PHYSICS

Determining the spring constant of a spring
Aim:

The purpose of this investigation is to derive the spring constant — a measure of stiffness — of a
particular spring by conducting two different experiments, after which the results of both procedures
are compared and any uncertainties are accounted for.

Theory:

The spring constant or stiffness of a spring, given as k, is a measure of the resistance offered by an
elastic body to deformation: a greater value for k signifies a “tighter” spring, one that is more
resistant to being stretched, whilst a smaller value of k implies that the spring is more easily
stretched. Hooke’s law, a law of elasticity discovered by Robert Hooke in 1660, states that, for small
deformations of an object which do not permanently change its structure, the displacement or size
of the deformation is directly proportional to the deforming force or loadl. Under these conditions
the object returns to its original shape and size upon removal of the load. Elastic behaviour of solids
according to Hooke’s law can be explained by the fact that a small displacement of their constituent
molecules, atoms, or ions from normal positions is also proportional to the force that causes the
displacementl.

According to Hooke’s Law:
Fax or F=kx

where k is the spring constant of a spring in newtons per metre (N m-1), F in Newtons (N) is the
applied force deforming the spring and x, in metres (m), is the displacement produced by the force
along the same degree of freedom as the force, for example, the change in length of a stretched,
hanging spring being pulled by a certain attached mass. Graphically, Hooke’s Law shows that the
constant k is the gradient of the graph when F is plotted on the y-axis and x is plotted on the x-axis.

A mass oscillating on a hanging spring is one example of a simple harmonic oscillator. Specifically,
a simple harmonic oscillator is any object that moves about a stable equilibrium point and
experiences a restoring force proportional to the oscillator's displacement2. The period of
oscillation, T, of a spring is the amount of time, in seconds (s), it takes for a spring to complete a
round-trip or cycle. Mathematically, the period of oscillation of a simple harmonic oscillator
described by Hooke’s Law is:

—
T=2n T
Wk

Where m is the mass on the end of the spring in kilograms (kg) and k is the stiffness in newtons per
metre (N m-1) or kilograms per second squared (kg s-2). This equation tells us that as the mass of
the block, m, increases and the spring constant, k, decreases, the period increases. In other words,

1 Title: Hooke’s Law

Website: http://www.britannica.com/EBchecked /topic/271336 /Hookes-law

Date accessed: 8/6/2012

2 Title: Simple Harmonic Oscillation
Website:http://www.sparknotes.com/testprep/books/sat2/physics/chapter8section4.rhtml
Date accessed: 9/6/2012
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a heavy mass attached to an easily stretched spring will oscillate back and forth very slowly, while a
light mass attached to a resistanzgﬁspring will oscillate back and forth very quickly. It is thus evident

that T is proportional to Ym with vk being the constant governing the relationship.

Equipment:
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L ————
Fiererrer 1

A boss head clamp may be used to hold the retort stand firmly to the table top.

A stop watch will also be required for the second method being used in this investigation.

Method:

Method A

In method A, the extension or change in length of a spring is to be measured as a function of the
weight of a load suspended from the spring. Data of weight of the load and the extension of the
spring is presented graphically, with weight on the y-axis of the graph and extension on the x-axis.
From the graph, the spring constant is determined using the gradient of the line of best fit through
the various plot points.

Procedure:

1. Create a table containing five columns which can be used to record; mass, mass error, weight
of load, length of spring and extension of spring.

2.  Measure the mass of the weights being used and determine the average mass per weight,
using the range of their masses as the degree of uncertainty.

3. Set up the selected spring, retort stand and measuring tape as shown in Figure 1. A boss head
clamp can be used to improve the stability of the retort stand by clasping it to the work bench.

4. Incrementally add individual weights to the suspended spring, from no mass to approximately

0.6 kg, measuring and recording the extension (change in length), x (m) of the spring at each
increment of mass, whilst also estimating the level of uncertainty in length measurements,
such as those caused by a swaying spring. (NB: the extension of the spring is the difference in
the extended length of the spring from its unweighted length)
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5.  The maximum mass that can be supported before permanent damage is done to the spring is
around 0.75 kg; however, often springs can be damaged when a mass of approximately 0.65
kg is being used, thus care must be taken in not exceeding the elastic capabilities of the spring
being examined.

