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G-force, measured in (g), is a force that acts on a body as a result of acceleration or
gravity. Human tolerances of the g-force are depending on the magnitude of the g-force, and the
length of time it is being applied, the direction it acts, and the location of application. The human
body has a better chance at surviving horizontal g-force. Horizontal g-force is referred as
“eyeballs-in”. Vertical acceleration upwards is referred to as “blood towards feet”. Research
shows that humans have a much high tolerance for “eyeballs-in” than any other g-forces. The
standard 1g on the Earth’s surface is caused by gravity, and to prevent humans from free-
falling. As the G-forces increases, the time that a human can tolerate it significantly decreases.

Human Tolerance vs. Horizontal G-force

+Gx (g) Time (min.)
35 0.01

28 0.03

20 0.1

15 0.3

11 1

9 3

6 10

4.5 30

From the examination of human tolerance to horizontal G-force, a model function will be
developed to represent the relationship between them. This portfolio will be focused on creating
a function that best suits the table of value above.

It is clear that +Gx, measured in gravity (g), is the independent variable in this case as it
is affecting the time humans can tolerate. Thus, we can let x = horizontal G-force.
Consequently, the dependent variable in this case would be the time in which humans can
tolerate, measured in minutes (min.) This is due to the fact that the amount of time humans can
tolerate is dependent of the G-force itself; therefore v = Time (min.). The notation in which the

function would model after isf{+Gx) = Time. We set that x == 0 because this function would
only be applied to positive G-Force. Another constraint is that 1 = 0 because the human
tolerance time has to be at a value which we can measure.

When table of values are plotted on a graph, it is clear that as the horizontal G-forces
increase, the time would quickly decrease as a consequence. Another trend shown in this graph
is that as the G-forces decrease, the time would increase as the result.
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Human Tolerance to Horizontal G-force
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By observing the data above, it resembles the graph x~*,x == 0. We can see that as x is
approaching positive infinity, the values of y is approaching zero from above. (x = +o2, v = 07).
This is also true as x is approaching zero from the positive, the values of v is approaching
positive infinity. The 2 primary traits of x~1,x = 0, fits well with the plotted data. Thus, the
function model | have decided to use is f{x) = a{x — d)? + ¢. The vertical asymptote and the

horizontal asymptote in this case are both 0, because this graph never crosses or touches the
x and v axis. There is no visible vertical or horizontal translation, thus, the c-value and the d-

value are 0. The two parameter in this case is @ and &, and their purpose will be listed below:

The a value serves as a scaling factor for this function. By moving the value of a up or
down will result in a vertical stretch or vertical compression, respectively.

The b value determines the function’s rate of growth or decay. The & value can alter the
function’s overall shape and behaviour.

The power functions of 2 points can be solved by using substitution. It can be done by
first isolating the @ value, and then substitute the a value in the second equation to solve for the

bvalue. After that, substitute the & value in the first equation to get a @ value. This can be done
by using any of the 2 points from the table. | will find the @ and & value for each of the x values
and the x value which it is closest too. The reason | choose to substitute by using one x value
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and another of its closest x value is to avert a big variation in the final answer. At the end, taking

the average of the o and b values should get the model function.

WORK SHOWN: (All ANSWERS ARE ROUNDED TO 4 DECIMAL PLACES)
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Right now, there are seven b ralues as well as seven a values, They are listed below.

b, = —3.8188 b, = —2.9694 by = —5.4747
by = —3.8818 b = —3.5188 by = —3.5782
b, = —4.9233

In order to find the b value which is most appropriate for the model function, we must take the
average of all of & values and divide it by the number of & values. However, the values

b; = —4.92334 and b; = —4.9233 do not fit into the average range of -3 to -4. Thus, we will
eliminate those 2 values for this calculation.

bape = (by + by + by +b5+bg) +5
by = (—3.8188 — 2.9694 — 3.3818 — 3.8188 — 3.5782) + 5
bope = —3.6134

After finding the average of b values | we can use the same method to find the average of
a values by substituting b... . Again, az = 502706.5192 and a, = 399923.5004 does not fit in
the range of the calculation, thus, we can omit those 2 values.

a, = 9367.7745 a; = 2044.6213 az = 502706.8192

ay = 11028.6697 az = 9295.6143 g, = 4522.4718
a- = 3999235004

.-=:::Q1+Q:+Q;_+QE+Q6:|+5

(9367.7745 + 2044.6218 + 11028.6697 + 9298.8143 + 4522.4719) + 5

]
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a,.. = 7252.4704

The equation which | came up with is f{x) & 72524704 x x3%13% x =
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Human Tolerance to Horizontal G-force
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When this function is graphed with the original data points, it is apparent that the model
functions, appeared in dark black, differs from the original data. As you can see in the following
table, the model function misses point (6, 10) and (4.5, 30) .The point at which it alternates the
most is (4.5, 30). From my function, whenx = 4.5, ¥ * 31.6350. In order to improve the
accuracy of this function, f{x) must go through a vertical compression. Consequently, the a
value must be decreased.

