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Newton's 2nd Law

(and the acceleration of a lab cart)

Objectives

· To sum vector forces on a system of objects and solve for the resulting acceleration.

· Experimentally verify the acceleration. 
Introduction

Newton's second law states that the acceleration of an object is proportional to the total (vector sum) force applied, and inversely proportional to the mass of the object.  In equation form,
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This means that if we double the force applied to an object, then the acceleration will double.  Likewise, if we double the mass of an object, using the same force, we would expect the acceleration to halve.

(See Pre-lab Question 1)
Newton's second law is usually written as
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where the summation means the vector sum of all forces applied to the object of mass m.
As an example, consider two forces acting on an object:  Bill and Bob are pushing on a frictionless crate with forces 300N and 400N, respectively.  If the mass of the crate is 50kg, what will be the acceleration?  We start by assigning a coordinate system; let's call [image: image1.wmf]m
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“toward the right" the +x direction.  
Then using Newton's second law and inserting the given information, we can solve for the acceleration:
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We find a negative acceleration 
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, indicating that the crate will move to the "left".
(See Pre-lab Question 2)
Often, we will be interested in a system of interconnected masses.  Newton's 2nd law still applies, albeit individually to each mass.  For example, consider two masses, m1 and m2, connected by a light string and a light, frictionless pulley.  Find the acceleration.[image: image22.wmf]300N

400N


Firs[image: image23.wmf]m

1

m

2

+x

t, we assign a coordinate system.  Usually we can choose the assumed direction of motion as the positive direction.  (If you don't know which direction, then guess!)  In diagram at right, we’ve chosen the +x direction to be "up" for m2 and "down" for m1.

Next, we examine all forces acting on each object.  For m1, there is tension in the string, T, and its weight, 
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.  The other mass has a similar set of forces.  (Since we assume that the string does not stretch and that the pulley is mass-less, the tension in the string and the acceleration are the same for both masses.  That is, we don’t have to worry about the possibility of two accelerations, a1 and a2.)  It often helps to draw a free body diagram for each object.  This makes it easier to correctly fill in Newton's 2nd law for that object.
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From these two equations, we can now eliminate T and solve for the acceleration, a.

(See Pre-lab Question 3)

(See Pre-lab Question 4)
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PRELIMINARY (Pre-lab) Questions – Acceleration on a Ramp
Name, course and lab section:  _____________________________________

Pre-lab question 1:  
a)  Bob pushes [image: image26.wmf]2F
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on a friction-less cart and the cart has an acceleration of 8 m/s2.  If Bill pushes twice as hard on an identical cart, what will be the acceleration?

b) If Joann pushes half as hard as Bob, on a cart with half the mass, what will be the acceleration?

Pre-lab question 2:  
Bill and Joann tug on a frictionless wagon having mass 20kg.  If Joann is pulling with 120N of force, and the crate has an acceleration of 1.5m/s2 in the [image: image28.wmf]120N

direction of Bill, how hard is Bill pulling in the opposite direction?

PRELIMINARY (Pre-lab) Questions – Newton’s 2nd Law (Cont.)

Pre-Lab question 3:  
Consider the system of equations for the two-masses-and-a-pulley scenario on Page 2.  
a) Solve for the acceleration in terms of the masses and the gravitational acceleration; i.e. find the function a(m1,m2;g).
b) If, m1=4kg and m2=10kg, what is the acceleration?

c) Given the mass values above, what is the tension in the string?

Pre-lab question 4:  
In each of the situations below, the masses all have a weight of 10 Newtons.   The pulleys are frictionless and the masses are not moving.  Indicate what the scale will read in each situation.
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PRELIMINARY (Pre-lab) Questions – Newton’s 2nd Law (Cont.)

