of the spring scales from the pendulum clamp on each of the ring stands. Zero 
the spring scales while nothing is hanging from them. 

2. Then set up the apparatus as illustrated below:   
 
 
 

 
 
 
 
 
        A          C 
     B 
 
 
 
 
 
 

3. (a)   Hang the first clamp on one of the spring scales and attach it at the 5.0 cm  
       mark to the meter stick. 
(b)  Center the second clamp at the 50.0 cm mark on the meter stick and connect it   
       to the 500 g mass. 
(c)  Hang the third clamp on the other spring scale and attach it at the 95 cm mark    

 to the meter stick. 
4. Note carefully the readings on both spring scales. Then take the 500 g hooked mass off 

its clamp and again carefully note the readings of both scales. Calculate the 
DIFFERENCE of the reading on each scale before and after the mass is removed and 
record each difference in the appropriate places in the data table. 

5. Record the distance from Clamp A to Clamp B and the distance from Clamp B to 
Clamp C. The center of Clamp B will serve as the "axis of rotation" or pivot point in 
this lab. 

Ring Stand 

Spring Scale 

500g mass 
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Axis of Rotation 

ℓ 

Fclockwise = F⊥ 

Line of Action 

Axis of Rotation 

ℓ 

Fcounterclockwise = F⊥ 

Line of Action 

6. Repeat Steps #3 through #5 for Trials #2 through #5, moving Clamp A and/or Clamp B 
to different positions on the meter stick. The meter stick must be horizontal at all times 
and the clamps must be vertical at all times. Therefore, it may be necessary to move the 
ring stands or to raise or lower the pendulum clamps when the C-clamps are moved to 
different positions to maintain the horizontal orientation of the meter stick. 
 

Observations & Data: 
                 Clockwise Torque             Counterclockwise Torque 

Trial Difference in  
Scale A  

Force Reading  
(N) 

Distance from 
Clamp A 

to  
Clamp B 

(m) 

Difference in  
Scale C  

Force Reading  
(N) 

Distance from 
Clamp B  

to 
Clamp C 

(m) 
1 2.25 0.450 2.25 0.450 
2 4.00 0.150 0.80 0.750 
3 0.20 0.850 3.40 0.050 
4 2.00 0.500 2.50 0.400 
5 3.35 0.250 1.30 0.650 

 
Analysis: 

1. Determine the magnitudes of the clockwise and counterclockwise torques for each trial. 
Clockwise Torque: 
 
 
 

 
 
τ1clockwise = F⊥1ℓ1 = (2.25N)(0.450m) = 1.01 N∙m 
τ2clockwise = F⊥2ℓ2 = (4.00N)(0.150m) = 0.600 N∙m 
τ3clockwise = F⊥3ℓ3 = (0.20N)(0.850m) = 0.17 N∙m 
τ4clockwise = F⊥4ℓ4 = (2.00N)(0.500m) = 1.00 N∙m 
τ5clockwise = F⊥5ℓ5 = (3.35N)(0.250m) = 0.838 N∙m 
 

  Counterclockwise Torque: 
 

 
 

 
 

 
τ1counterclockwise = F⊥1ℓ1 = (2.25N)(0.450m) = 1.01 N∙m 
τ2counterclockwise = F⊥2ℓ2 = (0.80N)(0.750m) = 0.60 N∙m 
τ3counterclockwise = F⊥3ℓ3 = (3.40N)(0.050m) = 0.17 N∙m 
τ4counterclockwise = F⊥4ℓ4 = (2.50N)(0.400m) = 1.00 N∙m 
τ5counterclockwise = F⊥5ℓ5 = (1.30N)(0.650m) = 0.845 N∙m 
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2. Compare the magnitudes of the clockwise and counterclockwise torques for each trial 
with a percent difference calculation. 

Trial 1: % Difference =  |τ1counterclockwise – τ1clockwise| × 100% 
                       τ1counterclockwise 

         =  |1.01 N∙m – 1.01 N∙m|     × 100% = 0.000% 
1.01 N∙m 

Trial 2: % Difference =  |τ2counterclockwise – τ2clockwise| × 100% 
                        τ2counterclockwise 
                =  |0.60 N∙m – 0.600 N∙m|   × 100% = 0.00% 
                    0.60 N∙m 

Trial 3: % Difference =  |τ3counterclockwise – τ3clockwise| × 100% 
                        τ3counterclockwise 
                =  |0.17 N∙m – 0.17 N∙m|     × 100% = 0.00% 
                    0.17 N∙m 

Trial 4: % Difference =  |τ4counterclockwise – τ4clockwise| × 100% 
                        τ4counterclockwise 
                =  |1.00 N∙m – 1.00 N∙m|     × 100% = 0.000% 
                    1.00 N∙m 

Trial 5: % Difference =  |τ5counterclockwise – τ5clockwise| × 100% 
                        τ5counterclockwise 
                =  |0.845 N∙m – 0.838 N∙m| × 100% = 0.8% 
                    0.845 N∙m 

Average Percent Difference: 0.2% 
 

3. Calculate the sum of the clockwise and counterclockwise torques for each trial. Show 
your work here using appropriate signs. 

ΣF = Fcounterclockwise + Fclockwise 
Trial 1: ΣF1 = (1.01N∙m) + (-1.01N∙m) = 0.000 N∙m 
Trial 2: ΣF2 = (0.60N∙m) + (-0.600N∙m) = 0.00 N∙m  
Trial 3: ΣF3 = (0.17N∙m) + (-0.17N∙m) = 0.00 N∙m 
Trial 4: ΣF4 = (1.00N∙m) + (-1.00N∙m) = 0.000 N∙m 
Trial 5: ΣF5 = (0.845N∙m) + (-0.838N∙m) = 0.007 N∙m 

 
4. How much work is done by the torques in each trial? Justify this answer. 

Clockwise Work: 
W = F//∆x 

   Trial 1: W1 = (-2.25N)(0m) = 0 J 
   Trial 2: W2 = (-0.60N)(0m) = 0 J 
   Trial 3: W3 = (-0.17N)(0m) = 0 J 
   Trial 4: W4 = (-1.00N)(0m) = 0 J 
   Trial 5: W5 = (-0.845N)(0m) = 0 J 
 
  Counterclockwise Work: 
    W = F//∆x 
   Trial 1: W1 = (2.25N)(0m) = 0 J 
   Trial 2: W2 = (0.600N)(0m) = 0 J 
   Trial 3: W3 = (0.17N)(0m) = 0 J 
   Trial 4: W4 = (1.00N)(0m) = 0 J 
   Trial 5: W5 = (0.838N)(0m) = 0 J 
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5. Add the force readings of Scale A and Scale C for each trial. Show your work here using 
subscripts. How does the average of these sums compare to the weight of the 500g mass? 

Trial 1: ΣF1 = F1A + F1C = 2.25N + 2.25N = 4.50 N 
Trial 2: ΣF2 = F2A + F2C = 4.00N + 0.80N = 4.80 N 
Trial 3: ΣF3 = F3A + F3C = 0.20N + 3.40N = 3.60 N 
Trial 4: ΣF4 = F4A + F4C = 2.00N + 2.50N = 4.50 N 
Trial 5: ΣF5 = F5A + F5C = 3.35N + 1.30N = 4.65 N 
ΣFavg = 4.41 N 
 
Weight: Fg = mg = (0.500g)(9.81m/s2) = 4.91 N 
 
% Difference = |Fg  – ΣFavg| × 100% 
                    Fg 

         =  |4.91N – 4.41N| × 100%  
                   4.91N 

         = 10.2% 
 
Conclusion: 
 The purpose of this lab was to determine the sum of the clockwise and counterclockwise 
torques about a given axis of rotation for a system that is in rotational equilibrium. It was 
hypothesized that the sum of the clockwise and counterclockwise torques about a given axis of 
rotation for a system that is in rotational equilibrium would be equal to zero. The hypothesis was 
supported because the clockwise and counterclockwise torques in the system did, in fact, add up 
to equal zero, disregarding trial 5, which was only 0.8% away. This makes sense because the ratio 
of the force and lever arm length on one side was equal and in the opposite direction to the other, 
thus canceling to zero. Therefore, in the real world, a smaller force over a larger distance can 
accomplish the same task as a larger force over a smaller distance. Furthermore, it can be 
affirmed that the sum of the forces, in accordance with Newton’s second law, and the sum of the 
torques in a system at rotational equilibrium will be equal to zero due to their opposing directions. 
Lastly, the 0.8% difference in trial 5 was most likely due to experimental error. That error could 
have arisen if the meter stick was not perfectly level. If it was not perfectly level, Scale A may 
have been higher than Scale C, which would have resulted in a decreased force reading and a 
clockwise torque too small to cancel with the counterclockwise torque. 
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thermometer 

Name: Connor Humiston 
Lab Partner: Lucas Jordan 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 
 

Lab #10- Specific Heat Capacity of Brass 
 

Purpose/Problem: To determine the specific heat capacity of brass. 
 
Hypothesis: The specific heat capacity of brass will be determined to be 376 J/kg.oC.  
 
Materials: safety goggles, alcohol thermometer, aluminum calorimeter, brass sample, 
electronic balance, tap water, one paper towel 
 
Experimental Design & Procedure: 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Mass the inner cup of the calorimeter on the electronic balance and record the 
value below in the table. Then add tap water from one of the sinks to the inner cup 
until it is approximately three quarters full. Again mass the inner cup on the 
balance and record this value in the table below. 

2. Reassemble the calorimeter by placing the inner cup back in the calorimeter with 
the support ring and the lid on the calorimeter. Put the thermometer through the 
hole in the calorimeter's lid and into the water. Wait for the water, calorimeter, 
and thermometer to come to thermal equilibrium. Read and record the 
temperature of the water in the calorimeter to the nearest tenth of a degree as the 
initial temperature of the water. 

3. Remove the thermometer and place it in its protective sleeve when not in use. 
Bring your calorimeter up to the teacher work station where Coach McKellips 
will place a piece of hot brass of your choosing inside the calorimeter. Mr. 
McKellips will also tell you the temperature of the brass as it enters your 
calorimeter. Record this value as the initial temperature of the hot brass in the 
table below. Immediately replace the lid on the calorimeter and bring it 
calorimeter back to your lab station. 

brass sample 

inner aluminum calorimeter cup 
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4. Place the thermometer through the lid of the calorimeter and into the water that 
now contains the brass sample. Wait for your system to come to equilibrium and 
then record the temperature as the final temperature of the system. 

