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RAPPS Conclusion Rubric 

 

 

*Weighted double compared to the other components. 

Conclusion 

Components 

Proficient Partially Proficient Unsatisfactory 

Rephrase the 

question or problem 

stated in the purpose; 

state a hypothesis if 

applicable 

 The purpose is rephrased in 

student's words or restated in 

a complete sentence. 

 If applicable, hypothesis is 

supported by background 

information. 

 The purpose is not 

restated, but can be 

inferred from the 

student’s answer. 

 If applicable, 

hypothesis is stated, 

but minimal or no 

background 

information is cited in 

support. 

 Purpose is not 

restated. 

 If applicable, no 

hypothesis 

stated. 

Answer the 

question/problem  
stated in the purpose 

 States a claim relevant to the 

purpose. 

 Effective use of procedure to 

show how purpose was met, 

including important lab 

equipment used. 

 States a claim semi-

relevant to the 

purpose. 

 Brief indication of 

procedure, no 

mention of key 

materials. 

 Makes an 

invalid or 

irrelevant claim.   

 No mention of 

procedure. 

*Provide evidence 
from data, graphs, 

observations that 

supports the answer.  

If applicable, use data 

to support or refute 

hypothesis. 

 Supports claim by  

o Analyzing and interpreting 

general trends or patterns 

(such as graphs) to support 

answer 

or  

o using specific quantitative 

evidence is to link 

conclusion to scientific 

concepts relevant to 

purpose. 

 If applicable, data is used to 

support or refute hypothesis. 

 Provides reasoning 

based on data but 

does not link it to the 

purpose of the lab. 

 If applicable, 

hypothesis is not 

mentioned. 

 

 Vague 

discussion of 

results. 

 Inappropriate 

data used as 

results. 

*Possible 

Experimental errors 
that are systemic or 

inherent to the 

procedure 

 Discussion of 2 acceptable 

errors (and percent error 

calculation, if appropriate). 

 Discussion of affect of errors 

on results.  Direction of error 

is correct. 

 Offers suggestions how to 

eliminate or reduce errors. 

 Discussion of at least 

2 acceptable errors. 

 No link between 

errors and results 

made. 

 Offers suggestions 

how to eliminate or 

reduce errors. 

 Limited 

discussion of 

errors or 

discussion of 

unacceptable 

errors. 

 No 

improvements 

given. 

Scientific Writing 
including correctly 

spelled terms, no 

pronouns, and clarity 

 No use of pronouns; specific 

nouns are used. 

 Organized, thorough 

discussion. 

 Proper conventions (spelling 

and grammar) used. 

 Limited use of 

pronouns 

 Discussion in logical 

sequence. 

 Proper conventions 

(grammar) mostly 

used. 

 Frequent use of 

pronouns. 

 Presentation not 

in logical 

sequence. 

Difficult to 

read. 
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Science Graph Rubric 

 
Graph Components Proficient  Partially Proficient  Unsatisfactory  

 

Axes drawn with straight 

edge and at least half a page 

big. 

Graph is drawn of 

appropriate size and both 

lines are drawn with a ruler. 

 

Either the sizing of the 

graph is not appropriate or a 

ruler is not used to draw 

both lines. 

Appropriate size was not 

used and the axes are not 

drawn using a ruler. 

Variable labeled on each 

axis 

Both axes are labelled with 

appropriate variables. 

Only one variable is 

labelled with an appropriate 

variable. 

Neither axis is labelled with 

an appropriate variable. 

Units labeled on each axis 

Correct units are included 

in parentheses on both axes. 

Correct units are included 

on only one axis, or the 

units are not contained 

within parentheses. 

Neither axis has the correct 

unit included. 

Scaling is even (each box 

represents the same value) 

Consistent and appropriate 

scaling is given on both 

axes. 

Consistent and appropriate 

scaling is given on only one 

axis or a break is not 

indicated when needed. 

Neither axis contains 

appropriate and consistent 

scaling. 

Plotting of points is 

accurate and visible 

Points are accurately 

plotted with obvious 

symbols 

 

One point is mis-plotted or 

marks are not obvious 

Multiple points are mis-

plotted or points cannot be 

seen. 

Line is appropriate, 

straight line of best fit or 

connecting the dots. (no bar 

graphs, ever) 

Either line of best fit is 

correctly and neatly drawn 

or points are connected 

with straight lines.  A ruler 

is used for all straight lines. 

 

Best fit line is not neat or 

straight line is not drawn 

with a ruler. 

Line is missing or is 

incorrectly drawn. 

Title is present that says 

what the graph shows 

Descriptive title is given. Title is given but is not 

descriptive. 

No title is given or the title 

does not reflect what is in 

the graph. 

 

Key is present if there are 

multiple lines on a graph 

Key or legend is neat and 

included if needed.  

Multiple lines are clearly 

distinguished by color or 

symbol. 

Key is included but lines or 

key are not clearly 

distinguished (if a key is 

needed) or lines are 

distinguished only by 

annotations along the line. 

 

A needed key is not 

included or lines cannot be 

distinguished. 
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Moving Man:   1 of 2 pages                                                  

Procedure – Do the following activity using this web site  
http://www.colorado.edu/physics/phet/simulations/movingman/movingman.jnlp 

1. Getting started.  After “The Moving Man” is open leave the position graph and 

the velocity graph open but close the acceleration graph. Your screen should look 

like screen 1.  

