
Appendix 
Note to Instructors
Note to the Student and Instructor:  Although there is a lot of information in the following slides, most of them have color pictures of the apparatus, screen shots of the computer data acquisition, diagrams, spreadsheet tables, and graphs.  We have tried to reduce the amount of text only information and make it so students (and instructors) have a more informative and pleasant learning experience than in previous versions of this experiment.  
The actual amount of data taking and measurements you have to do for this lab has been greatly reduced from previous years in order for students to be able to complete the entire lab, including report, in a 2 hour and 50 minute lab period.  It involves obtaining 6 data points for a single spring of one color for static measurements, and 9 data points for the same color springs in different configurations using the dynamic method.  A total of 15 data points involving 4 different experimental situations.  
Due to a lack of standardized data taking procedures and poor computer data acquisition file design in years past, the vast majority of students got very poor quality data, often with gross errors associated with incorrect computer data acquisition procedures associated with the use of the photogates and software.  An extensive, step by step, standardized procedure has been developed, which if followed, will greatly improve the quality and accuracy of the results and speed up the data taking. 	 
An improved Logger Pro .cmbl data acquisition file has been developed that eliminates time consuming and tedious manual counting and averaging of oscillation periods that had to be done previously, eliminates previous frequent factor of 2 period measurement errors, and also gives a quick display of all the periods to check for uniformity and to immediately see if the data is contaminated by spurious lateral (swinging) oscillations.    

Similarly for the data analysis.  In previous years, students had to waste precious lab time trying to come up with an Excel spreadsheet to perform calculations and plot graphs.  The majority of students are not familiar with the use of a computer spreadsheet, like Excel, which led to many errors associated with not properly selecting columns to make plots or performing elementary calculations correctly.  Even for those few students that have some experience with Excel, this required too much time just to make the spreadsheet.  The vast majority of students got results in gross error, and did not finish the dynamic measurement and calculations of springs in parallel or series.
To make matters worse, the lab writeup previously assumed the ideal form of Hooke’s law, which does not apply to extension springs, thus giving results in further error.  The treatment has been corrected to use the modified Hooke’s law, which includes the initial spring tension present in all real extension springs.  
Therefore a standardized spreadsheet file has been developed to perform all calculations, least square fitting procedures, and automatic graph plotting, all you have to do is take the measurements carefully and enter your data points in the correct cells for each Excel tab, and then copy the tables of least square fit values, results, and graphs into your lab reports.   	 
This greatly speeds up the lab and allows students to focus on the physics of the situation and spend some time writing up a thoughtful discussion of a few questions, results, and a quantitative conclusion/summary. 
There are a few questions about the experiment at the end of this presentation on the last slide which should be answered as part of your lab report.   The student should read and think about the answers to these questions before coming to lab
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According to Shigley and Mischke [3] the initial force of a spring is created during the   winding process by twisting the wire as it is wound onto a mandrel. When the spring is removed from the mandrel, the initial force is locked in because the close-wound spring cannot get any shorter.  It is of interest to investigate the relation between the initial force and the stiffness of the spring.
Shigley J E and Mischke C R 1989 Mechanical Engineering Design 5th edn (New York: McGraw-Hill) pp 415–6, p 418
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Parallel Hook bar (lower)
	 	 

Photogate used in the experiment.  Bottom side shown compared to other slides.
https://www.vernier.com/manuals/vpg-btd/
Pulse Timing
[image: ]
In this mode, a measurement from when a photogate gets blocked to when it gets blocked again will be recorded.
Pendulum Timing
[image: ]
Pendulum Timing mode uses a photogate connected to an interface. The timing begins when the photogate is first interrupted. The timing continues until the photogate is interrupted twice more, so that you get the time for a complete swing of a pendulum or other oscillating object.
For a good discussion of these issues, see “Photogates: An instrument evaluation,” Eugene P. Mosca and John P. Ertel, Am. J. Phys. 57 (9), 840–844 (1989).
A more comprehensive tutorial can be found in the following documents:
	Logger Pro Introduction to the Vernier Photogate 	 

Pulse Timing method is being used in the Logger Pro  file Spring_Timer.cmbl.  Avoids problems with 2 triggers  per period required in the Pendulum method. 
Note y is positive up on this  
 

Diagram.  y positive down is 
The convention chosen in this Experiment.  The spring only extends in one direction, and that is down here.
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Abstract

In basic physics laboratories, springs are normally used to determine both spring constants
and the Earth's gravitational acceleration. Students generally do not notice that the spring
constant is not a universal constant, but depends on the spring parameters. This paper
shows and verifies that the spring constant in the linear range is inversely proportional to
the number of windings and to the cube of its effective spring diameter. The linear range is
taken in the region of force greater than a minimum value which is referred to as the initial
torce Fiy. The relationship between initial force Fy and spring constant is still unclear.
Shear modulus and Young's modulus of the spring material can then be calculated using

the spring constant.

Introduction

Springs are used in many tools, such as in
weighing scales, spring beds and writing pens.
Springs are also used in cars and motorcycles as
suspension systems.  In physics laboratories, it
15 a common experiment to determine the spring
constant and the Earth’s gravitational acceleration
using a spring [1].

