Name __________________________ _____ Date ______________________ Hour ________________


Force and Acceleration
Introduction

An automobile accelerates through an intersection after stopping at a stop sign only to accelerate negatively again to stop at the next stop sign.  An apple, being released from a tree, accelerates until it hits the ground.  A baseball accelerates from rest at the back of the pitcher's throw until it has a velocity of about 90 miles per hour toward the batter.  How are these events related?  What causes the accelerations described?  What variables are involved in producing the acceleration of an object?  How are these variables related?  These questions make up the goal of the next series of labs.

The purpose of this lab is to determine how the acceleration of an object changes when a constant force is applied.  You should also find out what effect changing the distance makes on the acceleration you measure.

First, determine how your group can apply a constant (determinable) force to your dynamics cart. The method you chose must allow you to manipulate the force so you can conduct further investigations. For now, you will need to apply a force of 5.00 N more than the force just needed to get and keep the cart moving.  

Exploration
Add ten pounds of weights to your cart.  The little skate boards weight 3.6 lb.  Record the weight (in pounds) of the skate board + weights below to the nearest tenth.


Weight of cart + weights: _13.6 lbs_____
To convert from pounds to kilograms, you divide the weight in pounds by 2.2.  Thus, 22 pounds is equivalent to a mass of 10 kg.  Record the mass of your cart and weights in kilograms (to the nearest tenth) below:


Mass of cart + weights: _6.2 kgs_____


Force required to just keep the cart moving: ________


5.00 N more than the force required to just keep the cart moving: _______

Practice accelerating the cart with the force recorded above over a distance of 3.000 m.  That force is not balanced by anything and is, therefore, called an unbalanced force.

Important Note: We are using spring scales that have measurements in grams and pounds and ounces.  Our scales don’t have newtons.  One kilogram (1000 grams) is equivalent to 9.81 N.  Thus, 8.00 N is the same as 815.5 grams.  Obviously, 815.5 grams isn’t marked on the scale, but you can shoot for between 810 grams and 820 grams and you’ll be just fine.
A.
To determine the acceleration of the cart over a distance of 3.000 meters, make at least three measurements of the time it takes the cart to start from rest (vi=0) and travel the 3.000 meters.  Record the times (to the nearest hundredth) in the table, making certain that all recorded times vary by no more than 1/10 s.  If the three measurements vary by more than the allowable value, continue taking measurements until you get three that are close to each other.  Now average those measurements.  

B.
Repeat the above procedure, but this time determine the time the cart takes to travel a distance of 2.000 meters.  Record your data in the table.

C.
Change the distance to 1.000 meters and repeat the procedure.  Record your data in the table.

D.
Average acceleration can be calculated using the following formula:



_  


a = 2 * distance / time2

Use the above formula to find the average acceleration of the cart for each distance and record it in the table.

E.
The class averages will be calculated later and entered in the table.

Table 1.  Data for exploration on force and acceleration.
	Distance (m)
	Time (s)
	Average Time (s)
	GROUP Average Acceleration (m/s2)
	CLASS Average Acceleration (m/s2)
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Concept Development
1.
Which equation did you use to calculate acceleration?


Average acceleration = 2 * distance / time2

2.
How do the average accelerations compare to each other?


Theoretically, they should be equivalent.  However, due to errors with the experiment, answers may vary.
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Wait until the class has shared data, calculated class average accelerations, and discussed the results.  Then answer the following questions, basing your answers on the analysis of the overall class data.

3.
Obviously, we changed the distance quite a bit to see what effect, if any, it would have on the acceleration of a body, which is being acted upon by a constant, unbalanced force.  How much or what kind of effect did it have?


Answers may vary, although distance shouldn’t have any affect on acceleration if the unbalanced force is



applied consistently.


4.
Precisely describe what an object does when a constant, unbalanced force is applied to it. 


It should accelerate at a constant rate (students will want to say “constant speed”, but that isn’t correct).




Concept Application: Part A

Answer in complete sentences.

1.
How can you determine by watching a body whether or not an unbalanced force is acting on it?


If an object is accelerating, it is being acted on by an unbalanced force.



2.
Joey made a toy rocket-powered car.  He wanted to measure the average acceleration of the car.  To do that, he timed the car over a distance of 0.500 m.  He found that the car, starting from rest, passed the 0.500 m mark so rapidly that he could not accurately measure the time.  Joey's friend Sarah suggested that he increase the distance until the time became measurable.  Joey said that changing the distance would change the measurement of the acceleration, even though the car was still moving under full power.  If you were there, how would you respond to the argument?


Sarah is correct.  Changing the distance will change the amount of time it takes, but you will still get the



same acceleration assuming the unbalanced force does not change over the distance.