5. Finally, dry and mass the brass on the balance. 
6. Repeat Steps #1 through #5 for Trials #2 and #3. 

 
Observations & Data: 

 
Analysis: 

1. Calculate the mass of the water in the calorimeter in SI units for each trial. 
Trial 1: mwater = mcalorimeterwithwater + memptycalorimeter 
            = 0.236kg – 0.054kg 
            = 0.182kg 
Trial 2: mwater = mcalorimeterwithwater + memptycalorimeter 
            = 0.262kg – 0.054kg 
            = 0.208kg 
Trial 3: mwater = mcalorimeterwithwater + memptycalorimeter 
            = 0.260kg – 0.054kg 
            = 0.206kg 
 

2. Show all the algebra necessary to calculate the specific heat capacity of the brass. 
Begin with the basic algebraic calorimetry statement that the opposite of the heat 
lost by the brass is equal to the heat gained by the water plus the heat gained by 
the inner calorimeter cup and then show all algebra steps necessary to arrive at the 
resultant. 

Q = mc∆Τ   
Qlostbrass = Qgainedwater + QgainedinnerAlcup 

     −Qbrass = QH2O + QAlcup 
         −mbrasscbrass∆Tbrass = mH2OcH2O∆TH2O + mAlcAl∆TAl 
           −mbrasscbrass(Tf − Tibrass) = mH2OcH2O(Tf − TiH2O) + mAlcAl(Tf − TiAl) 
        cbrass = [mH2OcH2O(Tf − TiH2O) + mAlcAl(Tf − TiAl)] 
       −  mbrass(Tf − Tibrass) 

 
 
 

Trial Mass of the 
empty 
(inner) 

calorimeter 
cup 
(kg) 

Mass of the 
(inner) 

calorimeter cup  
¾ full of tap 

water 
 (kg) 

Initial 
temperature of 
the water in the 
calorimeter cup 
(and the cup) 

(oC) 

Initial 
temperature 

of brass 
(oC) 

Final 
temperature 

of the 
system 

(oC) 

Mass 
of the 
brass 

sample 
(kg) 

1 0.054 0.236 19.8 93.0 22.0 0.072 
2 0.054 0.262 20.9 91.2 22.9 0.072 
3 0.054 0.260 21.0 89.0 23.0 0.072 
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3. Using your final algebraic expression from Analysis #2 as well as the appropriate 
table values and the values from Analysis #1, calculate the numeric value for the 
specific heat capacity of the brass for each trial. 
Trial 1:  

              cbrass = [mH2OcH2O(Tf − TiH2O) + mAlcAl(Tf − TiAl)] 
     − mbrass(Tf − Tibrass) 

         = [(0.182kg)(4186J/kg.oC)(22.0oC − 19.8oC) + (0.054kg)(903J/kg.oC)(22.0oC − 19.8oC)] 
− [(0.072kg)(22.0oC – 93.0oC)] 

          = 349J/kg.oC 
 Trial 2: 
              cbrass = [mH2OcH2O(Tf − TiH2O) + mAlcAl(Tf − TiAl)] 

     − mbrass(Tf − Tibrass) 
         = [(0.208kg)(4186J/kg.oC)(22.9oC − 20.9oC) + (0.054kg)(903J/kg.oC)(22.9oC − 20.9oC)] 

− [(0.072kg)(22.9oC – 91.2oC)] 
          = 374J/kg.oC 

Trial 3: 
              cbrass = [mH2OcH2O(Tf − TiH2O) + mAlcAl(Tf − TiAl)] 

     − mbrass(Tf − Tibrass) 
         = [(0.206kg)(4186J/kg.oC)(23.0oC − 21.0oC) + (0.054kg)(903J/kg.oC)(23.0oC − 21.0oC)] 

− [(0.072kg)(23.0oC – 89.0oC)] 
          = 383J/kg.oC 
 

4. Average your results from Analysis #3 and compare this average to the accepted 
value in your hypothesis with a percent error calculation. 

Average = (349J/kg.oC + 374J/kg.oC + 383J/kg.oC)/3 = 369J/kg.oC 
 
  % Error = |cacceptedbrass − ccalculatedbrass| × 100% 
      ccalculatedbrass 
     = |376J/kg.oC − 369J/kg.oC| × 100% 
       376J/kg.oC 
     = 1.86% 

 
Conclusion:  
 The purpose of this lab was to experimentally determine the specific heat capacity 
of brass. It was hypothesized that the specific heat capacity of brass would be determined 
to be 376 J/kg.oC. This hypothesis was supported because the experimentally determined 
specific heat capacity of brass was found to be 369 J/kg.oC, a mere 1.86% different from 
the accepted value of 376 J/kg.oC, meaning that they were essentially the same. This 
makes sense because the specific heat of any substance is always the same. The 1.86% 
difference may have been due to experimental error, such as the inevitable loss of heat to 
the environment. As the brass sample was being transferred into the calorimeter, heat 
may have been lost from the brass to the air. In addition, heat may have been lost through 
the top of the calorimeter where there was no aluminum cover nor any air insulation. This 
possible heat loss would have caused the final temperatures to be lower. Thus, in each 
calculation, the change in temperature would be less, which would decrease each 
calculated specific heat.  
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Meter Stick 

Pendulum Clamp 

Hooked Mass 

Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #11- The Period of a Pendulum 

 
Purpose/Problem: To investigate whether the period of a pendulum varies with mass, amplitude, 
and/or length. 
 
Hypothesis: The period of a pendulum will not be affected by the pendulum’s mass, but will be 
directly proportional to the amplitude and length between the pivot point and pendulum bob’s 
center of mass. 
 
Materials: Ring stand, pendulum clamp, set of hooked masses, string, stopwatch, meter stick 
 
Experimental Design & Procedure: 

1. Using the equipment listed, create a pendulum with a length of 50 cm from the string’s 
pivot point to the center of mass of the hanging object. Test the effect of mass on the 
period of the pendulum by using different mass bobs. Release the bob with the same 10 
cm amplitude during each trial. NOTE: the pendulum's length changes when a new 
pendulum bob is put on and the string must be adjusted accordingly each time a new bob 
is used. Record the results in Table 1 below. 

 
 
 
 
 
 
 
 
 
 
 2.  Repeat Step #1 but, instead of varying the mass, vary only the amplitude. Use the 200 g 

mass for the bob each trial and the same 50 cm pendulum length as before. Record the 
results in Table 2 below. 

 3.  Repeat Step #1 again but now vary only the length of the pendulum. Use the 200 g mass 
for the bob and a constant amplitude of 10 centimeters for each trial. Record the results in 
Table 3 below. 

 
Observations & Data: 

Table 1- Effect of Mass on Period 
Trial Mass (g) Period (s) 

1 20 g 1.40 
2 50 g 1.41 
3 100 g 1.42 
4 200 g 1.40 
5 500 g 1.42 
6 1000 g 1.42 
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Table 2- Effect of Amplitude on Period 
Trial Amplitude (cm) Period (s) 

1 5 cm 1.39 
2 10 cm 1.37 
3 15 cm 1.36 
4 20 cm 1.36 
5 25 cm 1.41 
6 30 cm 1.39 

 
Table 3- Effect of Length on Period 

Trial Length (cm) Period (s) 
1 10 cm 0.65 
2 30 cm 1.08 
3 50 cm 1.39 
4 70 cm 1.65 
5 90 cm 1.87 
6 110 cm 2.08 

 
Table 4- Effect of 1/Length on Period 

Trial Length (cm-1) Period (s) 
1 0.10 cm 0.65 
2 0.033 cm 1.08 
3 0.020 cm 1.39 
4 0.014 cm 1.65 
5 0.011 cm 1.87 
6 0.0091 cm 2.08 

 
Table 5- Effect of (Length)2 on Period 

Trial Length (cm2) Period (s) 
1 100 cm 0.65 
2 900 cm 1.08 
3 2500 cm 1.39 
4 4900 cm 1.65 
5 8100 cm 1.87 
6 12100 cm 2.08 

 
Table 6- Effect of √Length on Period 

Trial Length (cm1/2) Period (s) 
1 3.16 cm 0.65 
2 5.48 cm 1.08 
3 7.07 cm 1.39 
4 8.37 cm 1.65 
5 9.49 cm 1.87 
6 10.49 cm 2.08 

 
Analysis: 

1. Graph period as a function of mass on graph paper.  
 2.  Graph period as a function of amplitude on graph paper.  
 3.  Graph period as a function of length on graph paper.  
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 4.  Looking at the graphs above, notice which factor significantly affects the period of the 
pendulum and examine the corresponding graph. If the best fit of each graph is flat, there 
is no dependency on of the period upon the factor. If the best fit is a straight sloped line, 
the period is directly proportional to that factor. And lastly, if the best fit is a curve, the 
relationship between the period and the factor is other than a direct proportion.  

 5. If any of the graphs show that the factor significantly affects the period of the pendulum 
but the relationship is non-linear, plot the following on graph paper: T vs. 1/(the factor), 
T vs. (the factor)2, T vs. √(the factor). Create a data table for each of the additional 
graphs. The mathematical relationship between the period and the factor that affects the 
period can be determined if a straight line plot is obtained for any of these graphs. 

 
Conclusion: 
 The purpose of this lab was to investigate whether the period of a pendulum varies with 
mass, amplitude, and/or length. It was hypothesized that the period of a pendulum would not be 
affected by the pendulum’s mass, but would be directly proportional to the amplitude and length 
between the pivot point and pendulum bob’s center of mass. This hypothesis was not supported 
because, although the period of the pendulum was found to be unaffected by the pendulum’s mass 
and to be directly proportional to the length, the pendulum was not affected by its amplitude. 
When a graph of mass vs. period and amplitude vs. period was created, both had a best fit 
horizontal line. Thus, neither mass nor amplitude had any effect on the pendulum’s period since it 
remained about the same during those trials. The length vs. period graph, on the other hand, 
yielded a curve, meaning that the relationship between the period and the factor had to be 
something regarding length other than a direct proportion. After graphing a 1/ℓ, √ℓ, and ℓ2 graphs, 
the ℓ2 graph finally produced a straight sloped line. That line indicated that the period was 
directly proportional to ℓ2. One source of experimental error could have arisen during the lab due 
to inconsistencies between each trial. Every time that a hooked mass was released by hand, it was 
undoubtedly released somewhat differently than the time before. The speed it was released at may 
have caused an increase or decrease in the time measured, the period calculated, and the points 
graphed.  
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Position 1 

Position 2 

Δx 

Name: Connor Humiston 
Lab Partners: Jack Morrow, Makala 

Smith, Chris Nearing, Delaney 
Boyle 

Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #12- The Speed of Sound in Air 

 
Purpose/Problem: To determine the speed of sound in air. 
 