2. Making observations.  By putting in values for position or velocity observe what 

shows up on the graphs.  Using the axis provided below make sketches of 

Distance vs. Time and Velocity vs. Time graphs for the actions described next to 

each axis.  You may use the pause button to make changes to velocity.  Negative 
Screen 1 

A man moving at a fast 

pace of -4m/s for 2 sec 

then stop and move 

back the way he came 

at a pace of 1 m/s (set 

the velocity to -4m/s, hit 

pause at 2 seconds, reset 

the velocity to 1 m/s and 

hit play) 

 

A man moving at a slow 

steady pace  

(on the velocity graph set 

the velocity to 2m/s) 

A man moving at a fast 

steady pace  

(on the velocity graph set 

the velocity to 6m/s) 

A man standing still at 

4 m, (on the position 

graph set the position to 

4m) 

A man moving at a fast 

pace of 4m/s for 2 sec 

then stop and move back 

the way he came at a 

pace of -1 m/s (set the 

velocity to 4m/s, hit pause 

at 2 seconds, reset the 

velocity to -1 m/s and hit 

play) 

 

A man moving from 10 

to 0 at a fast pace. 

(set the position to 10 m 

and the velocity to -

6m/s) 
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Name _________________________________  Period ___ 

 

http://www.colorado.edu/physics/phet/simulations/movingman/movingman.jnlp
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Moving Man:   2 of 2 pages                                                  

Apply what you learned.  Look at the Distance vs. Time graph below and for the different parts of 

the graph that are marked by the dotted lines make the corresponding Velocity vs. Time graph 

directly below each part.  

Part C 

Part A 

Part B Part D 

Time 

D
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n
ce

 
V
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city

 

Time  

-5 

-10 

5 

0 

10 

 

Part Description of direction and speed  

A  
 

 

 

B  
 

 

 

C  
 

 

 

D  
 

 

 

 

Apply what you learned.  Looking at the distance/time graph above, write statements 

explaining what each part of the line is telling us. Be sure to include the direction of motion 

(away, towards), and the speed of motion (fast, slow).  
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_______________ 

  Find the slope of your fast car 
Givens (2 points on the 

line) 

Formula 

Substitution Answer  
(as a decimal with units) 

 

Toy Cars (1 of 2 pages) 

 

             

                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   

 

  Find the slope of your slow car 
Givens (2 points on the line) Formula Substitution Answer  

(as a decimal with units) 

 

_____

_____

_____

___________

____ 

Purpose: To determine the difference 

in distance-time  graphs between fast 

and slow moving toy cars.  

 

Equipment/Set-up: fast moving  

jeep,  slow moving jeep,  poker chips,  

meter stick, stopwatch 

 

Procedure: 
1. Develop a procedure to mark 

where your jeep is every second. 

2. Measure the total distance from 

the start to each second’s mark 

and record in the table. 

3. Repeat for the other jeep, so that 

you have data for one fast jeep 

and one slow jeep. 

4. Graph each car’s data in the 

space to the right, with both cars’ 

data on the same set of axes.  

Label axes and put a title on your 

graph.  Use a straight line of best 

fit on your graph for the graph of 

each car.  Make a key, or label 

each line. 

5. Find the slope of each line. 

For the slow car, also find the 

equation of the line. 

 

Equation of the slow car line in the form of y = mx + b 
 

_______________________ 

Slow Car  Fast Car 
t  

(s) 

d 

(m) 
 t 

(s) 

d 

(m) 

0   0  

1   1  

2   2  

3   3  

4   4  

5   5  

6   6  
 

Name ______________________________________ Period _____ 
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RC Car Motion

Toy Cars (page 2 of 2) 

 

Questions: All questions must be answered in complete sentences. 

 
1. What does slope of a d-t graph tell you about motion? 

______________________________________________________________________________________________________

_____________________________________________________________________________________________________ 

2. How does the slope of your fast car line compare to the line for your slow car? Give numerical evidence to support your answer. 

______________________________________________________________________________________________________

_____________________________________________________________________________________________________ 

3. Based on your graph, was the motion of your cars (at least roughly) constant?  

How can you tell? 

_________________________________________________________________ 

For 4-7: Use the distance-time graph to the right made by using an RC car. 

4. Is the motion of that car constant?  How can you tell? 

_________________________________________________________________ 

_________________________________________________________________ 

5. During what time interval(s) is the car moving relatively fast?  How can you tell? 

_________________________________________________________________ 

_________________________________________________________________ 

6. Is there a time when the car stopped?  And, if so, when was it?  How can you tell? 

______________________________________________________________________________________________________

_____________________________________________________________________________________________________ 

7. During what time interval(s) is the car moving relatively slowly?  How can you tell? 

__________________________________________________________________________________________________ 

______________________________________________________________________________________________________ 

Conclusion: [The following is a guide to using the RAPPS rubric from the appendix in your physics book.  You may attach more 

paper if needed.] 

 Scientific Writing (replace "it" and "they" with the nouns they represent; keep the language straightforward)  

 Restate the purpose:_____________________________________________________________________________________ 

_____________________________________________________________________________________________________ 

 Answer the purpose:_____________________________________________________________________________________ 

______________________________________________________________________________________________________ 

 Provide Evidence (give actual lab data to prove what you said in your answer is correct): ______________________________ 

______________________________________________________________________________________________________ 

______________________________________________________________________________________________________ 

______________________________________________________________________________________________________ 

______________________________________________________________________________________________________ 

 Provide 2 sources of error (what experimental design--not measuring or calculation--problems were there and how would they 

affect how well your data shows your answer? : _______________________________________________________________ 

______________________________________________________________________________________________________

______________________________________________________________________________________________________ 

______________________________________________________________________________________________________
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Board 

Physics 

Cart 

Ticker 

timer/tape  

"Level" 

set-up 

Start 

Δd         = interval distance (this example is the change in 

distance from 0.30 to 0.40 seconds) 

d              = distance from Start (this example would be 

the distance at 0.40 seconds) 

Level, Down, Up Lab: Instructions 1 of 4 pages 

Background:  

Ticker tapes look different for different types of motion (see page 10 in book).  The ticker tapes can be analyzed to 

produce distance-time graphs and velocity-time graphs.  These graphs are related.  The instantaneous speed (using the 

slope of a tangent) at a given time on a 

d-t graph should be the same as the 

speed value at that given time on the v-t 

graph. 

 

Measuring ticker tape can be tricky.  