3.
Joey found that his car traveled 2.00 meters in 0.900 seconds.  What was the car's acceleration? Show your work.

Average acceleration = 2 * distance / time2

Average acceleration = 2 * (2.00 m) / (0.900 s)2

Average acceleration = 4.00 m / 0.810 s2

Average acceleration = 4.94 m/s2
4.
Assuming the acceleration of the car does not change, find the time required for the car to go 4.00 meters starting from rest. Show your work.

Average acceleration = 2 * distance / time2
 
a = 2*d / t2

a*t2 = 2*d*t2 / t2

a*t2 = 2*d


t2 = 2*d / a      (after dividing both sides by average acceleration, a)


t = ((2*d / a)


t = ((2*4.00 m / 4.94 m/s2)


t = ((1.62 s2)


t = 1.27 s

5.
Assuming the acceleration and weight of the car do not change, how does the force acting on the car change as time and distance increase?


F = m*a, so if mass/weight and acceleration don’t change, the force required to produce that acceleration must remain constant as time and distance increase. 

Concept Application: Part B

The acceleration of a cart will increase if the force acting on the cart increases, providing all other factors remain the same.  The goal of this experiment is to determine how much the acceleration changes when the force acting on the cart is changed by a definite amount.  For example, we determined the acceleration of a cart when a 2.00 newton horizontal force was acting on it.  How will the acceleration change if we double the horizontal force acting on the cart?

Using your method of determining a constant force, provide accelerating forces of 1.00 N, 2.00 N, 3.00 N, 4.00 N and 5.00 N.  The equivalent number of grams for each of those is 102 g, 204 g, 306g, 408g, and 510 g.

On a level surface, measure and mark a distance of 2.00 meter (use masking tape).  The weight of the cart should still be the same as before.

A.
Using a horizontal force of 1.00 N, make three measurements of the time required to accelerate the cart from rest through the distance of 2.00 meters.  Record the distance and times in the table.

B.
Gather data concerning the time and distance when the horizontal force is 1.00 N, then 2.00 N, 3.00 N, 4.00 N, and 5.00 N.  Record all data in the table.  If the time measurement becomes less than 1.00 second, increase the distance to 3.00 meters and continue.
	Force (N)
	Distance (m)
	Time (s)
	Avg. Time (s)
	Avg. Acceleration (m/s2)
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Calculate the average time and acceleration of the cart for each run. Show your work.  How did increasing the force affect acceleration?

Theoretically, there should be a linear relationship between F and a (assuming mass remains constant).  However, answers may vary based on imperfections in laboratory equipment and implementation.

Concept Application: Part C




Data will be combined from all laboratory groups in your class in order to make a class graph.  Graph acceleration in m/s2 on the vertical or "y" axis and force in newtons on the horizontal or "x" axis.  Force is on the x-axis because it was the independent variable; the one you directly changed.  Acceleration is on the y-axis because it was the dependent variable; its value depended on the force that was applied.  Include (0,0) as a data point.  When you have plotted your data, ask your teacher to approve it before continuing. 
Answer in complete sentences.
1.
Why is (0,0) a valid data point on your graph?


It is valid because if F = 0 then a = 0 as well.  There is no acceleration if there is no net force applied.


2.
The shape of your graph indicates a specific mathematical relationship between force and acceleration.  Describe that relationship using the terminology you learned in earlier labs.


Hopefully, the relationship will be linear.


3.
The mathematical relationship you have described should allow you to predict how acceleration will change when force changes.  For example, if the force acting on an object doubles, what does your graph predict will happen to the acceleration of the object?


If the force doubles, the acceleration should double as well.

4.
You should recall that the equation of a line is y = mx + b, where m is the slope and b is the y-intercept.  Your graph shows the mathematical relationship between force and acceleration.  Write the complete equation for your graph, using F as the symbol for force and a for acceleration and your graph's slope and y-intercept (properly rounded).


F = ma

Class' average equation:  


5.
Let's test your answer to question 3.  Use your graph's equation to find the theoretical acceleration at 1.80 N and 3.60 N of force.  Write down those values and then compare them mathematically in a ratio.  (Divide the larger acceleration value by the smaller one.)  Write down your ratio with 3 significant figures.

Accel. at 1.80 N =                 m/s2            Accel. at 3.60 N =                 m/s2
Ratio =                 to 1

6.
Theoretically, what should the ratio be between the two accelerations?  (Use your answer to question 3 to help you answer this question.  Notice how we changed the force.)


The ratio should be 2 to 1.

7.
Write a brief conclusion stating what general principle or concept this lab has illustrated.


An object will accelerate if an unbalanced (or net) force is applied.  The rate of acceleration, a,  depends on the


unbalanced force, F, and the mass of the object, m, following the equation F = ma


Engineering Application

Equations:

(1) average acceleration = 2*d / t2  (only applicable if starting or finishing at rest)

(2) average acceleration = (V / (t 

(3) d = (V * (t / 2  (only applicable if starting or finishing at rest)

(4) F = m*a

Conversions:

· 1 mi = 1609 m

· 1 m = 3.281 ft

· 1 hr = 60 min

· 1 min = 60 s

Problems:

1. The curb weight of the Toyota Supra (turbo) is about 3505 lb (1581 kg).  In the movie Fast and the Furious, the Supra goes ¼ mile in just under 10 seconds.  

