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Introduction
          According to a study done by Stephen Seiler (3), the upper body strength of males is usually 40-50% larger than that of females since female muscle mass is smaller. In another study, Kirk Cureton (2) suggests that​ males have higher endurance than females in physical activities due to testosterone. His research indicates that testosterone elevates the production of hemoglobin in males’ blood. Because hemoglobin is the carrier for oxygen, each liter of male blood can carry more oxygen than that of female blood. On average, the same quantity of male blood can carry about 11 % more oxygen than female blood. This research corresponds to the world records ranging from 800 m to marathon that males run about 11% faster than the females. 

         When building an electronic scale, there are several important factors that have to be considered. A scale is usually accurate within its designed range and becomes less accurate when used to measure weights outside this range. The sensitivity of the scale depends also on the designed range. If the range is small, it is important to have a sensitive scale to distinguish a small difference in weights. Furthermore, the stability and precision of the scale are important. A scale that varies greatly when measuring the same weight will not be considered a ‘good’ scale. Lastly, the noise of the apparatus should be limited. All these aspects have to be considered in order to build an accurate, precise, and sensitive scale within a designed range.

The initial goal of this project was to build an accurate and precise electronic scale using a strain gauge. The scale was calibrated using human weights to find the relationship between the voltage output from the amplifier chip AD 620 and the mass of different subjects. Effects of drift and noise were investigated to test the accuracy and precision of the scale respectively. Next, the muscle forces of males and females were measured, and it was hypothesized that males would have a higher maximum force in their triceps than females. It was also hypothesized that right-handed individuals would exhibit a greater maximum force with their right triceps than with their left triceps. The endurance time of the subjects can be calculated from the measured force data, and it was hypothesized that males will have a higher endurance time using their triceps than females.

Materials 

· AD620 Amplifier

· Strain gage

· Oscilloscope

· Solderless Breadboard

· 1 kΩ Potentiometer

· Four 100Ω Resistors 

· 0.1 uF Capacitor

· Wire, Wire Stripper

· Multimeter

· Virtual Instrument-DMM

· DC Power Supply

· Metal supports

· Bathroom scale

Circuit 

 
Procedure

Scale Set-up

Two metal supports were placed on the ground parallel to each other.  Three aluminum bars were suspended across these supports.  The bars were set parallel to each other and the middle bar was attached to the strain gage.  A wooden board was then placed on top of the three bars with the strain gage at the board’s center and with the outer two bars at the board’s parallel edges.  The perpendicular edges of the board were equidistant from the ends of the bars. After constructing the electronic scale, the strain gage was connected to the circuit.  The circuit was then connected to the Virtual Instrument Digital Multi-Meter (DMM).  

Calibration Curve

To construct the calibration curve, a group member weighed (kg) himself or herself on a bathroom scale.  Then, the scale was set to zero.  A group member stood at the middle of the electronic scale with the arches of his or her feet above the strain gage and perpendicular to the bar with the strain gage attached.  The subject waited until the voltage stopped oscillating so that an accurate measurement could be recorded.  The subject then stepped off, and the electronic scale was set to zero again for the next group member.  This procedure was carried out for five group members five times.  The five voltage measurements for each subject were then averaged.  Using these averages, a calibration curve of actual mass versus voltage was created.  The precision of the scale was analyzed by calculating the coefficient of variance (C.V.).  The C.V. is determined by dividing the standard deviation of weight by the mean weight.  The C.V. for each group member was averaged and translated in terms of weight from the calibration curve. 

Maximum Strength and Endurance Time: Males vs. Females

Each subject tested his or her triceps by placing a forearm on the wooden board with a fist above the strain gage. The forearm was kept at 90 degrees with the upper arm against the subject’s body. Before measurements were taken, the subject was allowed a few seconds to reach his or her maximum strength. The subject exerted a downward force for one minute, and the data was recorded by the DMM. This procedure was repeated for the right and left arms of males and females. Certain parameters were set concerning data interpretation. Maximum strength was defined as the y-intercept of the regression line on the Force vs. Time graph.  Endurance time was defined as the time at which the subject was no longer able to exert 70 % of his or her maximum force. The hypotheses were tested by observing which group of subjects demonstrated a higher average maximum strength and longer average endurance time.