Hypothesis: Since v = 331m/s + 0.6Tc and the temperature while collecting data was 5°C, the 
speed of sound will be found to be 334m/s. 
 
Materials: stopwatch 
 
Experimental Design & Procedure: 
 
 
 
 
 
 
 

1. Begin by finding a wide-open space without any barriers that might reflect sound, such as 
a football field. 

2. One partner will be in charge of the stopwatch, another will be clapping, and the others 
will be listening and communicating. The partner in charge of the stopwatch along with 
the listener and a communicator will be located on one side of the selected space, as 
depicted by Position 1 in the diagram above. The clapping partner and other 
communicator will be on the other side of the space at Position 2. The two groups will 
remain at these positions throughout the lab. 

3. Next, figure out the distance between the two groups and record this distance in the data 
table below. 

4. The clapping partner will then start clapping.  
5. The listener and communicator’s job at Position 1 will now be to tell the other 

communicator to slow down or speed up the time between claps. The goal is to 
synchronize the claps so that the group at Position 1 hears the previous clap at the same 
time as their partner’s hands touch for the next clap. This way, the time between hearing 
a clap is the same as the time it takes for one clap to travel across the field and be heard 
by the listener. 

6. Once the claps are coordinated in this way, start the stopwatch at a clap and then stop the 
stopwatch 10 claps later.  

7. Divide this time by 10 to find the time it took for one clap sound to travel across the open 
space. Enter this time into the data table below. 

8. Repeat Steps #6 and #7 seven more times for a total of eight trials, making sure that the 
clap sounds are in sync with the next clap. 

 
Observations & Data: 
Temperature while collecting data: 5°C 
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Trial Distance (m) Amount of Time per Clap (s) 
1 109.7 0.354 

2 109.7 0.367 

3 109.7 0.383 

4 109.7 0.345 

5 109.7 0.307 

6 109.7 0.340 

7 109.7 0.333 

8 109.7 0.327 

 
Analysis: 

1. Calculate the velocity for each trial. 
Trial 1: v = Δx/Δt 

      = 109.7m/0.354s 
      = 3.10×102 m/s 
  Trial 2: v = Δx/Δt 
      = 109.7m/0.367s 

     = 299 m/s 
Trial 3: v = Δx/Δt 

      = 109.7m/0.383s 
      = 287 m/s 

Trial 4: v = Δx/Δt 
   = 109.7m/0.345s 

     = 318 m/s 
Trial 5: v = Δx/Δt 

   = 109.7m/0.307s 
     = 357 m/s 

Trial 6: v = Δx/Δt 
   = 109.7m/0.340s 

     = 323 m/s 
Trial 7: v = Δx/Δt 

   = 109.7m/0.333s 
     = 3.30×102 m/s 

Trial 8: v = Δx/Δt 
   = 109.7m/0.327s 

      = 336 m/s 
 

2. Calculate the average velocity for the trials and compare it to the accepted value using a 
percent difference calculation. 
Average = (3.10×102m/s + 299m/s + 287m/s + 318m/s + 357m/s + 323m/s + 3.30×102m/s + 336m/s)/8 
               = 3.20×102m/s 

 
% Difference = |vcalculated - vaccepted| × 100% 

            vaccepted 
            = |3.20×102m/s – 334m/s| × 100% 
                334m/s 
            = 4.19% 
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Conclusion: 
 The purpose of this lab was to determine the speed of sound in air. It was hypothesized 
that the speed of sound would be 334 m/s since vsound = 331m/s + 0.6TC, and it was 5°C while 
collecting data. This hypothesis was supported because the calculated average velocity for the 
eight trials was 3.20×102 m/s, which was only 4.19% different from the hypothesized value of 
334 m/s, meaning that the values were essentially the same. That 4.19% difference most likely 
arose from experimental error, such as the inevitable human response time. For example, after the 
claps were coordinated, starting and stopping the stopwatch probably occurred somewhat late due 
to the time necessary to respond to the sound being heard and the time used to actually start the 
stopwatch. That extra time would have increased the amount of time calculated per clap, and 
subsequently decreased the velocity calculated since time was in the denominator. Therefore, a 
smaller velocity would have resulted. 
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Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Physics Lab #13- Convex & Concave Lenses 

 
Purpose/Problem: To investigate image characteristics produced by convex and concave 
lenses. 
 
Materials: convex lens, concave lens, card screen, meter stick, holders, ruler, battery, 
switch, connecting wires, light bulb. 
 
Experimental Design & Procedure: 
Part A: 

1. Obtain a meter stick, card screen, convex lens, and holder for both the lens and 
the card screen. Set up this equipment using the diagram below and point the 
meter stick at a far-away source of light that can create an image on the card 
screen, such as a sunlit window. To determine the focal length of the convex lens, 
adjust the card screen’s distance from the lens until the image on the screen comes 
into focus. This distance from the lens to the card screen when the image is in 
focus is equal to the focal length because when the object distance is far away, the 
1/do term in the lens equation, 1

𝑓𝑓
= 1

𝑑𝑑𝑑𝑑
+ 1

𝑑𝑑𝑑𝑑
, reaches zero. After finding the focal 

length, f, record it in Table A. 
 
 
 
 
 

 
 2.  Compute the distance 2f and record this value in Table A. 
 3.  The "height" of the object in this lab, ho, is the diameter of the roughly spherical 

light bulb. Measure this diameter and record it in Table A. 
 
Part B: 

1. Place the light bulb at a distance greater than 2f from the lens along the meter 
stick. Record this distance as do in Table B. Move the card screen back and forth 
along the meter stick on the other side of the lens until a sharp image of the bulb 
appears on the screen. Determine the image distance, di, by measuring from the 
center of the lens to the screen. Also measure the height of the image, hi, at this 
location with the ruler. Record these values as well as the image type and 
orientation in Table B. 

 
 

f 

Meter Stick 
Light from Source 

Card Screen Convex Lens 
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 2.  Repeat Step #1 four more times using object distances that locate the bulb at 2f, 
between 2f and f, at f, and between f and the center of the lens. Note: If at some 
point it is not possible to obtain a real image, try to look back into the lens to 
observe a virtual image. Virtual images are impossible to measure; however  

  di can be expressed as simply >do or <do and hi as >ho or <ho. 
Part C: 
 1.  Obtain a concave lens mirror and hold it 10 cm from the white board using a ruler 

or meter stick for reference. Allow light from the classroom overhead projector to 
shine through the lens. The light that makes it to the board will appear as a larger, 
brighter "halo" circle of light surrounding dark circle. Carefully measure the 
outside diameter of the "halo" at this distance of the lens from the white board. 
Record this diameter in Table C. 

 2.  Repeat Step #1 four more times using distances of the lens from the white board 
of 15 cm, 20 cm, 25 cm, and 30 cm. 

 
Observations & Data: 
Table A 
Focal length of convex lens, f 14.72 cm 
Calculated distance, 2f 29.43 cm 
Object height (diameter of light bulb), ho 1.52 cm 

 
Table B 

 Bulb 
Beyond 2f 

Bulb 
At 2f 

Bulb  
Between 2f and f 

Bulb 
At f 

Bulb Between f 
& center of lens 

do (cm) 40.01 29.43 20.04 14.72 7.36 
di (cm) 23.12 28.27 51.21 N/A < do 
hi (cm) 0.87 1.49 3.67 N/A > ho 
Image 
type 

real real real no image virtual 

Image 
orientation 

inverted inverted inverted N/A upright 

 
Table C 

Trial Distance to white 
board from lens 

Diameter of "halo" 
image on white board 

1 10 cm 7.46 cm 
2 15 cm 8.75 cm 
3 20 cm 10.30 cm 
4 25 cm 11.69 cm 
5 30 cm 12.87 cm 

 
Analysis: 
 1.  Use the observations from Table B to summarize the characteristics of images 

formed by convex lenses in each of the following situations: 
  (a)  The object is located beyond 2f. 
    Real, inverted, reduced 
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  (b)  The object is located at 2f. 
    Real, inverted, same size 
  (c)  The object is located between 2f and the focal point. 
    Real, inverted, enlarged 
  (d) The object is located at the focal point. 
    No image 
  (e) The object is located between the focal point and the lens. 
    Virtual, upright, enlarged 
 

2. For each of the REAL images that were observed, use the values of do and di in 
the lens equation to calculate the focal point, f. Average the calculated values of f 
and compare these with the measured value of f in Table A.  

  (a) The object is located beyond 2f. 
    1

𝑓𝑓
= 1

𝑑𝑑𝑑𝑑
+ 1

𝑑𝑑𝑑𝑑
  

    fbeyond = (do
-1 + di

-1)-1 = [(40.01cm)-1 + (23.12cm)-1)]-1 = 14.65cm 
  (b)  The object is located at 2f.  
    1

𝑓𝑓
= 1

𝑑𝑑𝑑𝑑
+ 1

𝑑𝑑𝑑𝑑
  

    f2f = (do
-1 + di

-1)-1 = [(29.43cm)-1 + (28.27cm)-1)]-1 = 14.42cm 
  (c)  The object is located between 2f and the focal point.  
    1

𝑓𝑓
= 1

𝑑𝑑𝑑𝑑
+ 1

𝑑𝑑𝑑𝑑
  

    fbetween = (do
-1 + di

-1)-1 = [(20.04cm)-1 + (51.21cm)-1)]-1 = 14.40cm 
 
  favg = (fbeyond + f2f + fbetween)/3 = (14.65cm + 14.42cm + 14.65cm)/3 = 14.49cm 
 

% Difference = |f - favg | × 100% 
      favg 
           = |14.72cm – 14.49cm| × 100% 
            14.49cm 

             = 1.6%   
   

3. Using the values from Table C, Plot a graph of the "halo" image diameter versus 
the distance from the lens. Allow room along the horizontal axis for negative 
distances. Extrapolate the best-fit line for the data to the left of the vertical axis 
until it hits the horizontal axis. Because the light rays diverging from the concave 
lens appear to be originating at the focal point on the overhead projector side of 
the lens, the place where the best fit line intersects the horizontal axis is the where 
theoretical size of the halo is zero and is therefore the focal point. What is the 
value of the focal point obtained from the graph?  
 The focal point value obtained was about -17.1cm. 