Human Tolerance to Horizontal G-Forces (Original Data vs. Model Function)

+Gx (g) | Time (min.) Flx) ¥ 7252.4704 x x 3613
35 0.01 0.019105152

28 0.03 0.04278831

20 0.1 0.144325868

15 0.3 0.408129333

11 1 1.251750105

9 3 2.58479486

6 10 11.18701542

4.5 30 31.6350021
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By using the trial and error method, it is clear that by decreasing the value of a, the v

value would consequently decrease. However, the decreased value cannot be too large. This is
because at point (9, 3) it is already 2.5848; if the @ value is keep decreasing, the ¥ value would

fluctuate from the original value at 3. At first | tried the value of @ at 6000; however, | can see
that the when x = 4.5, f{x) = 26.172, the y value has significantly decreased, more than what |
have hoped for. Thus, the addition of @ value is necessary. Next, | tried the value of a at 6500.
The v value at x = 4.5 have made a notable jump, but still not close enough to the original value
of atv = 30. Finally, when | amplified the & value to 6800, the

flx) when x = 45is very close to the original data. It also fits the needs of other points, as it
shows that the margin of error is quite small among the bigger x values, and the biggest margin

of error is only -0.5765. In all, | believe that my final equation fits perfectly well with the data
presented.

F(x) ~ 6800 x x~3613% x = 0

Human Tolerance to Horizontal G-force
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+Gx Time flx) & 6000 x x~3613% flx) 6500 x x 3633 [ f(x) % 6800 x x 3613%
(2) (min.)

35 0.01 0.0158 0.0171 0.0179
28 0.03 0.0353 0.0383 0.0401
20 0.1 0.1194 0.1294 0.0135
15 0.3 0.3376 0.3658 0.3827
11 1 1.0356 1.1219 1.1737
9 3 2.1384 2.3166 2.4235
6 10 9.2550 10.026 10.489
4.5 30 26.172 28.353 29.661
+Gx (g) Time (min.) flx) = 6800 x x~36134 Margin of Error

35 0.01 0.0179 0.0079

28 0.03 0.0401 0.0101

20 0.1 0.0135 0.0035

15 0.3 0.3827 0.0827

11 1 1.1737 0.1737

9 3 2.4235 -0.5765

6 10 10.489 0.489

4.5 30 29.661 -0.339

There are several clear implications that my model function has shown. First, | can see
that as the Horizontal G-force increases, the amount of time that human can withstand it would
decrease at a fixed rate of decay. In another word, as the G-force is approaching the positive
infinity, the time that human can tolerance it would tend to zero. However, the time would never
be 0, because it would be impossible to measure the x value when time is 0. Thus, this graph is

approaching v = 0, but never really intersecting the ¥ — axis. Also, as the G-force decreases,

the time in which human can tolerate will significantly increase as well. Also, | can take my
model function right now and apply to other G-forces as well. | would expect that the function
and graph of human reaction time vs. Other G-Force to be similar to my function and graph. The
two relations would share the same base function f{x) = a{x — d)? + ¢. Other graphs would
have the similarities as the x valueis approaching positive infinity, the v value approaches zero.
Furthermore, | believe that with a slight variation in the a value, my function can suit any other
relations of human tolerance and G-force applied.




With the use of a regression program, Microsoft Excel, it can determine the power
regression for this set of data. The model function which Microsoft Excel found is
Flx) = 11473x73%8 When f(x) = 11473x77%% and f(x) = 6800x~*%13% are graphed on the
same axes, those 2 functions are basically identical. The only minor difference is that the
regression function is a little more vertically compressed in comparison to my function.

Human Tolerance Vs. G-Force (Regression & Model
Function)



The next table illustrates the tolerance of human beings to vertical G-forces. In this case, the x
value (+Gz) represents a positive acceleration in the vertical direction.

Human Tolerance to Vertical G-Force

+Gx (g) Time (min.)
18 0.01

14 0.03

11 0.1

9 0.3

7 1

6 3

4. 10

3.5 30

As noted from above, human can tolerate a lot more “eyeballs-in” than “blood towards
feet”. | expect that my first modeled function would not fit this set of data. As it is shown on the
graph below, my modeled function does not entirely fit the new data. Even though this new data
has the same basic function as my modeled function, f{x) = a{x — d)? + c. However, | can see

that the in order to approach to the new set of data, my modeled function must be vertically
compressed. Thus, | will have to lower the value of @ in order to fit into the new set of data.
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Human Tolerance vs. Vertical G-Force

In Relation to Modeled Function
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By using the method of trial and error, | realized that the value of @ must be significantly smaller
than the value | currently have, 6800. After several attempts, | have come to conclude at when
a = 2500. below is the set of data with the new graph. f{x) * 2500 x x~**1¥% is my revised

function that fits well with this data.
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Human Tolerance vs. Vertical G-Force
In Relation to Modeled Function
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There are several limitations of my modeled function. The most important limitation of
the model is that it would not apply to every human being. This is because the amount of time
human can tolerate has several factors other than the amount of g-force, others include:
location of its application, the person’s health, age, and courage. This model’s accuracy will
definitely take a fall after 11 g of horizontal G-force. This is because the amount of time a
person can tolerate any amount of G-force over 11 g would fluctuates from one to the next.
Because of other personal conditions involved, one person might tolerate 15 g of +Gx(g) for 0.3
minutes, and another person could only do it for 0.01 minutes. Thus, it is very difficult to give a
clear estimate of the number of minutes a person can tolerate a horizontal G-force greater than
11g. Another limitation is the fact that it only measures when the G-Force is greater than 1.
Thus, my function would not account for any time with the x value below 0. This is another

limitation as we cannot properly predict the v values when the x value is below 0.

In conclusion, | see that my model can be implied to all other relations between Human
Tolerance time and G-Force. This is because all of those relationships would undergo decay,
and it is certain that as G-Force is increasing, the tolerance time is decreasing. Thus, with the
alternation of the a value, | can find the functions of other relations between Tolerance Time and
G-Force.