6. Once a maximum mass has been added to the spring, systematically remove each weight and
record the extension at each increment of mass, repeating the test for each mass that was
previously used.

7. Construct a graph of suspended weight versus extension, assuming that the weight in
Newtons (N) of each mass can be calculated using F = mg, where g is equal to 9.8 N kg -1. On
this graph, draw a line of best fit through the set of data and establish an equation of the form:

8. F=kx where k is the gradient of the graph.

9. From the graph, using the gradient of the line of best fit, calculate the value of k for the given
spring.

Method B

The alternative procedure requires the spring system to be set into a vertical oscillation, with the
period of the oscillation being measured as a function of mass suspended. A graph of period (T) in
seconds (s), against square root of the mass (Ym) is produced and from that the spring constant (k)
in kg s-2 is determined.

Procedure:

1. Draw up a table which can be used to record the estimated uncertainty in mass, the
suspended mass m (kg), the square root of each mass, the period of ten oscillations in
seconds, and the derived period of a single oscillation T (s).

2. Using the same masses as in method A, with the same degree of uncertainty, set up the spring
and retort stand as shown in Figure 1.

3. Systematically vary the amount of mass being suspended by the vertically mounted spring and
at each amount of mass set the system into vertically oscillating motion, measuring the period
of 10 oscillations in each case.

4. NB: In order to reduce the effect of uncertainty in the recordings, two or three people should
simultaneously record the period of the same 10 oscillations for each mass, two times. This
allows for the data to be averaged and for a more informed estimate of uncertainty to be
determined.

5. Having obtained a set of average periods for 10 oscillations, divide these by a factor of 10 to
attain the average period of a single oscillation T (s), and plot a graph of the period of one
oscillation against the mass of load, m (kg). From this graph it will be observed that T is not
proportional to m.

6. After determining the square root of the mass, \Ym, at each amount of measured mass, plot a
graph of period of oscillation, T versus the square root of mass, Ym, inserting a line of best fit
and determining the gradient of this line.

7. From the gradient of the line of best fit calculate the spring constant, k, in kilogrgims per second

squared (kg s-2) given that the gradient of the T versus Ym graph is equal to i (in s kg -1/2)
according to Hooke’s Law.
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With two spring constants having been calculated through two methods, they should then be
compared and any uncertainty between the two should be accounted for in determining the level of

preciseness in the derived value of k.
Results:
Method A

Table 1. Calculation of mass uncertainty

Measured mass of
weights (kg)

0.0499

0.04995

0.04989

0.05022

0.04989

0.05039

0.04994

0.05007

0.05007

0.04993

0.0501

0.04989

Total

0.60087

Approximate calculated
mean

0.0501

Range of values
(Max - Min)

0.0005

Percentage error

1.0%

Explanation of Table 1 data:

As the mass and subsequent weight force acting upon the spring to cause its extension or
oscillation is crucial to the calculated spring constant of the spring, the level of uncertainty in the
measured mass of the different weights being attached to the spring must be accounted for. Whilst
being manufactured to have a mass of 50 g, each weight has a slight variation from this specified
value. In order to minimize the impact of this degree of variation, the approximate mean of the
masses of each weight has been calculated and has been used as the standard mass value for
each increment of mass in the results. Moreover, the range of the measured masses has been used
as the uncertainty in the masses (i.e £0.0005 kg = +1%). This system of mass measurement has
been used for both method A and method B and evidently increases the reliability of the results by
aiding in finding the approximate uncertainty that will exist in the final calculation of the spring

constant of the spring.
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Table 2. Initial Measurements — Method A

Mas(ige)rror Ma?ksg())frlnoad Weigvi:/tzlc;f:Ir(T)]gd (N) Lengt(flglz)grl)::)lg (m) E;(E)?innsg;o(?nt)nf
[g=9.8 N/kg] - x = Al = (initial I) - |

