Groucho’s Sign Shop Activity – Instructor Notes
This activity was designed to illustrate the concept of force as a vector and force equilibrium in a real-life context.  The lab was originally used as an introduction to force vector equilibrium:  the students were familiar with velocity and acceleration vectors, but had not seen vectors applied to forces.  In the lab, students collect data and are guided toward the conclusion that the forces must add like vectors.
Equipment Set-up:

See the equipment setup page included in the lab handout.  It is crucial that the force sensors are aligned with the ropes as shown below:







INCORRECT!
CORRECT!
Important Notes:

· The instructions for use of the LabPro and force sensors are quite explicit.  If students are already familiar with LabPro system it may be advisable to shorten the instructions.
· This lab proved to be time-intensive for a 50 minute period.  It is worthwhile to make sure the students have DataMate application installed before the period starts.

· It is possible to prove why a sign will not hang level with ropes at different angle from the corners by summing the moments acting on the sign.  Since the class this activity was designed for does not cover rotational kinetics or kinematics, this aspect was left as a qualitative experiment.

· A pre-test and post-test are included to assess student learning.  A worksheet covering the same topics is included in another file (Vector Force Worksheet).
· The model signs were cut from 1/8” and 1/4” steel plates.  The students should find the exact mass of their sign with triple-beam balances or using a single force sensor to measure the weight.

This activity was developed by Curtis Voss, GraSUS Undergraduate fellow, and Jerry Christiansen, West Fargo High School Physics instructor.  The Graduate Student-University-School (GraSUS) Collaborative for Science, Engineering, and Technology is funded by National Science Foundation GK-12 Program Grant DGE-0338128 to North Dakota State University.

Groucho’s Sign Shop

Introduction

Groucho is an artist.  He creates signs for other businesses that are eye-catching and powerful.  He started small making a few signs in the basement of his home, but now his business has grown and he has moved to a new downtown location.  Using his best artistic abilities, Groucho painstakingly makes a large sign to hang in front of his new store.  Unfortunately, Groucho is not an engineer.  As he goes to hang his sign, he realizes he does not know the best way to hang it, so he calls you.

Here is Groucho’s problem:  He has a 5 kg sign as shown below.  He also has two pieces of plastic chain with a break strength of 40N.  He needs you to determine how to hang the sign.
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First, you need to identify the problems involved in hanging a sign.  To get started thinking, take the pre-test.

Groucho’s Sign Shop

Pretest

1. Circle the cases below which are possible:
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2. For each case you circled above, compare the magnitude of the force in ‘a’ and ‘b’ (<,>,=):

1. a__b


4.
a__b

2. a__b


5.
a__b

3. a__b


6.
a__b

3. Rank the possible cases according to the TOTAL force in both ropes (i.e.  a+b).  Write them below from Greatest to Least.

4. Can you think of a way that would result less total force than any of those shown above?  Sketch your idea below.

Groucho’s Sign Shop

Lab

In order to determine the best way to hang the sign, you decide to test the methods in the lab.  To make things simple, use a 500g model of the sign.

Try each of the setups presented on the pretest and record if it is possible, the force in each rope (don’t forget your units!!), and any observations.  Remember, the sign must hang level!

Equipment:


2 ringstands
2 90o clamps


1 LabPro data collection unit
2 1kg weights


2 Force Sensors
2 pieces of string


2 paper clips
1 model sign


1 graphing calculator

Procedure:  (see setup illustration)

1. Place two ringstands (without rings) on counter with bases pointed away from each other and space between stands.

2. Attach one 90o clamp to each ringstand near the top.

3. Place one rod that comes with force sensor into each 90o clamp, slide force sensor onto each rod.

4. Plug the left sensor into “Ch. 1” on the side of the data collection unit.
5. Plug the right sensor into “Ch. 2” on the side of the data collection unit.
6. Snap a Texas instruments graphing calculator unto the data collection unit and connect with short, double-male cord.
7. Turn calculator on and press “Apps”.
8. Go down to “DataMate” and press “Enter”.
9. There should be two lines at the top of the screen displaying the force for Channel 1 and Channel 2.  If either channel is displaying “999.99” move the switch on the sensor between 10N and 50N; be sure to end on 10N.
10. Press ‘1’ on the number keypad to enter the setup menu.
11. Select the “Zero” option from the bottom of the screen by pressing the ‘3’ on the keypad.
12. Press ‘3’ for all channels.
13. Make sure both sensors have the hooks pointing straight downward and press “Enter”.
14. Unbend paper clip to form an S-hook, tie string onto one end of each hook.  Tie other end of string to force sensor hook.