 
Conclusion: 
 The purpose of this lab was to investigate image characteristics produced by 
convex and concave lenses. It was primarily discovered that the characteristics of images 
formed by convex lenses vary depending on the object’s distance from twice the focal 
length. More specifically, when the object is located a distance outside of the focal 
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distance, the real image enlarges as the object gets closer to the focal point until the focal 
point is reached, at which there is no image. Furthermore, if the object is located at a 
distance less than the focal distance, an enlarged, virtual image is created. While finding 
these observations in Part B of the procedure, the focal length remained consistent with 
the focal length that was found in Part A, with only a 1.6% difference between the two. 
This makes sense because the same lens was used during both parts of the procedure. The 
focal lengths of concave lenses can be found in a similar manner. Although concave 
lenses create virtual images which are very difficult to measure a distance from, the focal 
length can still be arrived at by graphing how the distance of a concave lens from a 
surface changes with the diameter of light that is projected on that surface. The distance 
of -17.1 cm arrived at in lab was a negative number because the image was virtual and 
created by a concave lens. One source of experimental error could have arisen from 
aberrations in the lenses. Smudges and defects in each of the lenses most likely resulted 
in somewhat blurry images, making it difficult to tell if an image is in focus or not. If an 
image were out of focus, the measured image distance while using convex lenses may 
have been decreased, leading to a smaller average focal length, and a larger percent 
difference. Lens aberrations may have also affected the concave part of the lab by 
blurring the “halo”, making it more difficult to measure its diameter, and resulting in an 
incorrect focal length after graphing. 
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Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #14- Spherical Mirrors 

 
Purpose/Problem: To investigate image characteristics produced by spherical mirrors. 
 
Materials: concave mirror, convex mirror, card "screen", meter stick, ruler, battery, 
switch, connecting wires, light bulb. 
 
Experimental Design & Procedure: 
Part A: 

1. Obtain a meter stick, card screen, concave mirror, and holder for both the mirror 
and the card screen. Set up this equipment using the diagram below and point the 
meter stick at a far-away source of light that can create an image on the card 
screen, such as a sunlit window. To determine the focal length of the concave 
mirror, adjust card screen’s distance from the mirror until the image on the screen 
comes into focus. This distance from the mirror to the card screen when the image 
is in focus is equal to the focal length because when the object distance is far 
away, the 1/do term in the mirror equation, 1

𝑓𝑓
= 1

𝑑𝑑𝑑𝑑
+ 1

𝑑𝑑𝑑𝑑
, reaches zero. After 

finding the focal length, f, record it in Table A. 
 
 
 
 
 

 
 2.  The distance R to the center of curvature C is twice the focal length. Record this 

value in Table A. 
 3.  The "height" of the object in this lab, ho, is the diameter of the roughly spherical 

light bulb. Measure this diameter and record it in Table A. 
 
Part B: 
 1.  Place the light bulb at a distance greater than R from the concave mirror along the 

meter stick. Move the card screen back and forth along the meter stick until a 
sharp image of the bulb appears on the screen. Determine the image distance, di, 
by measuring from the mirror's vertex to the screen. Also measure the height of 
the image, hi, at this location with the ruler. Record these values as well as the 
image type and orientation in Table B. 

 2.  Repeat Step #1 four more times using object distances that locate the bulb at C, 
between C and f, at f, and between f and the vertex. Note: If at some point it is not 
possible to obtain a real image, try to look back into the mirror to observe a 

f 

Meter Stick 

Card Screen Concave Mirror 
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virtual image. Virtual images are impossible to measure; however, di can be 
expressed as simply >do or <do and hi as >ho or <ho. 

 
Part C: 
 1.  Obtain a convex mirror and place it on the meter stick 10 cm from the bulb. Try to 

obtain an image on the card screen. If a real image cannot be obtained, try to 
observe an image in the mirror. Record observations in Table C.  Remember, 
virtual images are impossible to measure; however di can be expressed as simply 
>do or <do and hi as >ho or <ho. 

 2.  Repeat Step #1 twice more using an object distance of 30 cm and then 50 cm. 
 
Observations & Data: 
Table A 
Focal length of concave mirror, f 15.97 cm 
Distance R to center of curvature C 31.94 cm 
Object height (diameter of light bulb), ho 1.67 cm 

 
Table B 

 Bulb 
Beyond C 

Bulb 
At C 

Bulb 
Between C and f 

Bulb 
At f 

Bulb Between f 
and the vertex 

do (cm) 40.00 31.94 20.00 15.97 10.00 
di (cm) 24.64 31.21 68.77 < do < do 

hi (cm) 1.56 1.69 4.85 > ho > ho 
Image 
type 

real real real virtual virtual 

Image 
orientation 

inverted inverted inverted upright upright 

 
Table C 

Trial do di (>do or <do) hi (>ho or <ho) Image Type Image 
Orientation 

1 10 cm < do < ho virtual upright 
2 30 cm < do < ho virtual upright 
3 50 cm < do < ho virtual upright 

 
Analysis: 
 1.  Use the observations from Table B to summarize the characteristics of images 

formed by concave mirrors in each of the following: 
  (a)  The object is located beyond the center of curvature. 
    Real, inverted, reduced 
  (b)  The object is located at the center of curvature. 
    Real, inverted, same size 
  (c)  The object is located between the center of curvature and the focal point. 
    Real, inverted, enlarged 
  (d) The object is located at the focal point. 
    Virtual, upright, enlarged 
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  (e) The object is located between the focal point and the mirror. 
    Virtual, upright, enlarged 

2. Use the observations from Table C to summarize the characteristics of images 
formed by convex mirrors.  

Images formed by convex mirrors are virtual, upright, and reduced. In 
addition, as the distance of the object increases, the size of the virtual 
image decreases. 

3. For each of the REAL images that were observed, use the values of do and di in 
the mirror equation to calculate the focal point, f. Average the calculated values of 
f and compare these with the measured value of f in Table A.  
(a) The object is located beyond C. 

 1
𝑓𝑓

= 1
𝑑𝑑𝑑𝑑

+ 1
𝑑𝑑𝑑𝑑

  
 fbeyondC = (do

-1 + di
-1)-1 = [(40.00cm)-1 + (24.64cm)-1)]1 = 15.25cm 

       (b)  The object is located at C.  
 1

𝑓𝑓
= 1

𝑑𝑑𝑑𝑑
+ 1

𝑑𝑑𝑑𝑑
  

 fC = (do
-1 + di

-1)-1 = [(31.94cm)-1 + (31.21cm)-1)]-1 = 15.79cm 
       (c)  The object is located between C and f.  

 1
𝑓𝑓

= 1
𝑑𝑑𝑑𝑑

+ 1
𝑑𝑑𝑑𝑑

  
 fbetween = (do

-1 + di
-1)-1 = [(20.00cm)-1 + (68.77cm)-1)]-1 = 15.49cm 

 
       favg = (fbeyondC + fC + fbetween)/3 = (15.25cm + 15.79cm + 15.49cm)/3 = 15.51cm 

 
% Difference = |f - favg | × 100% 

     favg 
   = |15.97cm – 15.51cm| × 100% 

           15.51cm 
          = 3.0% 

 
Conclusion:  
 The purpose of this lab was to investigate image characteristics produced by 
spherical mirrors. It was primarily discovered that the characteristics of images formed 
by concave mirrors vary depending on the object’s distance from the radius, R, to the 
center of the curvature, C. Similar to the way convex lenses function, when the object is 
located at a distance outside of a concave mirror’s focal length, the real image enlarges as 
the object gets closer to the focal point until the focal point is reached. When the object is 
located at a distance the same as or less than a concave mirror’s focal distance, the image 
produced is virtual and enlarged, just like with convex lenses. Convex mirrors, on the 
other hand, create virtual, upright images, and are analogous to concave lenses. 
Furthermore, as the distance of an object to a convex mirror increases, the image’s size 
decreases and the distance of the image appears smaller. While finding these 
observations, the average focal length of the concave mirror was found to be 15.51 cm, 
which displayed only a 3.0% difference from the focal length arrived at in Part A of the 
procedure. This makes sense because the same mirror was used during both parts of the 
procedure, and focal lengths do not change. One source of experimental error could have 
arisen from aberrations in the mirrors. Smudges and defects in each of the mirrors most 
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likely resulted in somewhat blurred images, making it difficult to tell if an image was in 
focus or not. If an image were out of focus, the image distance may have measured to be 
smaller than is really was, leading to a decreased average focal length, and a larger 
percent difference. 

45

Con
nor

 Humisto
n



Electroscope 

Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #15- Static Electricity 

 
Purpose: To investigate various electrostatic phenomena. 
 
Background/Discussion: As taught in chemistry, different materials have different 
"affinities" for electrons. For example, when a wool pad is rubbed against a black vinyl 
strip, electrons are quite literally scraped from the wool onto the strip because the strip 
has a greater affinity, or attraction, for electrons. This causes the black strip to be charged 
negatively because it has a surplus of electrons. The opposite occurs when a cotton cloth 
is rubbed against a clear acrylic strip; the cloth has a greater affinity for electrons than the 
clear strip causing the clear strip to be charged positively because it now has a deficit of 
electrons.  
 
Materials: Black vinyl strip, wool cloth, clear acetate strip, white cotton cloth, pith ball 
& string, aluminum coated pith ball & string, aluminum rod, ring stand & pendulum 
clamp, vane electroscope. 
 
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. 

  

Figure 1 Figure 2 Figure 3 

46

Con
nor

 Humisto
n



 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. Set up the electroscope by first carefully removing the glass panel. Then, balance 
the metal vane on the center of the metal holder inside the electroscope, making 
sure that it can move freely back and forth. Replace the glass panel. To charge the 
electroscope by conduction, rub the black strip with the wool pad. Once the strip 
has been sufficiently charged, touch it to the metal ball on top of the electroscope. 
Determine the charge left on the electroscope by moving the black charged strip 
and then the clear charged strip close to the electroscope ball. Note whether the 
vane tilts even more or partially un-tilts. Then do the same thing with the clear 
charged strip. 

 5. Discharge/ground the electroscope from Step #4. Set up the electroscope again 
and charge it by induction by placing a finger on the ball and moving the black 
strip closer to the ball. Release the finger and black strip at the same time and 
record any observations below. Then determine the charge left on the electroscope 
by bringing the black charged strip and then the clear charged strip close to the 
ball of the electroscope and noting whether the vane tilts even more or partially 
un-tilts. 

 6. Experiment with the aluminum rod to determine how it affects any of the 
phenomena that have previously been observed in the lab and record any 
observations. Design an experiment with the aluminum rod that causes some 
electrostatic effect, and record what procedure was followed along with any 
observations below.  

 7. After charging both the vinyl and acetate strips, move both strips closer to each 
other without allowing them to touch. Record observations below. Then, allow the 
two strips to touch, and record observations. 