0 0 0.475 0
+0.0005 0.0501 0.49098 0.454 0.021
+0.001 0.1002 0.98196 0.434 0.041
+0.0015 0.1503 1.47294 0.414 0.061
+0.002 0.2004 1.96392 0.392 0.083
+0.0025 0.2505 2.4549 0.372 0.103
+0.003 0.3006 2.94588 0.351 0.124
+0.0035 0.3507 3.43686 0.331 0.144
+0.0040 0.4008 3.92784 0.309 0.166
+0.0045 0.4509 4.41882 0.289 0.186
+0.0050 0.501 4.9098 0.268 0.207
+0.0055 0.5511 5.40078 0.246 0.229
+0.0060 0.6012 5.89176 0.225 0.25
+0.0055 0.5511 5.40078 0.246 0.229
+0.0050 0.501 4.9098 0.267 0.208
+0.0045 0.4509 4.41882 0.285 0.19
+0.0040 0.4008 3.92784 0.305 0.17
+0.0035 0.3507 3.43686 0.325 0.15
+0.003 0.3006 2.94588 0.35 0.125
+0.0025 0.2505 2.4549 0.369 0.106
+0.002 0.2004 1.96392 0.39 0.085
+0.0015 0.1503 1.47294 0.41 0.065
+0.001 0.1002 0.98196 0.431 0.044
+0.0005 0.0501 0.49098 0.453 0.022

0 0 0.473 0.002
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Table 3. Data set of mass, weight and averaged spring extension — Method A

Mass error| Percentage mass |Mass of load Weight of load (N) Average extension of
(k@) error (%) (kg) m W=F=mg [g=9.8 N/kg] spring (£0.001m)

- - 0 0 0.0010
+0.0005 1 0.0501 0.4910 0.0215
+0.001 1 0.1002 0.9820 0.0425
+0.0015 1 0.1503 1.473 0.0630
+0.002 1 0.2004 1.964 0.0840
+0.0025 1 0.2505 2.455 0.1045
+0.003 1 0.3006 2.946 0.1245
+0.0035 1 0.3507 3.437 0.1470
+0.0040 1 0.4008 3.928 0.1680
+0.0045 1 0.4509 4.419 0.1880
+0.0050 1 0.501 4.910 0.2075
+0.0055 1 0.5511 5.401 0.2290
+0.0060 1 0.6012 5.892 0.2500

Explanation of errors and data in Table 2 and Table 3:

In addition to accounting for the uncertainty in mass through the use of data from table 1, a paper
clip was attached to the bottom of the weighted hook, upon which each mass is added, to more
accurately determine the amount of spring extension by providing a set point from which the
measurement could be recorded. The attached paper clip also allowed for the potential error in the
length measurement to be more easily approximated by pointing to the range of values of extension
as the weights swayed slightly on the hook. Ultimately, the degree of uncertainty in spring extension
was found to be approximately 1 mm (0.001 m), taking into consideration the swaying of the springs
and parallax errors.

As a means of identifying uncertainties and improving the ability of the results to produce a precise
indication of the spring constant, two measurements of extension were recorded for each increment
of weight, which is evident in table 2. From table 2 the two measured amounts of spring extension at
each increment of weight was averaged and used to produce table 3, which will be used to calculate
the stiffness of the spring.
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Method B