Pre-lab question 5:  
Consider the horizontal cart-and-pulley scenario (part 1) on Page 8.
a) Assign a single coordinate system for both objects, then draw a separate free body diagram for each object.  Identify (neatly draw) all forces on each object.
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b) Fill out the equations for Newton’s 2nd law for each object.  You only need to consider forces acting in the direction of motion.
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c) Using the respective equations from (b), write expressions for the tension in the string:

T(a,g,mW)= 





T(a,g,mC)= 
d) [image: image30.wmf]Solve the pair of expressions from (c) for the theoretical acceleration:
PRELIMINARY (Pre-lab) Questions – Newton’s 2nd Law (Cont.)
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Pre-lab question 6: 

Consider the inclined cart-and-pulley scenario (part 2) on Page 10.

a) Assign a single coordinate system for both objects, then draw a separate free body diagram for each object.  Identify (neatly draw) all forces on each object.  As a start, the force of gravity has been drawn on the cart:
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b) Fill out the equations for Newton’s 2nd law for each object.  You only need to consider forces acting in the direction of motion.
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c) Using the respective equations from (b), write 2 expressions for the tension in the string:

d) Solve the pair of expressions from (c) for the theoretical acceleration;

Lab Report – Newton’s 2nd Law

Name, course and lab section:  _____________________________________

Partners: ________________________________________________________

Materials:

	Computer
	Pasco air track with accessories

	Vernier computer interface
	Masking tape

	Logger Pro
	Ruler

	Vernier Motion Detector
	Smart Pulley, Thread
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Acceleration measuring devices (may be mandated by setup):
Option 1: Motion detector – as in the previous lab.

Option 2: Smart Pulley and Photogates – described below.

[image: image20.png]Recall the operation of the photogate device. An infrared signal propagates from one end of the photogate
to the other. The associated Logger Pro® software records the duration of time the signal is interrupted
by an opaque object. With a priori knowledge regarding the dimensions of the object that interrupts the
signal, we can determine the relative position and average velocity of said object as it passes through the
photogate. A special measuring tool can be constructed by coupling a photogate with a 10-spoke pulley.
Known as a “Smart Pulley,” the spokes interrupt the infrared signal of the photogate as it rotates, thereby
allowing for the calculation of relative distance, “instantaneous” velocity and acceleration of the rim of the
pulley.




[image: image21.png]Software Setup
e Open Logger Pro® software by clicking the respective icon on the desktop.

e From the menu bar, select “Experiment” — “Set Up Sensors” — “Show All Interfaces” and click on
the photogate image that is located to the right of the respective channel to which it is connected.

In this pull-down menu, make sure that “Motion Timing” is checked. Then click on “Set Distance or
Length.”

e Select the “Ultra Pulley (10 Spoke) In Groove” and click OK. This informs the computer about
the distance the pulley rotates between signal interruptions and allows for accurate measurement of
position, velocity and acceleration.

e Close out of the “LabPro: 1”7 window by clicking on the X, the software is now ready to take data.

Hardware Setup

e Using a level, make sure the air track is horizontal. Adjustments can be made to the feet (thumb
screws), located at one end of the air track.

e The location of the pulley may be adjusted to orient the tension vector associated with the string.
e Turn on the power supply to the air source, making sure it is set between 3 — 4.

e Click the “Collect” button on the GUI and release the cart to begin measuring the position, velocity
and acceleration of the cart.

e Use the “Curve Fit” feature of the software to determine the acceleration of the cart (as we did in the
1% lab).




Part 1: Horizontal plane.