 
Observations & Data:  

1. 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 normal, green painted pith ball had 
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 green 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 green strip remained attracted as 
earlier. 

4. The vane tilted about 30° after the charged vinyl strip touched the electroscope. 
When the vinyl strip got closer to the electroscope ball after being charged, the 
vane tilted more. When the acetate strip got close to the electroscope, the vane un-
tilted. 
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Charging the electroscope with the acetate strip also resulted in the vane tilting 
about 30°. However, when testing the charge with the acetate strip, the vane tilted 
more. Testing with the vinyl strip led the vane to un-tilt. 

5. After the electroscope was charged with the vinyl strip by induction, the vane 
titled about 50°. When testing the charge with the vinyl strip, the vane un-tilted. 
Testing with the acetate strip led the vane to tilt more.  
Charging the electroscope with the acetate strip also resulted in the vane tilting 
about 50°. However, when testing the charge with the acetate strip, the vane un-
tilted. Testing with the vinyl strip led the vane to tilt more. 

6. The aluminum rod was used to ground the pith balls when a charged strip was 
nearby. As in the first three steps, both pith balls were attracted to a charged vinyl 
and acetate strip until the strip touched them in which the aluminum pith ball was 
repelled and the green pith ball was attracted. But when the aluminum rod 
touched the aluminum pith ball, the ball was attracted to the strips again. The 
green pith ball was always attracted to the strips. 

7. After charging the two strips and bringing them near each other, the two strips 
moved toward each other, indicating an attraction. After they touched each other, 
there was no longer an attraction between the two strips. 

 
Analysis:  

1. Both the aluminum and green 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 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 which created a negative charge. The 
negatively charged aluminum pith ball therefore repelled the negatively charged 
strip. The green 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 atoms were polarized again. This time, since the acetate 
strip carried a positive charge, 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 electron. The aluminum pith ball therefore repelled the 
acetate strip since the two objects carried the same charge. The green pith ball 
remained attracted because no electron transfer occurred. 

4. When the negatively charged vinyl strip got close to the electroscope ball, most 
free-floating electrons in the ball moved downward and into the vane. This caused 
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the vane to tilt due to the positioning of metal. The vein titled in a way as to be 
farthest away from any other negative charges in the surrounding electroscope 
metal. This migration of electrons led to an electron deficit in the metal ball. 
However, when the ball was touched by the negatively charged vinyl strip, 
electrons rushed into the ball to neutralize it. But, the free-floating electrons that 
migrated into the vane remained in the vane so the vane remained tilted. The vane 
tilted more when the negatively charged vinyl strip got near the electroscope 
because the electrons in the electroscope ball migrated away from the similar 
charge and down into the vane. The vane un-tilted when the positively charged 
acetate strip approached because the free-floating electrons migrated up the metal 
in the electroscope toward the opposite charge resulting in a less negative vane 
and less repulsion to tilt it. The same situation occurred when charging the 
electroscope with the acetate strip, except that electrons were moving in opposite 
directions. 

5. When the electroscope was charged by induction, electrons could leave the 
electroscope through one’s finger and enter the earth. Therefore, when the 
negatively charged vinyl strip approached the metal ball on top of the 
electroscope, a positive charge was left over as free-floating electrons migrated 
downward into the vane and into the ground. As the vinyl strip and finger were 
taken away at the same time, the system had a positive charge due to the lack of 
electrons in the electroscope ball that had been grounded. Thus, when the 
negatively charged vinyl strip approached the electroscope, electrons moved 
downward into the vane, the vane tilted more. When the positively charged 
acetate strip approached the electroscope, free-floating electrons migrated away 
from the vane and caused it to un-tilt. The same situation occurred when charging 
the electroscope with the acetate strip, besides the fact that electrons were moving 
in opposite directions. 

6. The aluminum rod that touched the pith balls in part 6 allowed any electrons to 
leave the system and enter the ground. Therefore, the aluminum pith ball became 
neutral when touched by the rod, and was attracted to the strip like it was in parts 
1-3.  

7. The vinyl and acetate strips attracted each other due to their opposite charges. 
When the two strips touched, the electrons from the negatively charged vinyl strip 
were transferred to the positive acetate strip, resulting in two neutral strips that 
had no attraction.  

 
Conclusion: 
  The purpose of this lab was to investigate various electrostatic phenomena. It was 
found that rubbing objects together can result in charges depending on which direction 
electrons are transferred. It was also discovered that neutral objects can display an 
attraction to charged objects due to the polarization that occurs in atoms. Positive and 
negatively charged objects both act in a similar manner when polarizing atoms on neutral 
objects with the only difference being where the electron cloud lies. Furthermore, it was 
found that objects can repel one another after a transfer of electrons occurs that results in 
opposite charges, as seen when the charged strips touched the pith balls. Moreover, free-
floating electrons in metals can be affected by nearby electric fields. Electrons migrate 
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away from negative fields, and toward positive ones. When objects are grounded, 
electrons can leave the system with a positive charge.  
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Open 
Switch 

Digital 
Multi-Meter 

Resistor 

Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Physics Lab #16- Circuits 

 
Purpose: To investigate Ohm's Law, series circuits, and parallel circuits. 
 
Materials: Digital multi-meter, 6V battery, knife switch, three insulated connecting 
wires with alligator clips, three different resistors. 
 
Experimental Design & Procedure: 
Part I- Ohm's Law 
 
 
 
 
 
 
 
 
 
 
 

1. Record the printed values of the resistors as R1, R2, & R3 in Table 1 as well as the 
tolerance printed on each resistor. 

2. When checking the voltage drop across any part of the circuit, the digital multi-
meter will be in parallel with the resistor, as modeled by Figure 1. When checking 
the current in any part of the circuit, the multi-meter will be in series with the 
resistor, as modeled by Figure 2.  

3. Create a circuit with the battery, the knife switch, the connecting wires, and the 
resistor with the smallest printed value of the three. This resistor will be known as 
R1. Leave the switch open when the circuit is not being tested so the resistor does 
not overheat.  

4. To determine the voltage drop across any part of the circuit, three things will need 
to be adjusted on the digital multi-meter: the plugs, probes, and dial. Plug the 
black plug into the black input port labeled “COM”. When testing the voltage, 
plug the red plug into the red “Ω V” port on the far left of the multi-meter. As 
modeled by Figure 1, attach the black probe to one side of the resistor and the red 
probe to the other side. Lastly, turn the dial to 9V. After everything is set up, close 
the switch and record the voltage drop in Table 1. Repeat for Trial #2. 

5. To determine the current in any part of the circuit, the plugs, the probes, and the 
dial must be adjusted again. Leave the black plug in the black input port, but plug 
the red plug into the red “10A” port on the far right of the multi-meter. As 

Figure 1 

 

Figure 2 

 

Battery 

51

Con
nor

 Humisto
n



modeled by Figure 2, leave the black probe on one side of the resistor, but attach 
the red probe to the battery wire. Lastly, change the dial to “10A”. After 
everything is set up, close the switch and record the current value in Table 1. 
Repeat for Trial #2. 

6. Repeat Steps #2 and #3 twice more using the middle-sized resistor and the largest 
value resistor. 

 
Part II- Series Circuits 
 1. Record the printed values of the resistors as R1, R2, & R3 in Table 2. 
 2.  Create a circuit with the battery, the knife switch, the connecting wires, and the 

three resistors in series. Do not twist the wire leads of the resistors together; they 
can be pressed and held together by hand. 

 3. With the three resistors in series, connect the multi-meter to the circuit to check 
the voltage drop across each of the resistors and the voltage drop across the whole 
circuit. Close the switch and record these voltage drops in Table 2. Repeat for 
Trial #2. 

 4. With the three resistors still in series, connect the multi-meter to the circuit to 
check the current through each of the resistors and the current in the whole circuit. 
Close the switch and record these current readings in Table 2. Repeat for  

  Trial #2. 
 
Part III- Parallel Circuits 
 1. Record the printed values of the resistors as R1, R2, & R3 in Table 3. 
 2.  Create a circuit with the battery, the knife switch, the connecting wires, and the 

three resistors in parallel. Do not twist the wire leads of the resistors together; 
they can be pressed and held together by hand or by the alligator clips of the wire 
connectors. 

 3. With the three resistors in parallel, connect the multi-meter to the circuit to check 
the voltage drop across each of the resistors and the voltage drop across the whole 
circuit. Close the switch and record these voltage drops in Table 3. Repeat for 
Trial #2. 

 4. With the three resistors still in parallel, connect the multi-meter to the circuit to 
check the current through each of the resistors and the current in the whole circuit. 
Close the switch and record these current readings in Table 3. Repeat for  

  Trial #2. 
 
Observations & Data:  
Table 1 (Part I) 
Resistor Printed value 

of resistor (Ω) 
Printed tolerance 

(± %) 
Voltage 

(V) 
Current 

(A) 
R1- Trial 1 9.75 1 4.61 0.45 
R1- Trial 2 9.75 1 4.59 0.45 
R1- Average 9.75 1 4.60 0.45 
R2- Trial 1 20.0 1 4.98 0.25 
R2- Trial 2 20.0 1 4.99 0.24 
R2- Average 20.0 1 4.99 0.25 
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R3- Trial 1 36.5 1 4.27 0.14 
R3- Trial 2 36.5 1 4.26 0.14 
R3- Average 36.5 1 4.27 0.14 

 
Table 2 (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 9.75 20.0 36.5 0.08 0.08 0.08 0.08 0.79 1.62 2.94 5.45 
2 9.75 20.0 36.5 0.08 0.08 0.08 0.08 0.79 1.62 2.92 5.43 

Ave. 9.75 20.0 36.5 0.08 0.08 0.08 0.08 0.79 1.62 2.93 5.44 
 
Table 3 (Part III) 
Trial R1 

(Ω) 
R2 
(Ω) 

R3 
(Ω) 

I0 
(A) 

I1 
(A) 

I2 
(A) 

I3 
(A) 

V1 
(V) 

V2 
(V) 

V3 
(V) 

V0 
(V) 

1 9.75 20.0 36.5 0.77 0.45 0.22 0.12 4.44 4.40 4.40 4.46 
2 9.75 20.0 36.5 0.75 0.44 0.22 0.12 4.42 4.41 4.38 4.44 

Ave. 9.75 20.0 36.5 0.76 0.45 0.22 0.12 4.43 4.41 4.39 4.45 
 
Analysis:  
 1.  Use the average values from Table 1 to determine the following:  
  (a)  Determine the resistance of each of the resistors using Ohm's Law.  
    ΔV = IR 
    R1 = ΔV1/I1 = 4.60V/0.45A = 1.0×101Ω 
    R2 = ΔV2/I2 = 4.99V/0.25A = 2.0×101Ω 
    R3 = ΔV3/I3 = 5.27V/0.14A = 38Ω 
  (b) Compare the printed value of each of the resistors used to each of the average 

calculated values in (a) with a percent difference calculation.  
% Difference1 = |R1,calculated – R1,printed| × 100% 

               R1printed 
               = |1.0×101Ω – 9.75Ω| × 100% 
               9.75Ω 

                 = 2.6% 
% Difference2 = |R2,calculated – R2,printed| × 100% 

               R2printed 
               = |2.0×101Ω – 20.0Ω| × 100% 
               20.0Ω 

                 = 0.0% 
% Difference3 = |R3,calculated – R3,printed| × 100% 

               R3printed 
               = |38Ω – 36.5Ω| × 100% 
               36.5Ω 

                 = 4.1% 
  (c) Are the results in (b) within the printed tolerance range for each resistor? If  
   not, suggest a reason. 