Table 4. Oscillating spring measurements — Method B

Time of 10 oscillations Top and Averag_e time per
tailed single
T10 (seconds) — .
average |oscillation/period
(average of
Mass values other T (s)
error |m (kg) Ym |Result|Result|Result|Result|Result|Result| than Min (Time per 10
Vkg12) 1 2 3 4 5 6 |and Max to Ime p
(kg) . oscillations / 10)
three sig.
fig)
+0.0005(0.0501|0.2238| 3.54 | 3.50 | 3.40 | 3.30 | 3.4 | 3.56 3.46 0.35
+0.001 [0.1002|0.3165| 4.07 | 4.09 | 3.97 | 3.98 | 4.21 | 4.19 4.08 0.41
+0.0015(0.1503/0.3877| 5.07 | 5.25 | 5.16 | 5.14 | 4.87 | 5.03 5.10 0.51
+0.002 [0.2004{0.4477| 5.84 | 5.68 | 5.82 | 5.82 | 5.79 | 5.75 5.78 0.58
+0.0025(0.2505|0.5005| 6.67 | 6.47 | 6.47 | 6.43 | 6.47 | 6.53 6.49 0.65
+0.003 [0.3006|0.5483| 7.08 | 7.09 | 7.19 | 7.12 | 7.19 | 7.16 7.12 0.71
+0.0035(0.3507|0.5922| 7.59 | 7.62 | 7.56 | 7.57 | 7.63 | 7.63 7.59 0.76
+0.0040(0.4008/0.6331| 8.34 | 8.15 | 8.16 | 8.28 | 8.1 | 8.09 8.17 0.82
+0.0045/0.4509/0.6715| 8.52 | 8.53 | 8.63 | 857 | 8.6 | 8.64 8.58 0.86
+0.0050{0.501|{0.7078| 9.03 | 8.93 | 8.93 | 9.13 | 9.06 | 9.00 9.01 0.90
+0.0055(0.5511|0.7424| 9.41 | 9.35 | 9.37 | 9.53 | 9.38 | 9.50 9.42 0.94
+0.0060(0.6012|0.7754| 9.74 | 9.81 | 9.87 | 9.77 | 9.72 | 9.88 9.80 0.98
Table 5. Calculation of error in period
Range T10 (s) Range T (s)
[Max — Min] [Range T10/10]
0.26 0.026
0.24 0.024
0.38 0.038
0.09 0.009
0.24 0.024
0.11 0.011
0.07 0.007
0.25 0.025
0.12 0.012
0.2 0.02
0.18 0.018
0.16 0.016
Avg. range of period 0.19 0.019

NB: T10 is the time of ten oscillations and T is the time of a single oscillation.
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Explanation of errors and data in Table 4 and Table 5:

In carrying out the procedure of method B, the spring system was set into motion two times at each
increment of mass and three people measured the period of ten oscillations both times, producing
six results for each amount of mass. Exploiting this array of data to identify possible outliers and
minimise variation in the results, the top and tailed average for the period of ten oscillations, T10,
was calculated by emitting the highest and lowest values (see highlighted cells) for each mass level,
and then averaging the remaining values. From this average, the approximate period of a single a
single oscillation, T, was calculated by dividing the measured times by 10. Moreover, the square

root of each mass, Ym, was calculated as this is an important aspect of the equation, ZZ“ﬂJII , and
can be used to find the value of k. The error in a value that has been square rooted is known to be
half the percentage uncertainty of the original quantity and hence, with the mass having an error of
1%, the square root data of the mass values have an uncertainty of approximately 0.5%.
Furthermore, as there was evident discrepancy between the six recorded times of ten oscillations at
each mass increment, the average of the ranges of the period length at each amount of mass has
been used as the measure of uncertainty in the recorded amount of time per oscillation; this has
been calculated as 0.019 seconds. Hence, whilst initially being an error of approximately 5.4%
(0.019/0.35), for the first recorded period length of 0.35 seconds, with less rapid oscillations the
degree of uncertainty has a lesser impact as demonstrated by the final recording of 0.98 seconds
per oscillation with a mass of 0.6 kg and an uncertainty in time of 1.9% (0.019/0.98).

Analysis of results:

As method A involves investigating the relationship between the force applied to a spring and its
extension, the resulting weight force, W (N), at each level of mass was calculated by multiplying the
mass by 9.8, with the assumption that the acceleration on the mass due to the Earth’s gravitational
pull was 9.8 N kg-1. In examining table 3, it is evident that there are certain trends in the gathered
data relating to the measured masses of loads, their weight and the subsequent extension of the
spring. With each increment of mass, there seems to be a consistently proportional increase in
extension, as each additional mass of 50 grams results in a further extension of approximately 0.02
m, taking into consideration the 1% error in mass and the 0.001 m possible error in length
measurements. The apparent linear relationship that is associated with the applied mass and the
extension of the spring additionally implies that there is a linear trend relating the weight force on
the spring and the length of displacement, as weight is proportional to mass.

