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How can force affect an object's motion?
[bookmark: _Refd22e52][bookmark: _Tocd22e52][image: ]
Consider an object at rest, such as a soccer ball. Apply a force and it starts to move. Since the soccer ball was not moving before, it has accelerated, it has changed its motion. After the player has kicked the ball and is no longer pushing it, it moves at a constant velocity. When a player on the other team kicks the ball again, the motion changes. The soccer ball accelerates. Force causes acceleration. Acceleration describes how quickly motion changes.
The motion of an object is affected by the sum of the forces acting on it. If the total force on an object is not zero, its motion will change. The greater the mass of the object the greater force is needed to achieve the same change in motion.
Newton’s first law of motion states that, if a body is at rest or moving at a constant speed in a straight line, it will remain at rest or keep moving in a straight line at a constant speed unless it is acted upon by a force.
According to Newton’s second law, when a net force is acting on an object, then that object must be accelerating. Therefore, its velocity changes from second to second. So when we kick the soccer ball, it accelerates, and when the soccer ball begins to slow down it is again accelerating.
In this investigation you will model these concepts through the use of a force and acceleration sensor and a toy cart.
[bookmark: _Refd22e91][bookmark: _Numd22e91][bookmark: _Toc79569677]Materials and Equipment
· Data collection system
· Force and Acceleration sensor
· Toy cart with wheels
· Tape or rubber bands to connect force sensor to cart
· Measuring device
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Follow these important safety precautions in addition to your regular classroom procedures:
· If rolling your cart on the table, make sure to catch the cart and sensor before it falls to the ground.
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[bookmark: _Refd22e165][bookmark: _Numd22e165][bookmark: _Toc79569680]Part 1 - Newton's First Law
1. Use tape or rubber bands to connect the force and acceleration sensor to your toy cart as shown in Figure 1.
[image: ]
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2. Select Sensor Data in SPARKvue.
3. Connect the force and acceleration sensor to your device.
4. Select Force under Wireless Force Sensor and Acceleration X under Wireless Acceleration Sensor. Disable the Wireless Gyro Sensor.
5. Select the Line Graph display [image: ]. You should have two line graphs representing Force and Acceleration X on your SPARKvue screen.
6. Use a meter stick or other measuring device to set up a track that is 1 m in length. Set 0 m as the starting line and 1 m as the finish line.
NOTE: To limit friction, it is best to set up your area on a table or other smooth surface rather than a carpeted area.
7. Make a prediction. If you were to leave the cart in place without applying a force, what will the values be for Force (N) and Acceleration X (m/s2)? Record your predictions in Table 1.
8. Place the cart at the starting line. Zero out the force sensor then start recording data. After 10 seconds, stop collecting data. Record the actual data in Table 1.
9. Make a prediction. If you were to lightly push the toy cart, then start collecting data, what would expect the data to say? Record you prediction and reasoning in Table 2.
10. Zero out the force sensor and then with the cart at the starting line, lightly push the cart and immediately start recording data. Stop recording data when the cart passes the 1 m finish line. What can be determined from the data? Record your observations in Table 2.
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1. [bookmark: _Refd22e241][bookmark: _Tocd22e241]Start a new experiment and make sure your force sensor is connected to your device.
2. Select both Force and Acceleration X. Select the Line Graph display [image: ]. You should have two graphs representing Force and Acceleration X.
3. Use a meter stick or other measuring device to create a track that is 0.5 m in length. Set 0 m as the starting line and 0.5 m as the finish line.
4. With the cart at the starting line, zero the force sensor and begin recording data. Firmly grasping the hook of the force sensor:
a. [bookmark: _Refd22e264][bookmark: _Tocd22e264]Quickly push the cart to the 0.5 m line.
b. Pause for 5 seconds.
c. Quickly pull the cart back to the starting position.
d. Pause for 5 seconds.
e. Quickly push the cart back to the 0.5 m line.
5. Stop recording data.
6. Repeat steps 4 - 5, but this time, use a greater force by pushing and pulling the cart more quickly.
7. Save the experiment as Force and Acceleration, or according to your teacher's directions. Using this data, recreate the graphs of both runs. Graph 1: Force versus time and Graph 2: Acceleration versus time. Make sure to label the x and y axes, use proper units, and create a scale. Additionally, create a key for Run 1 and Run 2.
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[bookmark: _Refd22e315][bookmark: _Tocd22e315][bookmark: _Numd22e315]Table 1: Cart at rest
	Predictions Before Recording Data
	Actual Data Collected

	Force (N)
	
	Force (N)
	

	Acceleration (m/s2)
	
	Acceleration (m/s2)
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	Predictions and Reasoning Before Recording Data
	Actual Data and Observations

	
	





Graph 1: Force versus time
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Graph 2: Acceleration versus time
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1. Using evidence from Table 1, how did your prediction match up the actual data collected?

2. Using evidence from Table 2, how did your prediction match up to the actual data collected?

3. Using evidence from Table 1 and Table 2 actual results, explain Newton's first law of motion in your own words.

4. How did the acceleration of the cart change as you increased the force of your pushed and pulls?

5. Using data from Graphs 1 and 2, describe the relationship between force and acceleration (Newton's second law).
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