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PURPOSE

The purpose of this lab is to find the spring constant through static and dynamic methods using a little
equation manipulation, a spring and some precisely measured mass. Then using a comparison test to see how
consistent the two values are and whether they are within error.

APPARATUS
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One spring.

One set of masses, 10g, 20g, and 60g.

One precise weigh scale to measure the masses.
One meter stick.

One clock for timing, in this case: An iphone timer.
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PROCEDURE & THEORY

Theory:
PART A: STATIC

The theory of the static method in this lab is that, given the force of gravity and the distance a spring stretches
when a precise amount of mass is added to it you can find a relationship which will result in the force the spring exerts
times the distance moved. This value, according to Hooke’s law of F = -kx, will actually be equal to the static spring
constant.

PART B: DYNAMIC

The theory of the dynamic method in this lab is that, given the period of oscillation and the precise amount of
mass added to the spring, you can find a relationship which results with a value of mass over the period squared. This is
then multiplied by a distance of oscillation. This is also known as distance over time squared which is the same units
found within acceleration multiplied with a mass. This value gives us the dynamic force of the spring which in step gives
us the dynamic spring constant.

Part A:
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The apparatus was setup and the zero position of the spring was taken, including the pan and its weight.
Measurements were taken at 100g intervals between 100 and 600g.

A graph was drawn and its slope calculated. The error on the slope was also calculated and recorded.

Using gravity and the slope from the graph, the static spring constant was calculated and the error on k; (static
constant) also calculated.
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Part B:

» For the dynamic method, the period of oscillation were observed in 5 trials for each increment of 20g between
600 and 700g.

AT vs M graph was plotted.

The errors on mass, time, average time, period, and period squared were all calculated.

The slope and the error on the slope were calculated and recorded.

The dynamic spring constant, kg, and its error were calculated and recorded.

The comparison test was used to observe that the results were consistent and within error.
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RESULTS

Refer to the appendices for results.

DISCUSSION

The values for the static and dynamic spring constants were expected to be relatively the same. A constant, by
definition, does not change whether the system is still or in motion. The spring constant of a specific spring will always
remain the same, unless there is damage to the spring. However there could be a small discrepancy between the static
and dynamic constants. This discrepancy is assumed to be a result of the spring stretching out during the more rigorous
testing and not constricting back to its original state, losing some of its elasticity. The static method should be more
accurate because it requires a less stressing test; as a result there is less room for spring damage or permanent
stretching. The precisions of both tests could be greatly removed by using a much higher quality of spring that has a no
history of stretching and not returning to its previous state. It could also be greatly improved using motion sensors and a
slow motion camera to get extremely accurate values. At the culmination of this lab the comparison test was carried out
and the values were shown to be only slightly different; they passed the comparison test with 0.258 < 2. This means they
were very consistent and within error. The error here could be determined to be due to human reaction time errors.

CONCLUSIONS

This lab proved to be a very useful method in determining the spring constant of a particular spring using only
precisely measured mass. The static and dynamic spring constants were calculated and determined to be very consistent
and far within error. This makes the lab a very strong method for determining a spring constant.
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APPENDICES- FIGURES AND TABLES

STATIC METHOD: PART A

TABLE 1:

Starting position: +11.6cm

Starting Position Ending Position
(cm) (cm)
100g 11.6 18.1 6.5
200g 18.1 24.6 6.5
300g 24.6 30.1 5.5
400g 30.1 37.4 7.3
500g 37.4 43.8 6.4
600g 43.8 50.2 6.4
Slope = 0.06440 % Taken from the weighted regression table.
0.06440 €m 1m 1000¢
= 0. — % *
g 100em  1lkg

= 0.6440 m

=0. o

. — 9.81 N

S 6.44E-1m/kg

981 N

©0.644 m

N

= 15.23 —

m
okg = z':i:; * 6.57E~° om = 6.57E° Taken from the weighted regression table.

ok, = 1.55E73



TABLE 2:
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DYNAMIC METHOD: PART B

600 +/-1

12.70 ++-0.4
13.25+-0.4
12.93+-0.4
12.72 ++-0.4
13.02 +-0.4

12.94 +-0.11 1.294 +-0.011

1.674436
+/-0.028468

620 +/-1

13.33+-0.4
13.32+-0.4
13.25+-0.4
13.17 +-0.4
13.63 +-0.4

13.34 +-0.092 1.334 +/-0.0092

1.779556
+/-0.0245456

640 +/-1

13.17+-0.4
13.20+-0.4
13.13+-0.4
13.13+-0.4
13.12+-0.4

13.15+-0.016 1.315+-0.0016

1.729225
+/-0.004208

660 +/-1

13.69 +-0.4
13.39+-0.4
13.68 +-0.4
13.67 +-0.4
13.12 +-0.4

13.576 +-0.048 1.3576 +-0.0048

1.84307776

+-0.01303296

680 +/-1

13.80+-0.4
13.60+-0.4
13.84 +-0.4
13.67 +-0.4
13.65+-0.4

13.712 +-0.048 1.3712 +-0.0048

1.8818944

+-0.01316352

700 +/- 1

13.77 +-0.4
13.71+-0.4
14.02 +-0.4
13.98 +-0.4
13.95+-0.4

13.886 +/-0.062 1.3886 +/-0.0062

1.92820996
+-0.0172864

2

md = 2.664 —
kg

" _4n2
a7 md

Where md = dynamic slope

N
ky = 14.82 —
m
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4172

ke = Cnd)T v omd

ok, = 0.3656

Comparison Test:
Iks - kdl

Jo%ky + 0%k

<2

|15.23 — 14.82]
v0.36562 + 1.5542

0.41

15965 <2

0.2568 < 2

~ The values are consistent and within the error range!!

Mean Calculation:

(kdynamic + kstatic)

2 2
o dynamic 0 “static

kwm 1 1
2 + 2
o i o i
dynamic static

(14.82 . 15.23)
. _ \15542 " 036567
(1.5542 + 0.36562)

Kym = 15.2085
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TABLE 3:
Data Set:
Static
X Y
1 100 18.1
2 200 24.6
3 300 30.1
4 400 37.4
5 500 43.8
6 600 50.2
TABLE 4:

Data Set:
Dynamic

Mass (g) T2 (s?) error
1 600 1.674 0.0284
2 620 1.779 0.0245
3 640 1.729 0.0042
4 660 1.843 0.0130
5 680 1.876 0.0131
6 700 1.928 0.0172
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Theory Equations:

T? =

VanderVeen, Daniel
PART A: STATIC
F = —kx
(AM)g = ks (Ax)

Mg = ks(x — xo)

g
x=k—sM+ Xo
g
ke=="M+0

PART B: DYNAMAIC

x = Acoswt

d=27rf

SFa

12
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