The diagram to the right should help. 
 

Purpose: to analyze ticker tapes for different types of motion by producing distance vs. time graphs and corresponding 

speed vs. time graphs, and then to describe the differences in the d-t and v-t graphs between constant speed, slowing 

down and speeding up . 

 

Equipment/Set-up:  Annotate 3 drawings, one for 

each setup: Level, Down, & Up. Use the 

drawing to the right as an example. 

 

Procedure for uphill:   

1. Thread the timer tape through the ticker timer (set on 10 Hz).  

2. Attach tape to a Physics Frictionless Dynamics Cart.   

3. Turn on the timer and give the cart a short push along a level surface 

for the first trial.   

4. Make sure that the tape has at least 7 good readings, not including the push. 

5. Mark the '0' point at the beginning of the good readings, measure and record data.  Refer to background for 

measuring process. 

6. Complete the data table.  (Hint:  v = Δd/Δt) 

 

Procedure for level and downhill: 

Write a procedure using the one above as a model for the level and downhill.  Include enough detail that an 

absent student could do your lab.  Steps should be numbered. 

 

Data/Analysis:  

 On the worksheet, fill in the data table for all three experiments: Up, Down, and Level. Fill in the missing 

column headings for downhill and level. 

 

 On the worksheet, fill in the data table showing the sample calculations using data from your own 

experiments. 

 

 Make 2 graphs, a d/t and a v/t.  On each graph plot all three sets of data: Up, Down, and Level.  For the d/t 

graph connect the dots, and for the v/t graph do linear lines of best fit. 
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Level, Down, Up Lab: 2 of 4 pages  Name ______________________ Per ____ 
  

 

 Background: Describe the differences for ticker tapes showing constant speed, increasing speed, and decreasing 

speed. 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

__________  Purpose:________________________________________________

______________________________________________________

______________________________________________________

Sample Calculations: 
 Givens 

(choose the needed data from the table) 

Formula Substitution Answer 

∆t  
   

∆d  
   

v  
   

 

Up Setup:  Down Setup:  Level Setup:  

Procedure for downhill and level: 

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________
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Color Key for the d/t & v/t Graphs 

 Level 

 Down 

 Up 

 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

 

Level, Down, Up Lab: 3 of 4 pages 

 

Data/Analysis:  

 

 

 

 

 

 

 

 

  

  Uphill Downhill Level 
t  

(s) 

Δt  

(s) 

d  

(cm) 

Δd 

(cm) 

v 

(cm/s) 
      

0 --- 0 --- ---       

0.1           

0.2           

0.3           

0.4           

0.5           

0.6           

0.7           

0.8           
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Level, Down, Up Lab: 4 of 4 pages  
 

Questions: 

1.  Ideally, what should constant speed look like on a d-t 

graph and a v-t graph? Draw a sketch to the right. 

 

2.  Describe how the ideal graphs in number 1 compare with 

your “Level” experiment graphs.  

 ______________________________________________________________________________________________ 

______________________________________________________________________________________________ 

______________________________________________________________________________________________ 

3.  From your level line on your v-t graph, what is the speed at 0.3 s? _________ What is the speed at 0.6 s?_________ 

Explain how that confirms or refutes your explanation in question 2. 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

 

 

 

4.  Ideally, what should speeding up look like on a d-t graph 

and a v-t graph?  Draw a sketch to the right. 

 

5.  Describe how the ideal graphs in number 4 compare with 

your “downhill” experiment graphs.  

______________________________________________________________________________________________ 

______________________________________________________________________________________________ 

______________________________________________________________________________________________ 

6.  From your downhill line on your v-t graph, what is the speed at 0.3 s? _________ What is the speed at 0.6 s?_______ 

Explain how that confirms or refutes your explanation in question 5. 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

 

 

 

7.  Ideally, what should slowing down look like on a d-t graph 

and a v-t graph?  Draw a sketch to the right. 

 

8.  Describe how the ideal graphs in number 7 compare with 

your “uphill” experiment graphs.  

_____________________________________________________________________________________ 

______________________________________________________________________________________________ 

______________________________________________________________________________________________ 

9.  From your uphill line on your v-t graph, what is the speed at 0.3 s? _________ What is the speed at 0.6 s?_________ 

Explain how that confirms or refutes your explanation in question 8. 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

 

Constant speed 

t 

v 

Constant speed 

d 

t 

Speeding up 

t 

v 

Speeding up 

d 

t 

Slowing down 

t 

v 

Slowing down 

d 

t 
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Spring Car Lab: 1 of 2 pages    

 FORMAL LAB ASSESSMENT 
 

Background:   
1. Sketch what perfect constant acceleration looks like on a 

d-t graph.   

2. Sketch what perfect constant acceleration looks like on a 

v-t graph. 

3. How do you find acceleration from a v-t graph? 

 

Purpose:   
1. To find the acceleration of your spring car and  

2. determine if your spring car had perfect constant 

acceleration. 

 

Materials: 

Spark timer 

Spark tape 

Spring car (when you pull it back and let it go it winds a spring which allows it to “spring” forward—be careful not 

to over wind the spring) 

Tape 

Meterstick 

 

Set up:  Annotate a diagram of how you set up your experiment. 

 

Procedure:  Write a detailed procedure of how you will get data.  A physics student who was absent should be able to 

follow your procedure to make up the lab.  Your steps should be numbered. 

 

Data:  Set up a data table with everything you need to measure.  Use straight lines and have units on your measured 

quantities in the headings. 

 

Analysis:   

1. Show sample calculations for everything you needed to calculate in your table.   

2. Draw d-t and v-t graphs using the graphing rubric in the back of your book that will allow you to see whether 

you met your purpose. 

3. Calculate your acceleration from your graph.  Use the four step process. 

 

 

Conclusion:  (Use RAPPS Rubric in the back of your book) 

 As stated in your rubric, make sure to address your findings with regard to the purpose.  You 

should be comparing the shapes of the graphs and provide evidence.  When you get to the error section of 

the rubric, remember not to use the phrase “Human Error”.  You should state how your specific errors 

would have affected your data. 