The data attained through method B expound varying trends involving the mass being suspended,
its square root and the period of the spring when oscillating with a certain amount of attached mass.
In the comparison between the suspended mass and the time per oscillation of the spring at a given
mass, according to table 4, it is apparent that there is no steady increase in the time per oscillation
with each additional increment of mass. Initially, the period, T, escalates at a relatively fast rate with
each addition of mass, rising from approximately 0.35 seconds to around 0.76 seconds after the first
six increments following the initial measurement, whilst only increasing from 0.76 to 0.98 seconds in
the next five increments; roughly half the change in period recorded across the first half of the
measurements. Although the values of T for the three lowest masses prove to reflect the trend of an
initially fast rate of change in the first half of the results, amongst the three values themselves there
is inconsistency as the first increase in period is only 0.06 seconds whilst the second increase is 0.1
seconds, which is unexpected because the trend suggests that the rate of change is gradually
decreasing with each increment of mass and that the first change in period should therefore be the
highest. Nevertheless, accurately measuring the period of the spring with very small amounts of
attached mass, exemplified by the first three masses, proves to be difficult as each complete
oscillation is rapid and less obvious to detect, which, additionally, is thus a likely cause for the
inconsistency amongst the first three results.
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The juxtaposition of the square root of mass values and the time per oscillation in table 4 evidently
elicits a more consistent rate of change as each quantity increases in relation to the other. Although
the square root of mass values do not increase steadily themselves, when regular intervals are
considered it becomes apparent that across each interval the period increases at a rate that is
proportional. By examining square root of mass intervals of 0.1 kgl/2, it is evident that each
increment results in a steady increase in period that is between 0.1 and 1.3 seconds. This pattern is
portrayed by the rise from 0.4477 to 0.5483 kg1/2 with a simultaneous rise of 0.13 seconds in the
period of oscillation, whilst another increase of roughly 0.1 kgl1/2 to 0.6331 kgl/2 results in the
period rising by 0.11 seconds and whilst rising further to 0.7424 kgl1/2 produces a change in period
of about 0.12 seconds. The relatively consistent rate of change between the square root of mass
and period, across all the recorded data, explicates the characteristics of a linear relationzihip, which

T_EX  — il
is ultimately expected according to Hooke’s Law stating that; ~ ~ &~ ' where “& can be

considered to be a single constant.
Graphs and calculations:

Method A graphs and calculations:

Weight of Load versus Extension of Spring
y =23.535x

Weight of Load (N)
(98]

0 ; T T T T T T T T T T T T T 1

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28

Extension of Spring (m)

Figure 2. This graph displays the relationship between the weight of the load being suspended by a
spring and the subsequent extension of the spring that is observed. Note that the error bars
according to the 1% uncertainty in weight and the error in length measurements are included but
may not be visible due to their significantly small size in relation to the whole data set.
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Calculation of the spring constant according to method A results:
For method A the spring constant will be denoted the letter k1.

F= kix
From figure 2 and the line of best fit produced by Microsoft Excel, the equation of the line

representing the relationship between the weight force, W (N), applied to a spring and the
extension, x (m), that results is;

W =123.535x

¥ - 23535
Hence, as the gradient of this graph is; = ~ “*"?%% where W = F=kqx

w
k, = — = 23.535
X

Therefore, k1 = 23.54 £0.5 N m-1

Method B graphs and calculations

Period of oscillation versus mass of load

y =1.2112x04434
1.2

) x K VM
Wiz

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Mass of load (kg)

Period of oscillation, T (s)

Figure 3. This is a graph representing the relationship between the period of one oscillation (s) of a
spring in harmonic oscillation and the mass of the load (kg) attached to the spring. Note that error
bars are included using the estimated error of £0.02 seconds in the period of the oscillation and the
approximate uncertainty of 1% in the load masses.
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Period of oscillation versus square root of mass

of load y = 1.284x
1.2
1
> I/K/K/K/K
" os
=
2
k] }/X/&
S 06
2 /X/
E N
€ 04 X
5 y
(-9
0.2
0

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Square root of the load mass, vm (vkg)

Figure 4. Note that the error bars are based upon an uncertainty of £0.02 seconds in the period of
the oscillation and the approximate uncertainty of 0.5% in the square root of the load masses as a
result of the 1% error in the original mass values.