· Estimate the average acceleration necessary for a car to travel ¼ mile in 10 seconds starting from rest.

Average acceleration = 2 * d / t2
Average acceleration = 2 * (1/4) * 1609 m / (10 s)2
Average acceleration = 804.5 m / 100 s2 = 8.045 m/s2
· Estimate the force required to produce that acceleration for a Toyota Supra (turbo).

F = ma

F = 1581 kg * 8.045 m/s2 = 12720 kg*m/s2 = 12720 N

F = 12.72 kN
2. A 2002 Ford F-150 Harley-Davidson has the following specs:

· Curb weight: 4644 lb (2106 kg)

· Acceleration (0-60 mph): 6.61 seconds

· Braking distance (60-0 mph): 126.66 ft

· Maximum towing capacity: 4500 lb (2041 kg)

i. Convert 60 mph to m/s.

60 mi/hr * 1609 m / mi * 1 hr / 60 min * 1 min / 60 s = 26.82 m/s
ii. Estimate the average acceleration of the F-150.

Average acceleration = (V / (t = 26.82 m/s / 6.61 s

Average acceleration = 4.057 m/s2
iii. Calculate the force the F-150 produces to create that acceleration.

F = ma = 2106 kg * 4.057 m/s2 = 8544 N

F = 8.544 kN
iv. Estimate the acceleration if you are towing 4500 lb (2041 kg) with the F-150.

Force stays the same.  New mass = 2106 kg + 2041 kg = 4147 kg

F = ma ( a = F/m

Average acceleration = 8.544 kN / 4147 kg

Average acceleration = 2.06 m/s2
v. Estimate the 0-60 mph time if you are towing 4500 lb.  Hint: use equation (2) from above

Average acceleration = = (V / (t  ( (t = (V / average acceleration

(t = 26.82 m/s / 2.06 m/s2
(t = 13.02 s

vi. Calculate the time required to go from 60 mph to 0 under normal conditions (use the curb weight as the weight).  Hint: use equation (3) from above

d = (V * (t / 2  ( (t = 2 * d / (V

(t = 2 * 126.66 ft * 1 m / 3.281 ft / 26.82 m/s

(t = 2.88 s

vii. Compute the associated acceleration for braking using equation (2).

Average acceleration = (V / (t = 26.82 m/s / 2.88 s

Avearge acceleration = 9.31 m/s2
viii. Compute the braking force using your previously calculated acceleration.

F = ma = 2106 kg * 9.31 m/s2 = 19620 N

F = 19.62 kN

ix. Calculate the acceleration for braking when towing 2041 kg with the F-150.

The braking force remains the same.  The new mass is 4147 kg.

Average acceleration = F/m = 19.62 kN / 4147 kg

Average acceleration = 4.73 m/s2
x. Calculate the time required to stop if you are going 60 mph and towing 2041 kg.  Hint: use equation (2)

(t = (V / average acceleration

(t = 26.82 m/s / 4.73 m/s2
(t = 5.67 s
xi. Estimate the braking distance (assuming you are going 60 mph before braking) if you are towing 4500 lb.

d = (V * (t / 2 = 26.82 m/s * 5.67 s / 2

d = 76.0 m (or 249 ft)
xii. How does the braking distance change if you are going 15 miles per hour faster (75 mph)?  Specifically,

(V = 75 mph = 33.52 m/s

Average acceleration is still 4.73 m/s2
(t = (V / a = 33.52 m/s / 4.73 m/s2 = 7.087 s
a. What is the braking distance if you are going 75 mph towing 4500 lb?

d = (V * (t / 2 = 33.52 m/s * 7.087 s / 2

d = 118.8 m (or 390 ft)
b. How much longer does it take to stop than when you were going 60 mph?

It takes an extra 42.8 meters to stop if you are going 75 mph instead of 60 mph.
xiii. Assuming rainy conditions decrease the braking force by 30%, estimate the braking distance if you are towing 4500 lb and going 75 mph.  Note: you will need to calculate a new, adjusted, braking force by multiplying your previous braking force by 0.7

New braking force is F = 19.62 kN * 0.7 = 13.73 kN

(V is still 33.52 m/s

Mass is still 4147 kg

Average acceleration = F/m = 13.73 kN / 4147 kg

Average acceleration = 3.31 m/s2
(t = (V / a = 33.52 m/s / 3.31 m/s2
(t = 10.12 s

d = (V * (t / 2 = 33.52 m/s * 10.12 s / 2

d = 169.7 m (or 557 ft)
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