Hints for writing formal labs: 
1. DO YOUR PRE-LABS BEFORE THE DAY 

WE DO THE LAB. 

2. Show your work using the 4 step method. 

3. Explain all of your answers using complete 

thoughts. 

4. Use a straight edge for all graphs and data 

tables. 

5. Label all graphs and data tables with 

descriptions and units for the axis. 

6. Descriptive titles are needed for all data 

tables and graphs as well as for the lab itself. 

7. Read: Do all procedures. Answer all 

questions. 
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Spring Car Lab:  2 of 2 pages Name___________________________ Per __ 
    

 

Self-Assess:  Use this rubric to grade your lab before you turn it in.  Please staple this sheet to the front of your lab. 

 

 

 Section of lab 

write up 

Items being assessed Student 

Check-

list 

Teacher 

(points 

earned) 

P
re

-L
a
b

 

Name /period    
Title for the lab    
Background Answer the questions   

Purpose Rewrite the purpose using your own words   

Setup/Equipment Make an annotated drawing   

Procedure 

       

Write a numbered step by step explanation that 

anyone can follow.   

  

Data table Uses straight lines   

d, t, ∆t, ∆d, v, ∆v, a.   

has units   

has at least 8 data points   

d-t Graph 

(graph paper must be 

used) 

Axes drawn with straight edge and at least half 

a page per graph 

  

Axes labeled with variables, (t is x-axis)   

Axes labeled with correct units   

Scaling is even on each axis   

Points are visibly and accurately plotted   

Correct type of line used   

Graph has a descriptive title   

v-t Graph 

(graph paper must be 

used) 

Axes drawn with straight edge and at least half 

a page per graph 

  

Axes labeled with variables, (t is x-axis)   

Axes labeled with correct units   

Scaling is even on each axis   

Points are visibly and accurately plotted   

Correct type of line used   

Graph has a descriptive title   

 

Analysis 

Show sample calculations for each of the five 

calculated  data columns in the data using the 4 

step method 

  

Calculation of acceleration from the 

appropriate graph using the 4 step method. 

  

Sentence stating answer   

Conclusion 

Purpose restated   

Purpose answered with brief procedure    

Evidence--comparative values from your data 

or descriptions of graph trends--are given to 

support your answer above. 

  

2 possible errors that are not your fault, how 

each would affect your results, and ideas for 

how to lessen the errors. 

  

Scientific writing--no "it" or "they"   

Order The order of your lab follows this rubric   

Self-Assessment This rubric is filled out by student and attached 

to lab 
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Finding the Acceleration    Name ___________________________ Per ____ 

of Gravity at SLHS: 1 of 1 pages  
   
Background: What is the value of the acceleration due to gravity?  What do you expect to get for ag in our air-filled room? 

___________________________________________________________________________________________ 
___________________________________________________________________________________________ 
 

Purpose:  To determine the acceleration of gravity at SLHS. 
 

Set-up/Equipment:  Sketch the set-up of your lab.  For example, you may need to include a spark timer, golf ball/rock, timer tape, 

stop watches, meter sticks. 
 

 

 

 
Procedure:  (Write a clear numbered procedure that someone could read in order to duplicate your lab.  Please remember that 

multiple data collections on an identical event will yield more reliable data.)  
___________________________________________________________________________________________ 
___________________________________________________________________________________________ 
__________________________________________________________________________________________ 

___________________________________________________________________________________________ 
___________________________________________________________________________________________ 
 

Data Analysis: (Include any needed data tables or other means to list your data in an organized fashion. Use straight edges and be 

sure to include units)  

 

 

 

 

 

 

 
Questions: 

1. Calculate your acceleration with the 4-step process.  Show the 4-step process. 

 

 

 

 

2. Find the percent error for the acceleration.  Show the 4-step process. The equation for this is:      

                       % 𝒆𝒓𝒓𝒐𝒓 =  
𝒂𝒄𝒄𝒆𝒑𝒕𝒆𝒅−𝒚𝒐𝒖𝒓𝒔

𝒂𝒄𝒄𝒆𝒑𝒕𝒆𝒅
 × 𝟏𝟎𝟎 

 
Conclusion Questions:   

1. State your results.  Are these expected?  Why or why not?  

_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 

2. Explain two possible errors.  Do NOT use “human error.”  Tell how the errors would affect your result (would it make your 

value for ag too big or too small).  Think! 

_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
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Reaction Time:  1 of 1 pages Name ______________________Per ___ 
      
Background: What is reaction time?  What is the value of the ag, and why are we using it for this lab? 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 
 

Purpose:  To use ag in determining reaction time in a simulation of moving your foot from the gas pedal to the brake pedal. 
 

Set-up/Equipment:  meter stick, partner, wall, seat, reflexes 
 

Procedure: 

1. With your partner, position a chair so that your right foot is within reach of a wall in front of the chair.   

2. Have your partner hold a meter stick against the wall with the zero end pointed down.  Leave about .75 meters of space 

between the stick and the floor.  Place your right foot against the wall just to the right of the meter stick.  Think about how 

the pedals in a car are set up.  

3. Have your partner suddenly and unexpectedly drop the meter stick for you to catch with your foot before it hits the ground.  

You may need to practice once or twice. 
 

Data:  Record the distance that the meter stick fell with correct units._______________________________________ 
 

Calculations:  (Use the 4-step Process for each and calculation!) 
1. Calculate your reaction time using the distance the meter stick fell and the acceleration of gravity in Denver.  

 

 

 

 

2. Calculate how far your car would travel during your reaction time for an emergency braking on the highway when you are 

traveling 65 mi/hr.  Give your answer in feet.  Remember, this is the distance your car travels at a constant speed while 

you are reacting! (Given = 5280 feet / 1 mile, you must convert the speed.) 