Calculation of the spring constant according to method B results:
For method B the spring constant will be denoted the letter k2.

T=2 e

_ZTI.'

T =
Jkz
fa o

"t the gradient of the line relating T to Vm il be = (s kg -1/2)

xym

From Figure 4 it can be seen that the equation of the line created by the relationship between T and
Vmis T = 1.284x+m (derived from y = 1.284x)

Hence, the gradient of this function is 1.284 £1% (s kg -1/2)

2m
1.284 = —

e

2w
Vka = 1.284

k _( 2m )
27 \1.284

k, % 23.95

z

k2 =23.95 +0.5 kg s-2~23.95 0.5 N m?

tsix

© The School For Excellence 2019 www.tsfx.com.au Free Exclusive Online Resources




NB: the uncertainty in k2 had been determined by the upper and lower values of k2 produced by an
uncertainty in the gradient of +1%. A gradient that is 1% larger than the calculated value results in
k2 being approximately 0.5 kg s less than the final result, whilst a gradient that is 1% less than
1.284 equates to k2 being roughly 0.5 kg s larger.

Justification of the equivalence between k1 (N m-1) and k2 (kg s-2):

F=1Ikx = k== e " the units of K1 are N m-1.
T:?—i){ biil gz'l_ k :(vaﬁzzﬁ' .
Jk2 = Jk2 vm =72 T 2 ** the units of k2 are kg s-2.

Therefore, as the constant k in the two equations of Hooke’s law is a measure of stiffness in a
particular spring it is the in both, thus kg s-2 is an equivalent unit to N m-1.

Discussion and analysis:

Whilst the value of the stiffness of a spring depends not only on the kind of elastic material under
consideration but also on its dimensions and shape, according to Hooke’s law a metal wire exhibits
elastic behaviour because there is proportionality between the increase in its length and the applied
force which caused this increase. Thus, it becomes apparent that the graph in figure 2, produced by
method A, is consistent with the theoretical expectations, upon which this experiment is based, as
the data form a trend which is a straight line with a constant rate of change of approximately 23.535
N m-1. Furthermore, this linear trend reflects upon the previous observations that were able to be
made on the results which showed a steady increase in extension with each increment of mass.
Though the masses of the individual weights that were being used evoked some uncertainty in the
results of method A, as shown by table 1 and table 2, the possible error was largely accounted for
and determined to be +1%. However, whilst the measurements of extension at the four largest
masses prove to lie within the general trend of the recorded relationship between load mass and
extension, it is possible that there was a greater degree of error in these values of length because
two hook weights were needed in order to suspend the required masses and this caused the paper
clip, from which length measurements were recorded, to be tilted slightly upwards. Despite taking
two recordings at each increment of mass, this uncertainty in the extension at the highest four
masses was unable to be avoided with the available apparatus, but may have been able to be
overcome if a single, longer hook was used instead of two smaller ones. In order to reflect this
length uncertainty in the relationship between applied force and extension, the error in the gradient
was increased from £0.3 N m-1, which the estimated mass error and original length uncertainty of 1
mm would have originally suggested, to £0.5 N m-1. Ultimately, given that the graph produced was
a linear relation k1, the measured spring constant in method A, was able to be calculated as the
gradient of the relationship between applied weight force and spring extension, as Hooke’s law
suggests, providing a value of 23.535 +0.5 N m-1.