  No, resistors 2 and 3 had percent differences larger that the printed 
tolerance. This may have been due to a loss of heat to the surroundings 
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that would have increased the voltage drop and therefore increased the 
calculated resistances.  

 
 2.  Use the average values from Table 2 to determine the following: 
      (a) Determine the equivalent resistance of the circuit using Ohm’s Law.  
    Rs = V0/I0 = 5.44V/0.08A = 7×101Ω 
      (b) Determine the equivalent resistance of the circuit using the printed   
   resistor values. 
    Rs = R1 + R2 + R3 = 9.75Ω + 20.0Ω + 36.5Ω = 66.3Ω 
      (c) Calculate the percent difference between the answers to (a) and (b) above 

treating (b) as the “more trusted” value. 
% Difference = |Rs,calculated – Rs,printed| × 100% 

               Rs,printed 
             = |7×101Ω – 66.3Ω| × 100% 
             66.3Ω 

               = 6% 
      (d) Compare the sum of the individual voltage drops V1 + V2 + V3 with the 

voltage drop across the entire circuit, V0.  
    Vsum = V1 + V2 + V3 = 0.79V + 1.62V + 2.93V = 5.34V 

% Difference = |Ventire – Vsum| × 100% 
              Vsum 
             = |5.34V – 5.44V| × 100% 
             5.44V 

               = 1.84% 
      (e) Examine each of the current values in the circuit and determine the 

significance of their relative magnitudes.  
    The current values were all found to be equal in the series circuit. 
 
 3.  Use the average values from Table 3 to determine the following: 
      (a) Determine the equivalent resistance of the circuit using Ohm’s Law. 
    Rp = V0/I0 = 4.45V/0.76A = 5.9Ω 
      (b) Determine the equivalent resistance of the circuit using the printed resistor  
   values. 
    Rp = [R1

-1 + R2
-1 + R3

-1]-1 = [(9.75Ω)-1 + (20.0Ω)-1 + (36.5Ω)-1]-1 = 5.56Ω 
      (c) Calculate the percent difference between the answers from (a) and (b) above 

treating (b) as the “more trusted” value. 
% Difference = |Rp,calculated – Rp,printed| × 100% 

               Rp,printed 
             = |5.9Ω – 5.56Ω| × 100% 
            5.56Ω 

               = 6.1% 
  (d) Compare the sum of the individual currents I1 + I2 + I3 with the entire circuit 

current, I0.  
    Isum = I1 + I2 + I3 = 0.45A + 0.22A + 0.12A = 0.79A 
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% Difference = |Ientire – Isum| × 100% 
              Isum 
             = |0.76V – 0.79A| × 100% 
             0.79A 

               = 3.8% 
      (e) Examine each of voltage drops across the circuit and determine the 

significance of their relative magnitudes.  
     The voltage drops are about the same across the circuit. 
 
Conclusion: 
  The purpose of this lab was to investigate Ohm's Law, series circuits, and parallel 
circuits. Some patterns regarding circuits were observed. For example, the current in any 
part of a series circuit will always be equal to the current in any other part of the circuit. 
The voltage drops across each resistor in a series circuit will always add up to be the 
voltage drop across the entire circuit. Furthermore, as resistance of a resistor increases in 
a series circuit, so does its voltage drop. Similarly, the voltage drop across any part of a 
parallel circuit will always be equal to the voltage drop across any other part of the 
circuit. The current in each resistor of a parallel circuit will always add up to be the 
current across the whole circuit. Moreover, as the resistance of a resistor increases in a 
parallel circuit, the amount of current in the resistor decreases. Experimental error could 
have arisen in this lab from the inevitable loss of heat from wires and connectors. This 
loss of energy as heat would result in a larger voltage drop since less energy would be 
making it through the digital multi-meter and to the battery. That voltage drop may have 
made the current or resistance appear larger than they were.  
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Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #17- Magnetism 

 
 
Purpose: To investigate the nature of permanent magnets and magnetic fields. 
 
Materials: 2 bar magnets, small magnetic compass, flask of iron filings, iron nail, 
lodestone, paper clip, sheet of paper. 
 
Experimental Design & Procedure: 
Part A- Determining Pole Types 
 1.  Hold the compass as far away as possible from the lab stations and the classroom 

white boards, since both have magnetic properties, and allow its needle to come to 
rest. When standing in the physics room looking out the windows, "the hill" is to 
the north. Verify which end of the compass points north. 

 2.  Use the compass to determine which pole of each of the bar magnets is the north 
pole and which is the south pole. Remember, that like electricity, opposites attract 
and likes repel. The magnets have a small white dot on each of them to help 
remember which pole is which. 

 3. Record observations and the determination of the pole types of each of the 
magnets in Part A of the Observations and Data section. 

 
Part B- Lodestone Properties  
 1.  A lodestone is basically a rock that has a high concentration of iron ore that has 

been sitting in the presence of the earth's magnetic field for a very long time. Put 
the paperclip next to, under, and on top of the lodestone. Note any attraction or 
repulsion. 

 2. Next, circle the lodestone with the compass. 
 3. Record observations in Part B of the Observations and Data section. 
 
Part C- Induced Magnetism 
 1.  Place the head of the iron nail against one of the poles of one of the bar magnets. 

Bring the free end of the nail close to the paper clips while it is attached to the 
magnet. 

 2. Bring the free end of the nail near the compass. Verify which type of pole the 
point of the nail has become as the head of the nail is attached to the magnet. 

 3. Record observations in Part C of the Observations and Data section. Include a 
sketch of the magnet, its labeled poles, the attached nail, and the resultant 
compass position. 
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Part D- Magnetic Field Lines 
 
 
 

Figure 1 
 

 
 
 

Figure 2 
 

 
 
 

Figure 3 
 
 1.  Magnetic field lines about a permanent magnet. 
  a. Place a bar magnet on the lab table under a piece of blank white paper. Gently  

 sprinkle iron filings from the flask over the paper. Tap the paper lightly and 
gently with a finger several times until the filings form a pattern. The iron 
filings will align themselves with the magnetic field of the bar magnet and 
reveal its shape. 

  b. Sketch the pattern as carefully and representatively as possible in Part D (1) of  
 the Observations and Data section starting with a sketch of a bar magnet as in  

Figure 1. 
  c. CAREFULLY pick up the paper and return the iron filings to the flask as it is    
   difficult to remove the filings from the magnets. 
 
 2. Magnetic field lines between the poles of two magnets. 

a. Place both of the bar magnets on the lab table with the north pole of one of the 
magnets only three or four centimeters from the north pole of the other 
magnet, as seen in Figure 2. Then put the piece of paper over the magnets. 
Gently sprinkle some iron filings on the paper and again lightly tap the paper 
so that the shape of the magnetic field between the two magnets is revealed. 

b. Sketch the pattern as carefully and representatively as possible in Part D (2) of  
the Observations and Data section. 

c. CAREFULLY pick up the paper and return the iron filings to the flask. 
d. Repeat Step (a) with the south pole of one magnet facing the north pole of the  

other magnet, as seen in Figure 3. 
e. Sketch the pattern as carefully and representatively as possible in Part D (2) of  

the Observations and Data section. 
f. CAREFULLY pick up the paper and return the iron filings to the flask. 
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3. Direction of Magnetic Field Lines. 
  a.  In Part D (3) of the Observations and Data section, trace one of the bar  

 magnets and label the north and south poles. Then place the magnet over its 
traced shape. While referring to the sketch made in Part 1 above, SLOWLY 
move the compass from one pole to the other along one of the magnetic field 
lines.  

  b. In Part D (3) of the Observations and Data section, draw small arrows  
 representing the direction of the north pointing needle of the compass at many 

locations along the field line. Move the compass to several other different 
locations around the magnet and similarly draw arrows to represent the 
direction of the magnetic field at each location. 

 
Observations & Data:  

Part A- Observations Regarding Pole Types 
 

1. When the compass was held far away from any magnetic objects, the silver end of 
the compass needle pointed in the northern direction, which is the south pole of 
Earth’s magnetic field. 

2. When using the bar magnets, the side with the white dot was attracted to the silver 
end of the compass needle. Thus, the white dot side of the magnet was the 
southern pole of the magnet.  

 
Part B- Observations Regarding Lodestone 

 
1. One end of the lodestone was weakly attracted to the paperclip. The other end of 

the lodestone did not attract the paperclip.  
2. When using the compass, one end of the lodestone rock attracted the silver side of 

the compass needle while the other end repelled the silver side of the compass 
needle.  

 
Part C- Observations Regarding Nail & Induced Magnetism 

 
1. The head of the iron nail that was attached to the south pole of the magnet was 

attracted to the silver end of the compass needle, just as the magnet would have 
done if the nail were not attached at all. When the iron head of the nail was 
attached to the north pole of the magnet, the opposite occurred.  

2. The paperclip was always attracted to the nail and magnet no matter what pole the 
nail was attached to.  
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Part D- Observations Regarding Magnetic Field Lines 
1.  Magnetic field lines about a permanent magnet 

 
 
 
 
 
 
 

2. Magnetic field lines between the poles of two magnets 
 North to North 
 
 
 
 
 
 
 South to North 
 
 
 
 
 
 
3. Direction of Magnetic Field Lines 

 
 
 
 
 

 
Analysis: 
Part A: 

1. The silver side of the compass needle pointed north because opposites attract. The 
compass needle is a magnet, so the silver side must have been the north pole of 
the needle magnet since its north pole would be attracted to the Earth’s south 
pole.  

2. The end of the bar magnet with a white dot must have been the southern pole of 
the magnet because it was attracted to the silver side of the compass needle, 
which was already established to be a north pole, and opposites attract. 
 