 

 

 

 

 

3. A trained performance driver on dry pavement can decelerate at 35 ft/s/s.  Assuming you can match this maximum 

deceleration, how far would your car travel while stopping from your original speed of 65 mi/hr? (Conversion needed to 

make units match).  At this point, you have already reacted!  Your reaction time is not part of this calculation. 

 

 

 

 

 

4. What is your total stopping distance that your car would travel?  This is the easy question:  include the distance you travel 

during your reaction time and the distance you travel during your deceleration time. 

 

 

 

Conclusion Questions:   

1.  Address the purpose and state your results in beautiful complete sentence form. 

_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

2. Suppose you were fiddling with the radio, a drink, or your cell phone while driving and an emergency required you to 

brake.  What would that do to your stopping distance?  Support your answer. 

_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

3. Suppose you were following too closely to the car in front of you.  What are the implications in an emergency?  Support 

your answer. 

_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 
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Section of lab 

write up 

Items being checked  

Names / Period   

Lab Title   

Name of Lab Section Labeled clearly.  Underlined.  Easy to find.  Example: 

Background: 

 

Background Read and answer the questions. Complete sentences and 

complete thoughts. 

 

Purpose Rewrite the purpose using your own words.  

Setup/Equipment Make a labeled drawing.  

Procedure Paraphrase keeping a numbered step by step procedure.  

Data tables 

 

Columns have correct data.  

Summary Data table. is filled in correctly   

Sample Calculations 

 

Work is easy to follow and clearly labeled- I should able to 

easily understand what you’re calculating and where you’re 

getting your information from!!!   

 

Show sample calculations for  ∆t, ∆d, and v in Spark Timer 
data table 1, trial #1. Use 4-step method, include units.   

 

Show sample calculations for “F” and “a” in Summary Data 

Table, trial #1.  Uses 4-step method, include units.   

 

Graphs 

1 graph with 4 lines 

Use Graph Paper. 

Axis drawn with straight edge and at least ½ page big.  

Variable Labeled on each axis  

Scaling is even  

Pointing of points is accurate and visible  

Line is appropriate, read the directions  

Graph has a Title & Key  

Question 1 Question is answered using data from the lab to support it  

Question 2 Question is answered using data from the lab to support it  

Conclusion 

 

Use the RAPPS 

Rubric 

Restate purpose  

Answer purpose (Discusses observed relationships between F, 

m, and a. )  Brief procedure 

 

Cites specific evidence in lab to support conclusions.  

2 Sources of error, how each would affect result, and 
how to lessen the error 

 

 

F=ma Lab:   1 of 2 pages    FORMAL LAB WRITE-UP 
 

Pre-Lab = Title, Background, 

Purpose, Setup, Procedure 
Background:  (Answer all of the 

following questions) Explain the 

relationship between force and 

acceleration in the famous equation 

called Newton's 2nd Law of Motion.  

Make a prediction for what happens 

to the acceleration of an object when 

the force used to accelerate the object 

increases, if the mass is kept constant.  

Which force causes the acceleration 

of the cart in this lab? How will you 

determine the acceleration of the cart? 
Purpose: (Write this) The purpose of 

this experiment is to determine what 

happens to acceleration if total mass 

stays constant and the force causing 

that acceleration increases. 

Procedure: (Paraphrase the procedure) 

1. Set up equipment as shown.  

When the mass hanger is 

suspended over the side of the 

table it should be very close to 

the level of the table - 50 cm or 

more above the floor!  This mass 

(acted on by gravity) is providing 

the force to accelerate the cart. 

2. Set-up timer and tape 

3. Start timer (set on 10 Hz) and 

release mass hanger.  Make sure that you have 7-8 good data points.   

4. Measure and record times and distances.  Do the necessary 

calculations to fill in the data table. 

5. Repeat steps 2-4 three more times, each time taking an 

additional 50g from the cart and adding it to the hanger.   

The amount of mass that is accelerating remains constant. 

6. Graph all four sets of data on one axis, graphing velocity 

vs. time, using a best-fit line. Make sure you have a Key! 

(remember lines of best fit go through the average of the 

points, not necessarily through the origin)  

7. Use the slope of each line to find the acceleration of the 

cart for all four lines, and record the data in the Summary 

Data Table.  (Remember the slope of the v/t graph is 

acceleration) 

8. Calculate the Force used to accelerate the physics cart for each experiment and record the data in the Summary Data Table. 

Questions: 

1. What happens to the force used to accelerate the physics cart as you increase the mass on the hanger? 

2. What happens to the acceleration of the cart as you increase the force pulling on the mass of the cart? 
Useful Formulas: 

Fg = mag  (ag = 9.8m/s2)  v = d/t   slope = y/x

Table 

Pulley attached 

to table edge 

Mass hanger with no 

additional mass. 

Ticker timer & 

Tape 
Physics Cart 

and extra 

masses 
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F=ma Lab:  2 of 2 pages Name __________________________ Per ___ 

 

Spark Tape Data Tables:  Include a sample calculation below one table for each column requiring 

calculations.  Use your first line of data for the sample.  Be sure to use the 4-step process and show 

all work. 

 

 

Summary Data Table:  (summary of your 
results from 4 tables above) Include a 

sample calculation for each column requiring 

calculations.  Use your first line of data for the 

sample.  Be sure to use the 4-step process and show 

all work     

Trial 
# 

Hanging 
Mass 
(kg) 

Accelerating 
Force (N)  

(from 

Fg=mag) 

 

Acceleration  
(cm/s2) 
(from v-t 

graph) 

1    

2    

3    

4    
 

Sample calculations 

Δt   
Δd  
v  
F  
a  

 

 

Hanging mass = _________ kg 

t 
(s) 

Δt  
(s) 

d 
(cm) 

Δd 
(cm) 

V 
(cm/s) 

     

     

     

     

     

     

     

     
 

 

Hanging mass = _________ kg 

t 
(s) 

Δt  
(s) 

d 
(cm) 

Δd 
(cm) 

V 
(cm/s) 

     

     

     

     

     

     

     

     
  

Hanging mass = _________ kg 

t 
(s) 

Δt  
(s) 

d 
(cm) 

Δd 
(cm) 

V 
(cm/s) 

     

     

     

     

     

     

     

     
 

 

Hanging mass = _________ kg 

t 
(s) 

Δt  
(s) 

d 
(cm) 

Δd 
(cm) 

V 
(cm/s) 
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Forces in Equilibrium:    1 of 1 pages 

DO THIS LAB ON YOUR OWN PAPER! 