Theory 1:

A light string connects a cart and weight.  The weight falls under the influence of gravity, pulling the cart over a frictionless pulley. [image: image34.wmf]14

 Call the masses of the weight and the cart mW and mC, respectively.
(See Pre-lab Question 5)
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Procedure 1:
1. Start with substantially more mass added on the cart (about 100g) than on the hanger (about 30-40g, made up of small mass units of 2g, 5g, 10g, possibly 20g). You will be reducing the hanging weight through a series of trials by transferring masses from the hanger onto the cart (keeping the total mass of the system the same). This first trial will involve the largest acceleration (the largest hanging mass) of all of your trials, so it’s a good idea to make sure that in this initial acceleration is manageable.
2. Use motion detectors (or smart pulley – as set up) and the computer program to measure the acceleration of the cart (see discussion above on acceleration measurement). 
3. Transfer some mass from the hanger to the cart, so that the total mass of the cart + hanger stays the same.  (This is why you need small pieces of mass units in #1).  Repeat step 2.  Transfer & repeat until you’ve filled the data table with a total of 5 trials.
Data table for acceleration of a lab cart on a horizontal surface. 
mC + mW =
	mC
	mW
	Applied Force to the system = mwg
	a theoretical
	a measured
	percent difference

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


4. Construct a graph of Force vs. acceleration. (y vs. x) in Graphical Analysis.  Include the graph and relevant analysis with your lab report.  
5. Interpret the slope and y-intercept (if applicable) using your pre-lab work.
6. Include a sample error calculation. What are possible sources of error?
7. State briefly and precisely - what did you explore in this portion of the lab and what did you find and learn.

Part 2: Inclined plane.

Theory 2:

A light string connects a cart and weight.  The weight falls under the influence of gravity, pulling the cart over a frictionless pulley.  Now the cart is moving [image: image36.wmf]300N

400N

on an inclined plane.

(See Pre-lab Question 6)
Procedure 2:

Set the plane on a stack of books and measure the inclination angle, which will remain the same throughout Part 2.  Don’t even think about using a protractor.  Use trig.  Record your work:
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Use the computer program to measure the acceleration of the cart on the incline. Do this for two different combinations of some angle, mc and mw.  You should find the percent difference between the measured and theoretical accelerations as before.

Data table for acceleration of a lab cart on an inclined surface.

mC + mW =

	mC
	mW
	Applied Force to the system = mwg
	a theoretical
	a measured
	percent difference

	
	
	
	
	
	

	
	
	
	
	
	


As you did before, construct a graph of Force vs. acceleration. (y vs. x) in Graphical Analysis. Include the graph and relevant analysis with your lab report. 
1. Interpret the slope and y-intercept (if applicable) using your pre-lab work.
2. Include a sample error calculation. What are possible sources of error?
3. State briefly and precisely - what did you explore in this portion of the lab and what did you find and learn.

Part 3: Inclined plane - determining the angle using Newton's law

Theory 3:

Look back at your pre-lab work on the inclined-plane scenario.  How could you determine the angle of the incline by manipulating and measuring only the masses mC and mW? 

Derive the relationship between the angle and these two masses for the situation where the forces are balanced and both masses are at rest. 

To verify your result we will manipulate masses, rather than the angle.

For a given inclination, and given mc (mass of the cart), determine the mw (mass of the hanging weight) necessary to balance the forces on the cart (and the system). Use your formula derived above. Show your work:

Procedure 3:

Now find experimentally the necessary hanging mass to balance the cart.

Then find the percent difference between this measured mw and predicted mw.  Record these results in the table below.
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Data table for a cart in equilibrium on a frictionless incline plane.
	Angle
	mW predicted
	mW measured
	percent difference

	
	
	
	


Briefly state your conclusion related to this procedure.
Discussion/Conclusions/Summary:

State clearly and precisely - what did you explore in the lab and what did you find and learn. 

Elaborate on at least one possible daily life application of the explored concept and the findings. 
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Problem solving strategy for Newton’s 2nd law.


Assign a coordinate system. It should be self-consistent for systems of masses.


Draw a free body diagram for each mass.


Apply Newton’s law independently to each mass. If the motion is two dimensional, you will have two equations for each mass.  


Solve the equations for the desired quantity.
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a = 





a = 
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CAUTION!! Use care not to scratch or nick the upper surfaces of the track (those containing the air holes.) Any protrusion on this surface may impede the motion of the glider.
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