Hooke's law of elasticity states that the
extension x of a spring within its elastic limit is
in direct proportion to the force applied to it. The
restoring force F, generated by the spring can be
expressed as

F,=—kx. (1)

The proportional constant & is called the spring
constant.  The spring constant is a measure of
the stiffness of the spring, where the higher the
value of &, the stiffer the spring [2]. We often do
not notice that & is a function of something. The
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spring constant is related to the elastic modulus
of the spring material and spring parameters, such
as wire diameter, outer spring diameter and the
number of windings. It is known that for a
helical spring consisting of N windings with wire
diameter & and outer spring diameter 2, the spring
constant & is given by [3]
G d?

k= ——mm. 2
8D —dy¥N (2)

The relation between shear modulus &, Young's
modulus E, and Poisson's ratio & is shown below.
E
T 2Alto)
Therefore, equation (2) can also be written as [4]
o Ed*
16(1+ oD —dPN~

(3)

There is also another formulation similar to
equation (2) but with a cormrection factor [5].
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6.5.4 Extension Spring Dimensioning

The dimensioning shown in Fig. 6.22 1s generally accepted for extension springs. The
free length 1s the distance between the inside surfaces of the loops. The body length
is Ly=d(N+1). The loop opening, or gap, can be varied. The number of active coils
1s equal to the number of coils in the body of the spring. However, with special ends
such as threaded plugs or swivel hooks, the number of active coils will be less than
the number of body coils.

6.5.5 Design Equations

The design equations are similar to those for compression springs with the exception
of initial tension and loop stresses. The rate 1s given by

P-P Gd*
= "o (624)
where P;1s initial tension. Stress 1s given by
S= % (6.25)
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FIGURE 6.22 'Typical extension-spring dimensions. (Associated Spring,
Barnes Group Inc.)
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The design equations are similar to those for compression springs with the exception
of initial tension and loop stresses. The rate is given by

P-P, Gd*
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TABLE 6.1 Typical Properties of Common Spring Materials

Young's Modulus of Electrical Sizes Normally | Typical]  Maximum
Modulus E (1) | Rigidity G (1) . Conduc- ‘Available (2) Surface | Service Temper.
Comiran e MPa el MPa | psi | Demsity® | g | Min, Max, | Quality|  ature (4
10° 10° 10° 10° [glem® gb/in’) | %TACG| mm Gn) |mm (n) | @) | °C °F
Carbon Steel Wires:
Music (5) 207 | o 793 | 119 [786 ©288) | 7 10100.004| 6350.250)| a 20 250
Hard Drawn (5) 207 | GO 793 | 119 [786 84 | 7 10130096 (0.625] c 150 250
il Tempered 7 | 3o 793 | 015 (78 080 | 7 os0000fs 069 150 300
Valve Spring 207 | G0 793 | (13 | 786 0284 | 7 13 00506350250 a | 150 300
Alloy Steel Wires: | ]
Chrome Vanadium 07 | @0 793 | (119 | 7.86 (0.284) 0500020011 (0435 ap | 20 425
Chrome Silicon 207 | G0 793 | (115) [ 786 ©0.284) | 5 | 05000200 9.5 (0.375) ab | 245 475
Stainless Steel Wires: |
Austenitic Type 302 1w ey 60 | 10) |792 0286 | 2 O3 b | 260 500
Precipitation 03 | @9 758 [ an |78 028 | 2 ©500 b | 315 600
Hardening 17-7 PH |
NiCr A286 w0 | @ 717 | 104|803 0290 | 2 ©200) b | 510 950
Copper Base Alloy Wires:
Phosphor Bronze (A) | 103 | (1) a4 | 63 |88 0220 | 15 ©.500| b 95 200
Silicon Bronze (A) 03| 386 | (56) 853 0308 | 7 505000 b | 95 200
Silicon Bronze (B) | oan a1 | 64 |875 @316 | 12 s @0 b | o5
Beryllium Copper 128 | (85 | 483 | (7.0 826 (0.298) | 21 5 0500 b | 208
Spring Brass. CA260 10 | (6 420 | 60 |85 0308 | 17 5 0.500)] b 95 200
Nickel Bage Alloys: |
Inconel® Alloy 600 as | an 758 | an |843 0309 | 15 ©s0| b | 320 700
Inconel Alloy X750 as | an 793 | (15 [825 ©0.298) | 1 ©s0m b | 55 1100
pan-C* 86 | @) 629 | ©7) 814 0294 | 16 ©.500)| b 95 200
Mond® Alloy 400 7 | 28 62 | (9.6) 883 0319 | 35S O b | 20 450
Monel Alloy K500 9 | e 62 | 9.6 |846 (0.306)| 3 O35 b | 20 500
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Carbon Steel Strip: { |
AIST 1050 07 | @y 93 786 ©.284) | 7 025001003 ©.129] b 95 200
1065 07 | GO 793 786 (0.284) | 7 0080003)|3 (0125 b | 95 200
1074, 1075 207 | GO 3 786 (028 | 7 008(0003| 3 (0129 b | 120 250
1095 207 | GO 793 786 ©0.284) | 7 00800033 .12 b | 120 250
! |
Stainless Steel Strip: | |
Austenitic Types 9o ey 6.0 | 10 792 0286 2 | 0.08(0.003)| 1.5 0063) b [ oo
301, 302 |
Precipitation 03 | e | 758 | an |78 02| 2 00800033 ©29 b | 30 700
Hardening 17-7 PH |
Copper Base Alloy Strip:
Phosphor Bronze (A) | 103 | (15) Pl ©3) 886 03200 IS 0.08(0.00| 5 (©.188)f b 95 200
Beryllium Copper 28 | 85 |48 7.0) |8.26 (0.298) | 21 0.08 0003)| 9.5 (0379 b | 205 400
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FIGURE 6.18 Load-deflection curve for a helical extension spring with
initial tension. (Associated Spring, Barnes Group Inc.)
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Figure 1. Plot of extension against the applied force
on a close-wound spring (outer diameter:

2.54 x 1072 m; wire diameter: 8.0 x 10~* m; number
of windings: 40).
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