Background: Write your own definition 

of equilibrium and give some examples.  

 

Purpose: In this lab we will demonstrate 

that the net force of an object in 

equilibrium is zero. 

 

Procedure: 

1. Get three spring scales that are the 

same and a string with three ends. 

2. Attach a spring scale to each of the three ends of the string. 

3. Place a piece of paper on your table underneath the set of strings. 

4. Have two or 3 people pull on all of the spring scales, so that there is a force applied to each end 

of the string.  Do not exceed the ability of your spring scale to measure force. 

5. Reach a stage of equilibrium so that the center of the string does not move (the center of the 

string is where all three ends of the string come together).   Be sure not to forcefully hold the 

center of the string in one place (Holding the string would add another force!). 

6. Be sure the paper is under the center of the string and trace the direction that the strings are being 

pulled in. 

7. On your tracing note the force that each string has on it and the angles between strings. 

8. Repeat the procedure with different angles and magnitudes. 

9. Repeat for each member of the group (each person must have different information than their 

partners). 

10. Draw vector diagrams for each trial. 

 

 

 

 

 

 

 

 

 

 

Data: 

 A sketch of each of the two trials with information on the forces and angle labeled on it. 

 A scaled vector diagram of each trial with the force for each vector labeled and the resultant.   

 

 

Conclusion:  Explain how this lab showed that the net force on an object is zero if it is in equilibrium.  

Use specific examples from your data to back up your claims.  Also, include one valid source of error 

for this lab.   

 

 

 

 

Paper 

Spring scales 

Center of string (do not forcefully hold it in place) 

Spring scale 

A complete lab has: 

o Title, 

o Background (answer the question), 

o Purpose (write this),  

o Procedure (summarize, keep numbered 

format), 

o Data (2 sketches, 2 scaled vector diagrams 

o Conclusion (answer the questions) 
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𝜇𝑠 =
𝐹𝑠

𝐹𝑔
 

Fs –the force needed to overcome inertia 

Fg – the weight of the object being pulled 

Please note that the coefficient of friction () has no units  

𝜇𝑘 =
𝐹𝑓

𝐹𝑔
 

Please note that the coefficient of friction () has no units  

Ff–the force needed to maintain a constant speed 

Fg – the weight of the object being pulled 
 

Coefficient of Friction: 1 of 2 pages 
 

Background: Generally speaking, if you push on an object at rest, 

it will resist with a force, which exactly counters your applied force up 

until a point where you overcome the friction and the block starts to 

move. Then when the block starts to move, it usually takes less force to 

keep the block in motion at a constant speed. The maximum force at the 

point at which the block starts to move is known as the static coefficient 

of friction, while the force required to keep in constant velocity motion 

is known as the kinetic coefficient of friction. These coefficients are just 

the applied forces under those two conditions divided by the force 

pressing the surfaces together. 

Static frictional forces from the interlocking of the 

irregularities of two surfaces will increase to prevent any relative motion 

until some limit where motion occurs. It is that 

threshold of motion, which is characterized by the 

coefficient of static friction. The coefficient of static 

friction is typically larger than the kinetic coefficient of 

friction. 

 Static coefficient of friction(s) Static 

friction exists when objects are not moving. An object 

on a flat surface is still, for example. Gravity pulls it 

down while the surface holds it up. The friction 

between the box and the surface makes it difficult to 

slide the box. When a strong enough force is applied, 

the box will slide, despite the friction.  

Kinetic coefficient of friction(k) - Once you 

overcome static friction, kinetic friction is the force 

holding back regular motion. This, kinetic fiction 

coefficient of friction concerns the force restricting the 

movement of an object that is sliding on a relatively 

smooth, hard surface.  

Ice is smooth and slick, and everything 

seems to slide across it. But no matter how slick the ice 

is, at some point there is a force strong enough to become a coefficient of friction. 

Snowboarders control their boards on the ice by using their bodies to push down on one side or the other. This steers the board by 

providing force to create a coefficient of friction. 

 
Equipment/Set-up: 

 Object (~2 kg or more) 

 cardboard sled 

 spring scale 

 2 different surfaces 

 

Procedure: 
1. Find the mass of the object (and sled) that will be pulled. 

2. Calculate Fg (refer to the reading above, if necessary), which is equal to weight as long as the 

surface is horizontal. 

3. Set up the equipment as shown above. 

4. Slowly begin to exert increasing force on the spring scale.  Record the force required to start the 

sled moving as well as the force required to maintain a constant speed. 

5. Repeat Step 4 two more times (on the same surface) using other members of your group. 

6. Repeat for 1 other surfaces. 

7. Complete the data tables and sample calculations necessary to determine Fg, s, k 

 

 

    
Material Coefficient 

of friction 

Material Coefficient of 

friction 

Steel on steel - dry 0.4 Teflon on 

steel 

0.04 

Steel on steel - 

greased  

0.05 Shoes on 

ice 

0.05 

Auto tires on dry 

concrete 

0.75 Climbing 

boots on 

rock 

0.8 

Auto tires on wet 

concrete  

0.5 Rubber on 

asphalt 

0.40 

Auto tires on icy 

concrete 

0.02 Teflon on 

Teflon 

0.04 

 

Force applied to the Spring 

Scale to pull the object 

Spring Scale 
Surface the object & sled slides upon 

Object 

Sled the object 

rides on 

String 

Attached to 

the Sled  
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Coefficient of Friction:  2 of 2 pages Name _______________________ Per ____ 

Background: Explain what static friction is and what kinetic friction is.  Sketch the object/sled in this lab and diagram the 

forces acting on it.  Include Fg, Ff, and the spring scale force.  