15. Attach the paper clip hook to the sign and replicate the desired cases.  THE SENSORS MUST BE TURNED SO THE HOOK IS IN LINE WITH THE STRING!
16. Record necessary data.
17. Check the sensors when unloaded to make sure they do not show a force (or the force is less than 0.1N).  If a larger force appears, repeat steps 8-10 to re-zero the sensors.
18. Record the sign weight.
Continue with the analysis portion of the lab.

Groucho’s Sign Shop

Setup Illustration
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Groucho’s Sign Shop

Data Sheet

Sign Weight:__________
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Groucho’s Sign Shop

Lab

If you have time left over, try other ideas (like the one you thought of on the pretest) and record the data.


Groucho’s Sign Shop

Lab Analysis

Sign Weight:___________

For possible cases, calculate the total force in rope ‘a’ and rope ‘b’ and write the total below:

	
	a+b

	1.
	

	2.
	

	3.
	

	4.
	

	5.
	

	6.
	

	7.
	

	8.
	

	9.
	


Table A

The total weight in each case is the same, yet you can obviously see there is a great difference in the total force in the ropes.  Write down your ideas about why this is happening.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

For each case that was possible, write the force in rope A and rope B as a vector components:

	
	a
	θa
	ax
	ay
	b
	θb
	bx
	by

	1.
	
	
	
	
	
	
	
	

	2.
	
	
	
	
	
	
	
	

	3.
	
	
	
	
	
	
	
	

	4.
	
	
	
	
	
	
	
	

	5.
	
	
	
	
	
	
	
	

	6.
	
	
	
	
	
	
	
	

	7.
	
	
	
	
	
	
	
	

	8.
	
	
	
	
	
	
	
	

	9.
	
	
	
	
	
	
	
	


Table B

Look at the values of ax and bx, is there a pattern?  How about ay and by?  Is it the same pattern?  Try to explain your findings.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Groucho’s Sign Shop

Lab Analysis

Based on your experimentation, you are now ready to make a recommendation to Groucho.  Sketch the setup you recommend below (it does not have to be one of the examples from the pre-test) and write a few sentences explaining why it is the best choice.  Show any calculations to support your decision.

Groucho’s Sign Shop

Post-Test

1. On the signs below, draw four ways to connect the ropes so the sign will hang level.  At least one method must attach the ropes at the corners and at least two methods must use different rope angles (non-symmetrical).

2. Draw three ways to hang the sign so one method has same force in both ropes and two methods have unequal force.  Identify which rope has greatest force.


3. Assuming all of the signs below are hanging level, rank the cases according to the force in the ropes from GREATEST to LEAST.






(a)
(b)




(c) (d)


_____     _____     _____     _____


Greatest
Least
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80o








1.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________


	


2.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________





3.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________





4.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________





5.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________





6.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________








b





b





b





b





b





b





a





a





a





a





a





a





65o





45o





85o





30o





50o





50o





50o





80o





80o





80o





80o





80o





80o





80o





80o





80o





50o





50o





50o





45o





65o





30o





85o





a





a





a





a





a





a





b





b





b





b





b





b





	(2.)					 (2.)				         (3.)





	(4.)					 (5.)				       (6.)
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o





o





o





o





o
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30





30





45





45





90





90





75





75
































7.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________


	


8.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________





9.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________





10.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________





11.	Possible (Y/N)_________


	Force in ‘a’____________


	Force in ‘b’____________


	Observations___________


	_____________________


	_____________________








o








