PHYSICS
PHYSICS 020 LABS5: Newton’s Second Law 2 hours

INTRODUCTION:

The general definition of the net force acting on a mass is given by the following equations:

fnet = Z f

F,.: = m-a where a is relative to a stationary observer

If two initially stationay masses are connected by an unstretchable string around a fixed
pulley as shown below, and the system is free of friction, then the net force acting on the
system is due to gravity pulling on m2 downwards only and is such that the pulley will turn
clockwise. Given m1 and m: are connected by an unstretchable string, a tension is created
between the masses and the net force has to pull both mi and m2, which affects the
acceleration of the system. The magnitude of net force acting on such a system of masses
would then be given by the following equations:

Free =my - g

Fhet = Mg - A
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If the masses are each initially stationary and move through a given distance d in a time t,
then the constant acceleration a of the masses can be calculated using:

1
d==-a-t?
2 a



OBJECTIVES:

e To determine the Experimental Total Mass and compare it to the Accepted Total Mass
for two different Fletcher’s Trolley set-ups.

% Error <10 % for each setup

APPARATUS:

1-Pasco Track

2 - Pasco Track stands

1 - Photo gate-timer (Pasco)

2 - Photo gates (Pasco)

1 - Set of weights (total mass of 40 g)
1 - Iron mass

Electronic balance (one per class)
String

Safety knife (one per class)

1 - Pulley

1 - Picket fence

Microsoft Excel or similar program

THEORY:

If a Fletcher’s Trolley experiment is such that mi (cart and added mass) and mz (hanging mass)
vary, while mrotal (total mass) stays constant, then net force (Fnet) and the acceleration (a) will
vary (depending on mz). If m: is large, then the net force and acceleration will be large, and if m2
is small, then the net force and acceleration will be small.

This lab uses a set of 40 g weights (10 g¢ mass holder + 10 g weight + 20 g weight), so that mz can
vary between being 10 g, 20 g, 30 g or 40 g, while the remaining weight(s) are in the cart, so that
the total mass remains constant!

If the Net Force vs Acceleration is plotted, the data will be fairly linear with the slope of the Line
of Best Fit (Trendline) being equal to the constant Experimental Total Mass, which can then be
compared to the Accepted Total Mass.

Fpet = Mrgiy -a (Linein y = m - x form)

% Error = |Experimental my,;, — Actual myyeq| £ 100 %
0 — 0
Actual myyq




PROCEDURE

PART A:

1.  Record the mass of the cart in g in the Initial Data Table provided.

2.  Attach the two laser gates to the track. One gate is connected at the 80 cm mark,
and this gate is connected to the Pasco photo gate time in port one. The second gate
is connected to the track at the to the 30 cm mark, and is connected to the second
port on the Pasco photo gate.

3.  Adjust pulley at the 0 cm mark on the end of the track, and attach the stands to
each side of the track. Adjust the stand so that is slopes a tiny bit toward the pulley.
This will help negate the friction in the system. If you place a cart on the track, give
it a small push and it moves across at a constant velocity then track is positioned

properly.

4.  Plug in the power cord to the Pasco Gate timer. Click the red button once to set
time. Click the blue button three times to bring up two gates. Click the black button
once and you will see an “*” on the screen. This means the system is ready to record.
For each run you just need to hit the black button once for it to be ready to record.

5.  Attach the string to the cart, and hang the string over the pulley with the 40g weight
attached to the other end (ie. mz = 40 g). Place the cart, with the picket fence attached to
it, just before gate #1, release and record the time for it to pass through the second gate.
Do this a total of 3 times and record the measurements in the Initial Data Table
provided.

6. Repeat Step 5, using 30 g attached to the hanging string. That is, change m2 =30 g and
place 10 g in the cart, so that total mass remains constant.

7. Repeat Step 5, using 20 g attached to the hanging string. That is, change m2 =20 g and
place 20 g in the cart, so that total mass remains constant.

8.  Repeat Step 5, using 10 g attached to the hanging string That is, change mz2 =10 g and
place 30 g in the cart, so that total mass remains constant.



9. Create a Microsoft Excel Scatter Plot of Net Force vs Acceleration (Fy.; = My, " Q) -
Add a Linear Trendline. Display the Equation on the Chart. Ensure the y-int is set to 0.
The equation will be of the form y = m - x where the slope is the Experimental Total
Mass in kg. Given the y-intercept should be zero, ensure to set the intercept using the
Format Trendline dialog box as shown below.
Format Trendline e
Trendline Options
Ny 'l
L
| Set Intercept
| Display Equation on chart
10. Record the slope of the Trendline as the Experimental Total Mass in kg precise to the nearest
gram in the Final Results Table.
11. Create a title section named: Calculations and show sample calculations for Part A.
12. Complete the Final Results Table provided for Part A. State all quantities precise to three
significant digits.
PART B:
13. Place the iron mass in the cart. Record the new mass of the cart in g in the Initial Data Table.
14. Repeat Steps 5 to 12 for Part B. (Part B calculations can be under the same general
title of Calculations.
15. Compile and submit your completed lab to your instructor by the due date. No

conclusion is needed for this lab!
Your completed lab should contain:
Initial Data Tables for Parts A and B
Calculations for Parts A and B
2 Separate Microsoft Excel graphs of Net Force vs Acceleration (one for each Part)
Final Results Tables

See your lab instructor for a more detailed format for the completed lab submission.



Initial Data Tables

Note: For the online course, use the Data Set Number provided to you to complete the Initial
Data Table and complete the lab.

Data Set Number =
Part A: Total Mass is Constant

Mass of Cart =

Actual Total Mass =
d =
Mass Mass on Time of run
in string (s)
Cart m2
(® (@
Run 1 Run 2 Run 3
0.0 40.0
10.0 30.0
20.0 20.0
30.0 10.0

Part B: Total Mass is Constant

Mass of Cart =
Actual Total Mass =
d=
Mass Mass on Time of run
in string (s)
Cart m2
(@ (®
Run 1 Run 2 Run 3
0.0 40.0
10.0 30.0
20.0 20.0
30.0 10.0




Calculations:

Show a “sample calculation” for each calculation in Part A and a “sample calculation” for each
calculation in Part B.

Determining Actual Total Mass

Myorqr = Mq + M,

Determining Average Time

t_(t1 + ty + t3)
N 3

Determining Acceleration

Determining Net Force

Free=my - g

Determining Experimental Total Mass

Mmrtotal = slope of “Fnet vs a” where Fop = Mg - A

Determining % Error for Total Mass

% Error = |Experimental my,;q — Actual myyeq| +100 %
0 — 0
Actual myyq




Final Results Tables

Data Set Number =

Part A:

Mass on
string
m2
(kg)

Average
Time

)

Acceleration
(m/s?)

Net Force
N)

0.0400

0.0300

0.0200

0.0100

Slope of Fnet vs a =

Actual Total Mass =

% Error =

Part B:

(Experimental Total Mass)
(Actual Total Mass)

Mass on
string
m2
(kg)

Average
Time

)

Acceleration
(m/s?)

Net Force
N)

0.0400

0.0300

0.0200

0.0100

Slope of Fnet vs a =

Actual Total Mass =

% Error =

(Experimental Total Mass)
(Actual Total Mass)
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