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________ 
 

Purpose: Find the coefficient static friction (s) and the coefficient of kinetic friction (k) for a cardboard sled on 2 

different surfaces. 

Data/Analysis: 
 

 

 

 

 

 

 

 
 

Use your average forces from above to calculate each  

 

Surface 

Mass Sled + Object 

(kg) 
Fg  weight  

(N)   
Calculated s Calculated k 

Smooth     

Rough     
 

Space for sample 4-step calculations of Fg, s and k) 

Fg,  
s  
k  

 
Questions: 

1. Which force is greater, the force to start motion or the force needed for constant motion?  Use one of 

Newton's laws to explain why this is expected.  

________________________________________________________________________________________

________________________________________________________________________________________ 

2. Write a statement that describes what  tells us about the surfaces used. (What does a large value mean? a 

small value?) 

________________________________________________________________________________________

________________________________________________________________________________________

Based upon your results for each surface, how valid is this method for determining?  Why? 

________________________________________________________________________________________

________________________________________________________________________________________ 

Surface #2 ________________________ 

Trial 
Force to start 

motion, Fs (N) 

Force for constant 

speed Ff (N) 

1   

2   

3   

Average   

 

Surface #1 ________________________ 

Trial 
Force to start 

motion, Fs (N) 

Force for constant 

speed Ff (N) 

1   

2   

3   

Average   
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Parachute Drop:  1 of 1 page   Name ______________________________ Per ______ 

   
If a person were to fall without a parachute, they’d push the air molecules out of the way very easily, so the air wouldn’t be 

able to do much to slow the person down. But if the person is attached to a parachute, then the parachute will run into lots of 

air molecules, and especially if it’s curved to be higher up in the middle, it will be very 

hard for the air molecules to get out of the way. If they can’t get out of the way, they will 

slow the parachute (and hence the person) down.    

  

Background:  Explain how a parachute works.  What makes a good parachute design?  

In the box, draw and label a diagram of the forces on an object with a parachute as it falls 

in the air-filled atmosphere, including the force of gravity (Fg) and the force of air 

resistance(Fair).  What is the direction of the net force? 

__________________________________________________________ 

__________________________________________________________ 

__________________________________________________________ 

__________________________________________________________ 

 

Purpose:  The purpose of this lab is to find the acceleration and force of air resistance for a parachute drop. 

 

Setup:  

 

 

 

 

Procedure: (Be quiet in halls or you will be doing force diagrams depicting why you are in 

detention) 
1. Procedure is teacher directed and not formally provided in print. 

2. Collect and record the necessary data as a class. 

3. Answer the questions (use the average of the two times to do calculations). 

Data: 
Total Mass=________       Distance=________      Stopwatch 1= ________  Stopwatch 2= ________     tave= _______ 

Questions/Calculations: (Show all work with the 4-step process) 
1. What is the weight of the parachutist with parachute? 

 

 

 

2. What is the net acceleration of your parachutist?  

 

 

 

 

3. What is the net force on your parachutist?  

 

 

 

 

4. What is the force of the air resistance on your parachutist?  

 

 

 

Conclusion Question:  If the object were safely replaced with a baby Chihuahua with a total mass (including same parachute 

from above) of 0.45 kg, what would be the actual acceleration of the falling Chihuahua?  Use the same air resistance as 

the lab since it is the same parachute. 

 

Parachute  

Parachutist 
Strings attached 

with tape 

Other Supplies 

Needed: 

 2 stopwatches 

 Scale - to mass 

your project 
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Projectile Motion Lab: 1 of 2 pages Name ______________________ Per ____ 

 

Directions:  Do the vector diagram on the back side of this sheet of paper. 

 

 In this lab you will determine the path (trajectory) of a projectile using vector diagrams. 

The resultant vector of the horizontal and vertical displacement vectors will give the position of 

the projectile at any specified time during the flight of the projectile. You are to determine the 

position of the projectile at 8 different times. 

 

 Use this side of the paper to determine what values you will use to make your vector 

drawing. The vector drawing will be done on the other side of this paper.  

 

 Assume that a projectile is fired horizontally with an initial velocity of 40.0 m/s. The 

initial position of this projectile is shown on the other side of this paper with this symbol   •. Use 

10. m/s2 as the acceleration due to gravity. Find the position of the projectile at 2, 3, 4, 5, 6, 7, 8, 

and 9seconds. 

 

 Complete the following table before you start your vector drawing. Use the formulas for 

horizontal and vertical displacements to determine your dx and dy values for distance. To make 

the vectors fit on the paper use a scale of 1 cm on the paper = 20 meters in real life. This means 

you must divide your actual values of dx and dy by 20. to determine the scale values. State all 

scale values to the nearest 0.10 cm. 

Formulas 

used 

    

Time  

(sec) 

dx 

(m) 

dx scale value 

(cm) 

dy 

(m) 

dy scale value 

(cm) 

2     

3     

4     

5     

6     

7     

8     

9     

 

 

 Start your drawing from the dot • on the back of this page. Be sure to draw the dx and the 

dy displacement vectors head to tail, so you can add them.  Always start your dx vector from the 

•.  Then drop the dy vector from the head of that dx. Finally, for each set of vectors draw the 

resultant vector. Be sure to put an arrowhead on that vector.  

 

Label each set of vectors with subscripts as you draw them, so the first set will be dx2, 

dy2, R2, the next set will be dx3, dy3, R3, and so forth. When you are finished with the resultant 

vectors, draw a smooth curve through the heads of the resultant vectors. This curve will 

represent the path of the projectile. Pretty neat, huh! 
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Ball in Cup Lab Name ______________________________Per ___ 

Purpose: to determine the landing point of a ball, rolling off a table. 