Part B: 
1. The lodestone attracted the paperclip, which had no magnetic field, on one side 

due to its own, natural magnetic field.  
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2. The silver end of the compass needle was attracted to only one side of the 
lodestone most likely because that was the rock’s southern pole and opposites 
attract.  
 

Part C: 
1. The nail was able to affect the compass needle’s position when attached to a 

magnet most likely because the magnet’s field aligned with the nail’s magnetic 
field. Evidence for the phenomena would be that the orientation of the compass 
needle was the same when the nail was attached as it would have been if the nail 
was not attached.  

2. The paperclip was always attracted to the nail and magnet most likely because the 
nail did not have a field of its own to interfere with the magnet and nail’s fields.  

 
Conclusion:  
  The purpose of this lab was to investigate the nature of permanent magnets and 
magnetic fields. It was found that, analogous to electric fields, opposite poles of magnetic 
fields attract and likes repel. It was also discovered that compasses utilize magnets and 
the Earth’s magnetic field to point in certain directions. The north pole of a compass 
needle will always point northward to the Earth’s south pole. Over time, rocks such as 
lodestone have aligned with the Earth’s magnetic field to create a field of their own. This 
property of field alignment can be observed when using nails. When a nail head is 
attached to the south pole of a magnet, and then removed, it will retain the properties of 
that magnet’s field. When using iron filings, it was observed that a magnet’s magnetic 
field extends radially outward from the center of the magnet. When two like poles are 
placed near each other, the magnetic field lines move away from the space in between the 
poles, creating a diamond shape similar to that of an electric field between like charges. 
The opposite occurs when opposite poles are near each other, where field lines connect 
the two poles. 
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Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #18- Electromagnetism 

 
Purpose:  
Part A: Predict and determine the direction of the magnetic field created by a straight 

current carrying wire. 
Part B: Predict and determine the direction of the magnetic field created about a current  
  carrying coil. 
Part C: Predict and determine the direction of the electromagnetic force on a current 
  carrying conductor. 
Part D: Induce a voltage across the ends of a coil with a magnet and predict and 

determine how the number of loops in the coil, the speed of the magnet's motion 
and the strength of the magnetic field affect the induced voltage. 

 
Materials: 6 V battery, digital multi-meter, two physics texts, ring stand, beaker, two bar 
magnets, magnetic compass, fine insulted wire, length of 12-gauge copper wire, and 
connecting wires with alligator clips, knife switch 
 
Experimental Design & Procedure Data: 
 
 
 
 
 
 
 
 
 
            

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.  

12-gauge 
copper wire 

Figure 1 

knife switch 
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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. 
 
 
 
 
 
 
 
 
 
 
 

 
 

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. 

 
 
 
 
 
 
 
 
 
 
 
 

Part C 
1. Create an electric “trapeze” as shown in Figure 3 above by connecting the piece of 

bare copper wire to the fine insulated wire and hanging it from the pendulum clamp 
clips. Then connect the fine insulated wire at the top of the ring stand to the alligator 
clips of the connecting wires and attach to the switch and battery. 

Figure 2 

beaker 

wire 
loops 

compass 

Figure 3 

magnet 

bare copper 
wire 
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2. Hold the two bar magnets such that one magnet is above the bare copper wire and one 
is below with opposite poles are facing each other. 

3. Predict which direction the wire will move when the circuit is closed. Then close the 
switch for no longer than two seconds and note which direction the wire moves. 
Record your observations. 
 
 
 
 
 
 
 
 
 

 
Part D 

1.  Set up the equipment as seen in Figure 4 by wrapping two of the connecting wires 
around the beaker to create a coil as in Part B. Then, connect the digital multi-meter 
leads to end of the coil and set the multimeter to the 200mV voltmeter position. The 
black multi-meter lead should be connected to the “COM” port while the red lead 
should be connected to the voltage port.  

2.  Plunge a bar magnet in and out of the coil noting how the speed of the movement 
affects the reading on the voltmeter. Record your observations. 

3. Hold both magnets together with like poles next to each other. Plunge the two 
magnets in and out of the coil noting how the strength of the field affects the induced 
voltage. 

4. Repeat the above changing the number of loops in the coil, noting the effect of this on 
the results. 

 
Observations, Data, Analysis, & Conclusions:  

Part A 
1. Predictions: The magnetic field will point clockwise around the wire because the 

current is flowing down.  
2. Sketch the compass locations that you used clearly indicating the direction of the 

current and the north pointing compass needle in each location. 
 
 
 
 
 
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. 

digital 
multi-meter 

Figure 4 

63

Con
nor

 Humisto
n



Part B 
1. Predictions: The magnetic field will point left since the current is moving 

downward when using the axis from the illustration below. 
2. Sketch a top view of the coil and 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. Sketch the shape of the magnetic field lines produced by a coil from a top-view. 
 
 

 
 
 
 

4. Specifically relate your findings to the right-hand rule. 
a. The thumb pointed downward in the direction of the current, and the 

fingers pointed left indicating the direction of the magnetic field when 
using the axis from the illustration above.  

 
Part C 

1. Predictions: The 12-gauge wire will move into the paper when the north pole of a 
magnet is on the top and a south pole of the magnet is on the bottom, and the 
current is traveling right.  

2. Sketch a diagram of the magnetic field, current direction in the wire, and motion 
of the wire. 
 
 
 
 
 
 

3. Specifically relate your findings to the right-hand rule. 
a. The fingers pointed downward in the direction of the magnetic field while 

the thumb pointed right in the direction of the current. That orientation 
would leave the palm pointed inward, meaning that the force would be 
inward so the 12-gauge wire would move inward in the diagram above. 

 
Part D 

1. Predictions: Increasing the number of loops, increasing the speed of the magnet, 
and increasing the magnetic field will result in a larger induced voltage.  
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2. How do the number of loops, the motion of the magnet, and the strength of the 
magnetic field each affect the induced voltage? 

a. Increasing the number of loops increased the voltage. Increasing the speed 
of the entering magnet increased the voltage. Increasing the magnetic field 
strength increased the voltage. 

3. Relate these findings specifically to Faraday's Law. 
a. These findings make sense because firstly, as Faraday’s Law states, 𝜀𝜀 =

𝑁𝑁∆Φ
∆𝑡𝑡

, so as the number of coils (N) increases, voltage also increases 
because 𝜀𝜀 = ∆𝑉𝑉 for the purposes of this lab. Secondly, as the magnetic 
field strength (B) increases, the voltage also increases because Φ = 
BAcosӨ and Φ and B are directly proportional to the voltage. Lastly, if the 
speed of the entering magnet is increased, the time required to travel the 
same distance decreases so the voltage increases.  
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Name: Connor Humiston 
Lab Partner: Alethia Daugherty 
Course: Physics 
Instructor: Coach McKellips 
Period: 2 

 
Lab #19- Radioactivity  

 
Purpose: To investigate properties of radioactive materials. 

Part A:  To compare the ability of alpha, beta, and gamma radioactive sources to 
penetrate and be shielded by different materials. 

Part B: To determine how the intensity of radiation varies with distance from a 
radioactive source. 

 
Hypotheses: 

Part A:  Gamma rays will be the most difficult to shield and will require lead for 
shielding. Plastic will be able to shield alpha particles, and aluminum 
will be able to shield beta particles.  

Part B: Radioactive intensity will be inversely proportional to distance.  
 
Background: A Geiger counter measures the number of radioactive emissions in one 
minute that are released straight up into the detector from a radioactive source. When a 
radioactive emission from the source passes into the detector, it ionizes a gas atom. As 
the resulting charged particle is accelerated toward an electrode in the detector, it collides 
with other gas atoms. The avalanche of charged particles creates a current pulse that 
causes a potential difference in the Geiger counter circuit that then advances the counter. 
Each radioactive emission from a given source is completely random and unpredictable; 
however, if a large amount of activity is monitored, patterns begin to emerge. 
 
Materials: Alpha Source (Po-210, T1/2=138 days), Beta Source (Sr-90, T1/2=28.6 years), 
Gamma Source (Co-60, T1/2=5.27 years), Geiger counter with holding trays, shielding 
material disks of graduated 1mm thicknesses made up of plastic, aluminum, or lead 
 
Experimental Design & Procedure: 
 Part A:  

1. With the radioactive sources far from the Geiger counter, take five one minute 
background radiation counts and average this number to be subtracted later 
from the source counts. 

2. Place the alpha source in the holding tray of the Geiger counter on the second 
shelf from the detector.  

3. Place the 1 mm thick plastic shielding disk in the holding tray on the top shelf 
of the Geiger counter, between the source and the detector. Take a one-minute 
count of the activity from the source as shielded from the detector by the 
plastic. Take four more one-minute counts. Average all five trials and subtract 
the background radiation from the average count and record this adjusted 
average in Table A. 
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4. Repeat Step 3 for the following shielding disks: 2 mm plastic, 3 mm plastic,  
4 mm plastic, 5 mm plastic, 1 mm aluminum, 2 mm aluminum,  
3 mm aluminum, 4 mm aluminum, 5 mm aluminum, 1 mm lead, 2 mm lead,  
3 mm lead, 4 mm lead, 5 mm lead. 

5. Repeat Steps 2-4 for the beta source and the gamma source. 
 

 Part B: 
1. With the radioactive sources far from the Geiger counter, take five one-minute 

background radiation counts and then average this number. Record this 
average background count above Table B in the space provided. 

2. Part B will be performed with a new gamma source. Place the source in the 
holding tray of the Geiger counter on the second shelf from the detector. Take 
a one-minute count at this distance with NO shielding materials between the 
source and the detector. Record this count in Table B. 

3. Repeat Step 2 two more times for two more trials. 
4. Average the three values from the three trials and record this average value in 

the “Average Unadjusted Activity” column. 
5. Subtract the average background radiation count from the average unadjusted 

activity value and record this value in the “Average Adjusted Activity” 
column. 