A 95% confidence level paired T-test was done to check whether the average maximum muscle forces of males and females were statistically different or not; pairing the average males left triceps data to that of females and similarly for the right triceps. The paired T-test was repeated for endurance time to see whether the endurance times for males and females were statistically different or not.

Left Triceps vs. Right Triceps: Maximum Strength

The data for maximum muscle strength for right triceps of the test subjects was compared to the data collected for the left triceps of the subjects. The hypothesis was tested by observing which side of triceps demonstrated a higher average maximum strength. Again, a paired t-test was done for the right and left triceps of each individual to see whether the maximum muscle strengths of the right and left triceps were statistically different or not. 

Drift and Noise

The voltage reading of the electronic scale with zero mass was recorded for ten minutes at one-second intervals. The 95% confidence interval of the slope was calculated to see whether 0 was included or not. The effect of drift on the maximum muscle strength and the endurance time is determined by adjusting the data with respect to the amount of drift over time. Meanwhile, the noise present in the circuit was determined using the oscilloscope between pins 2 and 3 of the AD620.  

Results
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Relationship between voltage output and mass

As the strain exerted on the aluminum bar increased due to increasing mass, the output voltage also increased. Figure 1 shows a positive linear relationship between voltage and mass that allows for conversion between the two. The equation of the regression line is Voltage (V) = 0.0038 Mass (kg) – 0.0265 (V) with an R^2 value of 0.989. Precision of the scale was calculated by averaging the C.V. for each subject, and was calculated to be 0.003727, which corresponds to 1.37N using the mean weight (400N) of our scale range.                                                                                
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Figure 2b: Right Hand Triceps Exertion 
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[image: image6.emf]Figure 3a: Left Triceps Exertion

Hal Force (N) = -2.6663 Time (sec) + 264.74

Darius Force (N)= -0.4322 Time (sec)+ 114.24

Sally Force (N) = -0.571Time (sec)+ 76.379

Karen Force (N) = -0.6638Time (sec) + 46.354

0

50

100

150

200

250

300

1 4 71013161922252831343740434649525558

Time (s)

Force (N)

Sally

Karen

Darius

Hal

[image: image1.emf]Figure 1b: Coefficient of 

variance for different subjects

0.00%

0.20%

0.40%

0.60%

0.80%

1.00%

1.20%

0 2 4

subject

%

exp't data

general error


Although the specifications stated that the amplifier

chip, AD 620, produces low noise, the noise produced

by the circuit was still quite significant with a peak-to-

peak value of 120 mV. The noise was reduced by putting a 0.1-uF capacitor between pin 2 & 3 of the amplifier to build a high-pass filter. This limited the noise to 1.5 mV at a frequency of 300 kHz. 

Maximum Force Exerted by Males and Females

Male subjects were able to produce a larger force on the strain gage than female subjects. Taking drift into account, the average maximum force among the male subjects was 226.1 N for the right triceps and 190.37 N for the left triceps. These are larger than the average female forces of 92.82 N for the right triceps and 63.541 N for the left triceps. The average maximum force of the right triceps for males is a factor of 2.4 larger than the average maximum force for females. For the left triceps, males exerted an average maximum force 3 times that of the force generated by females. Overall, the usage of both triceps for males would have an averaged factor of 2.7 greater than females. Further breakdown of these findings can be seen in Tables 2 and 3. 

Endurance and Fatigue for Males and Females

Male subjects should exhibit more endurance than female subjects as time passes.  Endurance was defined as the time at which the subject was no longer able to exert 75 % of his maximum force. As shown in Table 2, the average endurance time for males’ right triceps was 30 seconds and is longer than the females’ endurance value of 20.5 seconds.  In addition, the average endurance time for males’ left triceps was 36 seconds and is longer than the females’ endurance value of 17.5 seconds.  In general, both the right and left triceps of males endure 1.76 times longer than those of the females.
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Table 2. Right Triceps Data

	 
	 
	Max Force (N)
	Endurance Time (s)

	Male
	Hal
	305
	30

	 
	Darius
	147.2
	30

	 
	Average
	226.1
	30

	Female
	Karen
	77.95
	24

	 
	Sally
	107.69
	17

	 
	Average
	92.82
	20.5
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Right Versus Left Triceps