Data/Analysis: 
1. On the drawing to the right, label all measurements used to 

predict where the ball will land. 

 

Find vx: 

1. What measurements are in the x direction? 

 

2. What equation will you use to calculate vx? 

 

 

3. What is the must be true about the speed to use 

that equation? 

 

4. Are you measuring dtable and ttable from places 

where that condition for speed is met? If not re-

measure so the condition for speed is met. 

5. Show the 4-step process for your vx calculation: 

 

 

 

 

 

 

Find tair  (time marble will fall through the air after it leaves your table): 

6. Explain why tair is not the time across the table. 

 

 

7. What measurement do you have in the y-direction? 

8. Why does your marble fall? 

9. What was the initial speed in the y-direction? 

10. Show the 4-step process for tair:  *If you get more than 1 second, fix your units and recalculate it. 

 

 

 

 

 

 

Find dx:  

11. Show the 4-step process for your dx calculation: 

 

 

 

 

 

When you finish this calculation, measure out that distance, and call your 

teacher over so you can do the experiment  

At no time may the 

ball leave the 

table’s surface.  If it 

does, you are 

disqualified! 
 

dtable (distance across table) = _______ 

ttable (time across table) = _______ 
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Balcony Drop Lab:  1 of 1 page   Name ____________________________ Per ____ 
  

 

Given: Balcony Height = 5.45m           

Materials:  Meter Stick, One Tennis Ball 

Procedure: 
1. Horizontally Launch a ball off the balcony with an unknown vx and a vyi  of 0.00 m/s. 

 You will have one person in your group of 2-4 people roll your tennis ball off the 

balcony and have several people help spot the landing.  Do not throw the ball or give 

it any initial y-axis velocity.  

 You do NOT do multiple trials since you cannot duplicate vx perfectly. 

 Measure the distance between the base of the balcony (near lockers) and the point 

where the ball landed on the ground  (=dx). 

2. Quietly return to the room and return your materials before starting your calculations. 

 

Questions: (Show all four steps or get zero credit): 

1. Calculate the time the ball was in the air given the balcony is 545cm tall. 

 

 

 

 

 

2. Calculate vx of the ball during the trajectory. 

 

 

 

 

 

3. Calculate total velocity of the ball when it hits the ground.  Include scale for vector diagram. 

(Hint) Calculate vyf   (Another Hint) Make a Vector Diagram of vx+vyf  including angle of resultant. 

(Hint no. 3) you may want to do this on the back or sideways. 

 

 

 

 

 

 

 

 

4. What would be the value of dx if the ball had the same initial trajectory (same vx), but was 

horizontally launched from a height (dy) of 1.0 miles like the rim of the Grand Canyon?  (1600 

meters = 1.0 mile) 

 

 

 



 

 Fall Labs 30  

 



 

 Fall Labs 31  

 

Using Momentum Vectors in an Accident:  1 of 2 pages 

Police Reports of car accidents contain a lot of physics, including the use of conservation of 

momentum.  In this activity, you will use an accident report to decide whether the driver of a semi who 

rear-ended a car should get a speeding ticket. 

 

The details of the accident are as follows: 

In mid-July 1998, two men (Mr. Cassady and a friend) were driving a small, but heavily loaded 

car on US l9l south from Pinedale to Rock Springs, Wyoming.  They were waved to a stop at a 

construction site by a flag lady.  The passenger noticed the flag lady waving frantically and then 

jumping out of the way at the same time the driver saw a semi tractor trailer approaching rapidly in the 

rear-view mirror.  The driver of the car quickly accelerated and tried to drive away from the incoming 

semi tractor trailer. By this time, the semi was in full skid and headed at a slight angle away from the 

car.   With this slight angle, the cab of the semi tractor trailer missed the car, but the trailer behind the 

tractor hit the car dragging it under the truck (inertia!).  The initial jolt of the truck forced the car 

forward into another car. Then the semi continued to drag the first car 96 ft until both the semi and the 

car came to a complete halt. The car that was hit by the first car was pushed out of the way ending up in 

the oncoming lane.  We will ignore that car. 

 

Pertinent Information: 

 The car was moving forward at an estimated 3 mph when hit. 

 The estimated weight of the car is 3000 lbs. 

 The state patrol estimated the weight of the empty tanker truck and trailer to be 40,000 lbs 

 A truck can decelerate (or accelerate) at 6.4 ft/s2.  you should also use this rate of acceleration for 

when the semi and car are stuck together 

 Before the truck hit the car it skidded for 511 feet. 

 The car ended up 96 ft. from the point of impact. 

 We are using English units, just like accident reconstruction specialists:   

mass is in lbs, speed is in ft/s, (and momentum is  lb ft/s).  There are 5280 feet in one mile 

 

Find: 

1. Convert the speed of the car before the crash to ft/s. 

2. Use the distance from the point of impact to the final location, and the deceleration rate to 

find the speed of the car and semi (stuck together) right after the crash in ft/s. 

3. Use conservation of momentum to find the speed of the semi right before the crash in ft/s.  

As a good approximation, we are assuming the crash happened in one dimension. 

4. Use the distance of skid and deceleration rate to find the speed in ft/s of the semi before 

hitting the brakes.   

5. Convert the speed found in step 4, to mph.  This is how fast the truck must have been going 

in the construction zone before hitting the brakes.   

6. Should the driver be ticketed?  Explain your reasoning. 
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Mr. Cassady’s car 

at the point of 

impact 

Mr. Cassady’s car 

when all vehicles had 

come to a complete 

stop, 96 ft from the 

point of impact 

This is the 

direction Mr. 

Cassady’s car was 

traveling when 

struck by the semi 

Tractor or cab 

of the semi 

Trailers of 

the semi 