The graph of the period of the spring’s oscillation, T, against mass elucidates a trend which is not
linear. As suggested by table 4 data, the line of best fit between period and mass, in figure 3, initially
has a large, positive gradient before beginning to flatten, whilst still increasing, at approximately 0.2
kg. As the general shape of the graph that results represents a square root function, with the
equation being y = 1.2112x0.4434 and the power on the x value being only about 0.06 less than that
of a square root, the evident trend is ostensibly consistent with the suggested theory of Hooke’s law

= —
T=—x-m

which states, JE . The relationship represented in figure 4, of period and the square root of
load mass, illustrates a linear trend that has a constant rate of change of 1.284 s kg -1/2 and which
implies that T is proportional tovm. Moreover, from both figure 3 and figure 4, it can be deduced that
the initial three readings of period, with the three lowest masses, were relatively inconsistent with
the suggested trend in the results, the first result having a period much larger than the trend and the
second two being lower. The inconsistency in these results was primarily the consequence of the
human error in accurately recording fast oscillations, due to the small load mass, with the available
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apparatus. Nevertheless, as the oscillations began to have longer periods, recording the time
became easier as there was more time to respond, resulting in the data at larger masses being
more consistent. In order to illustrate the initially high level of uncertainty in the readings and the
gradual decrease in error as the period became longer, the average range of the period times,
0.019 seconds (see table 5), at each mass was used as a measure of the error. When expressed as
a percentage of the recorded time, it is evident that initially the amount of uncertainty was
approximately 5% whilst the error in the longest period was less than 2%. Despite the identified
uncertainty, multiple measures were implemented to reduce the impact of possible error including;
multiple recordings being taken by three people for each test; the decision to measure 10
oscillations instead of fewer to gain a more broad perspective of the behaviour of the spring at a
given mass and the system of finding the top and tailed average of the recorded periods. Having
accounted for uncertainty by attributing an error of 1% to the gradiegr'g of the relationship between

period and square root mass, k2 was then calculated given that +%z is the slope of this linear
relation, as described by Hooke’s law, and that the gradient of the line was found to be 1.284. Thus,
with its uncertainty being determined by the upper and lower values of k2 produced by a possible
error in the gradient of £1%, k2 was calculated to be approximately 23.95 +0.5 kg s-2 or 23.95 +£0.5
N m-1 (see above section for justification of units).

As the spring constant is a measure of elastic stiffness, its calculated value depends on the way in
which it is tested and the limitations to these procedures. With method A having distinct limitations
that could not be avoided such as an error in the measurement of length, whilst method B had other
implications such as the amount of decrease in the amplitude of each oscillation as time passed,
and the effect of non-vertical motion, it is apparent that the two procedures used have disparate
sources of error and therefore the variation in the calculated spring constant, from an accurate
result, will naturally be different. However, in the comparison of the two spring constants derived
from each method, the discrepancy between them and the associated uncertainty of each value
itself provides a valid indication of how precise each is; a large degree of uncertainty suggesting
imprecise results and a lesser degree of error implying a greater amount of accuracy. Consisting of
an error of £0.5 N m-1, k2 was determined to be 23.95 N m-1, meaning that the variation in its
possible values is between 23.47 and 24.43 N m-1. Significantly, k1 exists within the range of
uncertainty in k2, with a value of 23.535 +0.5 N m-1, and furthermore, the associated error in k1,
which ranges from 23.03 to 24.03 N m-1, encompasses k2. With each spring constant lying within
the range of the other’s defined uncertainty, the results show that k1 and k2 are relatively similar
and that the incongruity between them is comparatively minute in relation to the array of possible
errors implicit in both methods. Thus, as the difference between the two spring constants is only
approximately 0.42 N m-1, or 1.7%, it can be deduced that combination of the results from both
method A and method B have produced a relatively precise value of the given spring’s stiffness,
which is likely to be between 23.5 and 24.0 N m-1.

Conclusion:

Experimental findings obtained through method A and method B, were ultimately consistent with
established theories of spring stiffness and behaviour as defined by Hooke’s laws. Despite certain
sources of error, the weight force acting on a spring and its subsequent extension elicited
proportionality and, similarly, the relationship between the period of the oscillating spring and the
applied mass suggested a linear trend relating the time of each oscillation to the square root of the
load mass. With method A producing the result of the spring constant being 23.535 +0.5 N m-1 and
method B giving a stiffness of 23.95 £0.5 N m-1, though a difference of approximately 1.7% exists
between them, it can be concluded that a relatively precise calculation of the spring’s elastic
stiffness has been determined and that it corresponds to a value approximately between 23.5 and
24.0 N m-1, according to the results of both procedures.
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