Figures 3a and 3b show the effect of drift on the force reading. In general, the y-intercepts of each regression line are the same. However, the slope decreases by 0.0245 N/sec, which was due to the effect of drift. If a person is right-handed, he or she should produce a greater maximum force with the right triceps than with the left triceps. Furthermore, he or she should display greater endurance with the right triceps. In our experiment, all the test subjects were right-handed. The average maximum force exerted by the right triceps for all test subjects was 159.5 N. In contrast, the average maximum force exerted by the left triceps was only 126.5 N. There is a 26% difference between the average force exerted by left and right triceps. Therefore, the data supports our hypothesis that a right-handed person will be able to exert a greater force with the right triceps than with the left triceps. 

The Effect of Drift
The accuracy of the electronic scale can be significantly affected if there is drift. Therefore, drift was observed here by leaving the apparatus alone for 10 minutes without any force exerted on it. The voltage shows a decrease from -.058 V to -.066 V. The equation of the regression line is Voltage (V) = -1.029*10-5 Time (sec) -0.0583 (V). The 95% confidence interval of the slope is from -1.1066*10-5 V/sec to -0.93731*10-5 V/sec. This interval does not include 0, showing that there is a negative trend for the voltage vs. time curve. This voltage reading can be converted into force to show how drift caused inaccuracy in the reading of the scale. Assuming the voltage drops from -0.058V to -0.066 V, if the circuit is not zeroed again, there will be a 9 kg decrease in the mass reading of the person using the scale.  

Discussion

Our results show that a) there is a positive linear relationship between the output voltage and the person’s mass, b) males, in general, are able to exert a greater maximum force using their triceps, c) the males’ triceps exhibit longer endurance on average, d) the right triceps are able to exert a greater maximum force, e) there was drift in the scale readings over time (-1kg/min).

Maximum Force exerted by Male and Female

The experiments conducted confirm that males, in general, exert a larger maximum force than the females. A 95% confidence interval paired T-test was done to compare the average maximum muscle force of males and females by pairing the average males’ left triceps data with that of females and, similarly, for their right triceps. The T-stat was 47.91, which is greater than T-critical (12.70). This shows that the maximum force for both the males’ right triceps and left triceps are statistically different than those for the females. Furthermore, the maximum force exerted by the males’ right triceps was 243% of the maximum force exerted by the females’ right triceps, and the maximum force exerted by the males’ left triceps was 304% of the maximum force exerted by the females’ left triceps. Therefore, the hypothesis that males exert a greater maximum force than females was validated. This is consistent with the results of previous studies (3), which concluded males can exert greater maximum force because their muscle mass is greater than females.

Endurance and Fatigue for Males and Females
The data shows that the male endurance times for both the right and left triceps are greater than those of females (males’ and females’ endurance times differ by 9.5 seconds and 18.5 seconds respectively for the right and left triceps). These results are consistent with the findings from previous studies (2), which showed that testosterone increases the concentration of hemoglobin and consequently increases the oxygen supply in the males’ blood. However, when a 95% confidence level paired T-test was performed on the endurance times for males and females, the t-stat was 3.1111 and was smaller than T-crit (12.71). This result does not confirm that the endurance times of males and females for both their right and left triceps are statistically different. This is likely due to the small sample size. If more subjects were tested, a more conclusive result could be obtained to support or contradict the hypothesis that the endurance time for males is longer than that for females. 

Right vs. Left Triceps

The results support the hypothesis that right-handed people are able to exert a higher maximum force using their right triceps. Data from the results indicate that the right triceps for males and females can exert about 30 N more than their respective left triceps. When a 95% confidence level paired T-test was performed on the data for the maximum forces exerted by the right and left hands of each individual, the T-stat was 30.31. Since T-stat is larger than T-critical (3.18), the null hypothesis that the forces exerted by the right triceps are the same as the forces exerted by the left triceps is rejected. This data shows that the right triceps do in fact exert a larger maximum force than the left triceps. These results are consistent with Lemarck’s theory of Use and Disuse (1). According to Lemarck, a body part becomes more developed and stronger with increased usage. On average, right-handed people, by definition, use their right side muscles more often. Consequently, their right triceps should be stronger than their left triceps. The experiment shows that this is indeed the case. Males’ right triceps were 18.7% stronger than the males’ left triceps, and females’ right triceps were 48.4% stronger than the females’ left triceps. 