6. Repeat Steps 2 & 3 at distances equal to 3.0 cm through 10.0 cm. Record all 
data in Table B. 

 
Observations & Data: 
 

Table A 
Adjusted Average Activity (in counts per minute) 

 
      Plastic              Aluminum               Lead 

Thickness 
of 

Shielding 
Layer 
(mm) 

alpha 
 

beta gamma  alpha beta gamma  alpha beta gamma 

0 273 667 188  265 582 183  267 521 181 
1 9 654 197  5 407 161  0 4 145 
2 2 583 171  0 149 135  0 0 111 
3 0 557 152  0 18 139  0 0 119 
4 0 450 160  0 2 153  1 0 95 
5 0 369 183  1 0 125  0 0 68 
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Table B 

Activity v. Distance for New Gamma Source 
 

Average background radiation count = 36 counts/min 
Distance 

[x] 
(cm) 

Measured 
Activity 
Trial 1 

(counts/min) 

Measured 
Activity 
Trial 2 

(counts/min) 

Measured 
Activity 
Trial 3 

(counts/min) 

Average 
Unadjusted 

Activity 
[A] 

(counts/min) 

Average 
Adjusted 
Activity 

[A] 
(counts/min) 

[1/x] 
(cm-1) 

 

[1/x2] 
(cm-2) 

2.0 2736 2740 2741 2739 2703 0.50 0.25 
3.0 1223 1219 1215 1219 1183 0.33 0.11 
4.0 726 712 719 719 683 0.25 0.063 
5.0 474 477 468 473 437 0.20 0.040 
6.0 337 343 340 340 304 0.17 0.028 
7.0 236 256 267 253 217 0.14 0.020 
8.0 212 214 210 212 176 0.13 0.016 
9.0 174 170 169 171 135 0.11 0.012 
10.0 145 148 146 146 110 0.10 0.010 

 
Analysis:  

Part A:  
1. Based on the data from Part A, which of the radioactive substances was the 

most difficult to shield? 
a. Gamma rays were the most difficult to shield because gamma rays 

could penetrate all three substances, even at their greatest thicknesses.  
2. Which material shielded the radioactive substances best? 

a. The lead shielded the substances best because no significant counts 
were observed for alpha or beta particles, and most of the gamma rays 
were blocked.  

3. Which material was sufficient for each of the three radioactive sources? 
a. 3mm of plastic was sufficient to block alpha particles, because no 

alpha particle counts were observed after 2mm of thickness. 
b. 5mm of aluminum was sufficient to block alpha and beta particles. 
c. 5mm of lead was sufficient to block alpha and beta particles, along 

with most gamma rays.  
 

Part B:  
1. Graph the following on graph paper with a pencil so that the type of 

mathematical relationship presenting in the data can be determined: average 
adjusted activity v. distance, average adjusted activity v. 1/distance, and 
average adjusted activity v. 1/distance2. Be sure to include an appropriate best 
fit for each as well as circles around each data point that represent uncertainty. 

2. Graph the following using Microsoft Excel so that the type of mathematical 
relationship presented in the data can be determined: average adjusted activity 
v. distance, average adjusted activity v. 1/distance, and average adjusted 
activity v. 1/distance2. Be sure to include an appropriate best fit for each. 
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Distance (cm) Average Adjusted Value (counts/min) 
2.0 2703 
3.0 1183 
4.0 683 
5.0 437 
6.0 304 
7.0 217 
8.0 176 
9.0 135 
10.0 110 
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1/Distance (cm-1) Average Adjusted Value (counts/min) 
0.50 2703 
0.33 1183 
0.25 683 
0.20 437 
0.17 304 
0.14 217 
0.13 176 
0.11 135 
0.10 110 
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1/Distance2 Average Adjusted Activity (counts/min) 
0.25 2703 
0.11 1183 
0.063 683 
0.040 437 
0.028 304 
0.020 217 
0.016 176 
0.012 135 
0.010 110 
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Conclusion:  
 The purpose of this lab was to investigate properties of radioactive materials. It 
was hypothesized that gamma rays would be most difficult to shield and would require 
lead shielding while plastic would be able to shield alpha particles and aluminum would 
be able to shield beta particles. This hypothesis was supported because gamma rays could 
penetrate all three substances, even with a thickness of 5mm. Furthermore, plastic was 
sufficient to shield alpha particles and aluminum was sufficient to shield beta particles 
since no counts were observed after 3mm and 5mm thicknesses respectively. It was also 
hypothesized that radioactive intensity would be inversely proportional to distance. This 
hypothesis was somewhat supported because the graph of 1/distance2 vs. the average 
adjusted activity yielded a straight increasing line for its best fit curve. The graphs of 
distance vs. the average adjusted activity and 1/distance vs. the average adjusted activity 
both yielded curves that did not indicate a direct proportionality. One source of 
experimental error in this lab could have arisen from the inherent background radiation. 
However, that background radiation was subtracted from the average measured activity 
so that it would not affect results. Another source of error may have resulted from the fact 
that radioactive substances are always decaying. Half of the alpha source will have 
decayed in just 138 days, while half of the gamma and beta sources will have decayed in 
5.27 years and 28.6 years respectively. This unavoidable decaying nature of the 
radioactive substances may have decreased the intensity of their radioactivity and thus 
lowered the observed activity, especially when using the thicker shielding materials.  
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Connor Humiston 

McKellips 

Period 2 

16 February 2017 

Color Phenomenon 

1. What does a normally red rose look like under blue light? 

 

 

 

 

The colors that humans see are due to the reflection of light off an object and into 
one’s eye. In this situation, incoming blue light consists primarily of blue light, but the 
light may also contain some green and violet light that have similar wavelengths and 
frequencies. Red objects reflect red light, and absorb all other light. Thus, all of the blue 
light and its neighbors on the spectrum will be absorbed, and none reflected. Since no 
light is being reflected, the red rose will appear black as there is no light reaching the eye 
to see.  

2. How does one make a green dress black at a Halloween party?  

 

 

 

 

In order to make anything black, all light must be absorbed. Green objects reflect 
green light and absorb all other light. Thus, to make a green dress black, it can only be 
shined at with red light. Red light, which may also contain some orange light that has a 
similar wavelength and frequency, would be absorbed. Since no light would be reflected 
for the eye to see, the dress would appear black. Blue light cannot be used since blue light 
may contain some green wavelengths, which would be reflected and appear green.  

3. What color will the blue sky be under a yellow filter? 

 

 

 

 

 

Blue Light 

Red Rose 

Yellow Filter 

Red Light 

Blue Light 

Eye 

Eye 

Green Light 

Green Dress 
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Blue light from the sky contains mostly blue wavelengths, but it also may consist 
of some green and violet light that have similar wavelengths and frequencies. A yellow 
filter only lets yellow light through. Since the color yellow is a combination of red and 
green light, only those to colors can pass through the filter. Because the sky has some 
green light in it, and green can make it through the filter, the blue sky will appear green 
through a yellow filter.  

4. Why is the sky blue during the daytime? 
 
 
 
 
 
 
 

Earth’s atmosphere is a thin layer of gases made up of about 99% diatomic 
nitrogen and oxygen molecules. When light from the sun, which contains every color, 
hits these diatomic molecules, they scatter in all different directions. However, violet 
light scatters in every direction more than any other color due to its short wavelength and 
high frequency. But because the human eye can best perceive green and yellow light, 
these colors average with violet’s light scattering to be blue. 

5. Why is the sun reddish-orange around sunset? 

 

 

 

 

 

During the middle of the day, when the sun is directly overhead, sunlight has to 
travel the least amount of distance through the atmosphere to reach Earth. Around the 
time of sunset, however, sunlight must travel through more atmosphere to reach the 
Earth. Traveling through more atmosphere means that the light will run into more 
particles and scatter more than during the middle of the day. Violet and blue scatter the 
most while red and orange scatter hardly at all. Therefore, the sun is reddish-orange 
because red and orange almost travel straight through the atmospheric particles while the 
other colors are scattered elsewhere.  

6. Why are clouds white? 
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A cloud is made up of different sized water droplets. These droplets, depending 
on their size, scatter different wavelengths and frequencies of light. Small droplets scatter 
shorter wavelengths and higher frequencies such as blue since there are fewer water 
molecules to run into and scatter from in the clump. Larger droplets, on the other hand, 
scatter longer wavelengths and lower frequencies such as red since there are more 
molecules in the clump to run into and scatter from. The light that results is white, a 
combination of all the colors, because all the wavelengths are being scattered. On a side 
note, storm clouds are darker in color because the water droplets are beginning to 
condensate and enlarge. Therefore, they will absorb more light than they reflect and 
appear darker.  

7. Why do great white sharks appear cyan under 50ft of seawater? 
 

 

 

 

 
 
 
 
 

Seawater absorbs infrared electromagnetic radiation, or heat, extremely well. 
Since red has a wavelength and frequency very like that of infrared, seawater absorbs red 
more than any other color. Therefore, light that makes it through 50ft of seawater will 
consist very little of the absorbed red light and mostly of blue and green light that has 
been reflected by the water molecules. Blue and green combine to make cyan and a white 
shark is white because it reflects all the colors. Thus, cyan light that hits the white shark 
will be reflected, making the shark appear cyan.  

8. How does a prism break white light into all the colors of the rainbow? 

 

 

 

 

White light is made up of all the colors of the rainbow. When white light enters a 
prism at an angle, it refracts due to the change in medium. But, each color refracts a 
different amount because each color has a different wavelength and frequency. 
Ultraviolet is closest to the resonance frequency of glass, meaning a lot of its energy is 
converted into particle movement and ultimately lost as heat. Therefore, violet light, 
which has a similar wavelength and frequency to ultraviolet, slows down the most and 
refracts the most. Red, on the other hand, slows down the least, and refracts the least. 
When the already refracted light exits the prism and changes medium again, each color 
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refracts even more. The different amounts of refraction, or bending, between light colors 
is what separates the white light into the colors of the rainbow. 

9. How are rainbows formed in the sky? 
 

 

 

 

 

 

 

 

 
Light that enters a water droplet in the sky will refract, or bend, while entering the 

new medium. But, different colors of light will refract differently because they each 
move through water at different speeds. Violet light moves the slowest through water, so 
it will bend the most when it enters a raindrop. Red light travels the fastest, so it will bend 
the least. The refracted light inside the droplets will then reflect off the back of the 
raindrop and refract again as it exits, typically creating an angle of 42° with the light that 
entered the drop. An eye will only see colors from groups of raindrops at different heights 
as some colored light may pass above or below the eye.  

10. Why are all the colors in the rainbow visible when looking at a soap bubble? 

 

 

 

 

 

 

When blue light reaches the edge of a soap bubble, some light is reflected and 
some light is refracted. The blue light that reflects will be inverted. The blue light that 
refracts into the film, reflects on the back side of the film, and refracts out of the film will 
remain upright. The upright waves travel roughly 2T further than the inverted waves. If 
2T is a whole wavelength, the light will be in phase, and appear a brighter blue. If 2T is 
one half of a wavelength, the light will be out of phase, and no blue light will be seen. All 
of the colors of the rainbow are visible when looking at a soap bubble because the film 
has different thicknesses at different places so different parts of the bubble let through 
different colors of light. 
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