Limitations
Drift:

The effect of drift was calculated to be -1.0219 x 10​-5 V/sec.  As a result, the scale’s readings decreased over time. This trend prevented use of the scale in experiments that required continuous use over a long time. Drift was limited by resetting the apparatus to zero prior to each measurement. In the right vs. left triceps experiment, which was over a span of 1 minute, the scale was re-zeroed only at the beginning. This means that drift could not be avoided over this one-minute period. However, these findings were not significantly influenced because the longest endurance time that fit previously defined parameters was 42 seconds with most of the other endurance times ending at 30 seconds or less. The drift caused a 1.03 N discrepancy between the real force and measured force. The measured force was smaller than the actual force because the drift caused a decrease in the voltage reading. Even when the force meters’ own error of 1.37 N was factored in, the combined 2.4 N error did not influence the findings significantly. 

Drift did not affect the maximum force recorded. Maximum force was defined as the y-intercept of the regression line on the force vs. time graph. Drift did not cause a significant decrease in the beginning of the experiment, so the maximum force reading was relatively accurate. 

The longer the experiment was run, the greater effect drift had on the data collected. By taking drift into account, the endurance time of each subject increases by 1 second. Since the voltage reading decreases, the person was in fact exerting a higher force than recorded, so when calculating the time that the person could still maintain 70% of the maximum force, this time would be greater than what was calculated. This 1-second error represents approximately 3% error in the endurance time for each individual. 

Noise:

When the apparatus was first built, the noise was measured to be 120 mV and translates into 38.54 N. This is a significant source of error that could not be tolerated. Modifications were then made to the circuit by building a high pass filter (putting a 0.1 uF capacitor between pins 2 & 3 of the amplifier) and also soldering the four 100 Ω resisters together. Afterwards, the noise measured dropped to 1.5 mV translating to 7.37 N, which is relatively insignificant.
An inherent limitation in the study was that only triceps were studied. While this did not influence the findings, it did prevent more generalized conclusions about how gender and nature of right-handedness or left-handedness influence muscle strength. 

The number of test subjects was also a major limitation in the study. Two females and two males may not be representative of the entire population. In order to fully support the hypothesis, more subjects should be used to increase the degree of freedom. Under the endurance test, the t-stat (3.111) was smaller than t-crit (12.71) when the data between male and female are compared. Assuming the hypothesis is correct, the degree of freedom (D.F.) has to be at least 4 to have a t-crit smaller than our t-stat to show that the endurance times between male and female are statistically different. A D.F. of 4 means that we need at least 5 males and 5 females to support our hypothesis using paired t-test.


Furthermore, only right-handed test subjects were used in the study. The findings may have been different had a left-handed person been able to exert a greater force using his or her right hand. It would also have been interesting to note whether the left-handed person’s data would be exactly the reverse of a right-handed person’s. For example, one could test the hypothesis that the average maximum force exerted by a left-handed male’s left triceps was 18.7% greater than the average maximum force generated by the same person’s right triceps. 

Future Study

First of all, it would be interesting to have left-handed individuals do the triceps experiments to see whether the % difference between their left triceps and right triceps are the same as that for right-handed individuals. As previously mentioned, another possible study would be to extend the hypotheses to other muscles. This would allow more generalized conclusions to be drawn for the relationships that were studied in this experiment. Before this could be done, a sturdier and more mobile scale must be built so that the force meter could be placed in both horizontal and vertical positions. Certain muscles such as the quadricep muscles require that the force meter be placed vertically. One possible new study would be to test whether a right-handed males’ right side muscle is always 18.7% stronger than his corresponding muscle on the left side. Another hypothesis can be that there is a 0% difference in the strengths of the left and right leg muscles regardless of whether the person is right-handed or left-handed. The basis for this hypothesis would be that both right-handed and left-handed people use both legs about the same amount because walking requires the use of both legs. 
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The electronic scale was used to carry out three tests. First, the relationship between voltage output and mass was observed. Then, the effect of drift on these results was investigated. Lastly, the maximum force exerted and the endurance times of right and left triceps were measured and calculated for males and females. 
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Figure 2b: Right Hand Triceps Exertion - Adjusted for Drift
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