IIJ INDIANA UNIVERSITY

2= Center for Studies

S : :
== of Law in Action
=3 £

S
NIALSNA

Answers to Practice Problems

by
Rod G. Gullberg













































21.

we obtain an average value of 0.1575 g/210L. Comparing these average

into equation 9 as follows:

) |
‘ nx| 0078/ 100mI [1.96+0.85F =15.5~16
0.005 g / 100ml

So, we would need 16 individuals for our study.

The average value of a smooth continuous function of .time is
determined by integrating the given function over the time interval
involved and then dividing by the time interval. _The average value
over the time interval of 5 seconds is determlned'by-

fyBo(1- )+ Crae = [0.1501- e'Zt)+0003tdt—015t+0;5 oy

0023 £ S = 0.7125

Note that the middle term involving e™*® goes to zero when t=5 so it
can be disregarded. Now divide this integral by the time 1nterval ofv

5 seconds:
0.7125

=0.1425 g/210L

When the same procedure is done for the exhalation time of 10 seconds

values to the actual BrAC values from equation 1 in the problem and
determining the percent differences we obtain:

{0.158 -0.18

0100=-12.5%
0.18 |_,,

0.143 - 0.165
0.165

} «100=-13.6%
=5

So, no, it is not a constant percentage This problem is illustrated”’
1n the figure below: : o : C

BrAC Breath Alcohol Exhalation

0.2 -
BCSEER

0.1 4

0.05 - Average Value

Exhalation Time (sec)
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23.

_0.005. _We_therefore reject the null hypothesis and conclude that

First we must determine the percent by volume of alcohol associated .-
with each of the five measurements. We first use equation 10 to

‘determine the partition coefficient for ethanol in water heated to

34°C in the simulator. Placing T=34 into equation 10 we obtain:
Kou=23017.268 o066 = 2586

We use this result to next determine the concentration of the alcohol
in the beer using the following equation:

Cw Cw _ .
=Cv 2586 _Cv 0 =0.351g/100ml
Kowia™ 0.285 g/210L = Cn &

a

We then need to determine what volume 0.351 g/100ml of ethanol
occupies by using the density equation as follows:

D& g7g9 0-3518/100ml

. = X = 0.445ml/100ml
ml X ml/100ml

Our result is 0.445 ml/100ml which is equivalent to 0.445% by volume.
Doing this for the remaining four measurements we obtain the following
percent by volume estimates: 0.439, 0.434, 0.440 and 0.428. Their
mean is: 0.4372 with a standard deviation of 0.0065. We use

the following t-test since we do not know the exact population
standard deviation (o) and must estimate it with the sample standard

deviation (S):

t _X-p _ 04372-0.50
e~ e [ T 0.0065/5

From the table of critical t values we observe that for 4 degrees of
freedom (n-1) a t value of -4.604 would put an area in the lower tail
of 0.005. Our t result of -21,7 is much lower than the table value.
This means the area to the left of -21.7 is much smaller than 0.005.
This is interpreted to mean that the probability of obtaining the
results we did if the null hypothesis were true is much less than

= -21.7

there is evidence in support of the alternate hypothesis, that the
population mean alcohol concentration for this “alcohol free” beer is
less than 0.5% by volume. a

Using the truncated two digit and three digit results we obtaln the
following:

Two digit: mean = 0.070 g/210L sd =0 CV = 0%
Three digit: mean = 0.0767 g/210L sd = 0.0019 g/210L CV = 2.45% .

The significant differences are due to. using the different number of'
digits. One should clearly use the three digit data in this example.
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26.

. Cod
We would compute the confidence interval in the same manner as we did
in problem #5. We assume the one result is a random sample from a:
population having the same standard deviation as we would estimate if
they had provided two samples. The one sample was still

- vreceived from the same instrument method and general protocol. We now

use the following equation for the 99% confidence interval:

X+ 13 opee S = 0216+ 2.57 %0%L — g 116+ 0.016

/2)df =0 \/— \/j

This would yield a 99% confidence interval of: 0.100 to 0.132 g/210L

First computing the breath alcohol from equation 1 we obtain:

X,=- 1.3[111(1—%)] X,=-1 3[1 n(l —O—OS)J = 0.108396 g/210L

Next, computing the result from the approximation we obtain:

: 2 3 2 3 '
fo)=—1. 3(—x—x7—x—) = —13(- 008—%—%) = 0.108382 g/210L

Computing the results with a v=1.1 we obtain: 0.322999 9/21OL from the
direct method and 0.322075 from the approximation method. At all
concentrations the approximation method used by the instrument will''be
less than that found by direct calculation using equation 1.

Since the approximation is an expansion about v=0, the approximation”
result will deviate further from the direct calculation as results

' increase above zero. The deviation, however, is always to become

lower than the direct calculation. Moreover, this illustrates that,
using three terms in the expanded serles is more than enough for three

digit final results.

We have three different estimates (three labs) of this person’s BAC

. where each has different n and different variance (S;%) estimates. We

will want to use a weighted mean in which the weights will be

determlned accordlng to n and the variance for each lab.

Y, ] where : w; — —
n SZ
> wi : i
i=I .
where: Wy -~ the weight for the i*" lab
2 5 :
{0 000002](0 0850)+ [0 0000008J(0' 0836)* [0 0000029 }(0'0858) |
Y= > : 3 y = 0.0839 g/100ml
: + +
‘ {0.000002} [0. 0000008} [0. 0000029}
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27. If the thermometer is reading 0. 3° ¢ too low, then the simulator
headspace actually contained more alcohol than was thought.
Therefore, a higher concentration than realized was introduced into
the instrument during calibration. This would result in the
instrument measuring the alcohol concentration systematically low.
Given that a one degree centigrade change results in a 6.5% change in
headspace alcohol concentratlon, we can determine the percent change
resulting from a 0. 3% degree centigrade change accordlng to:

0.065 X
1’c 03°c

= X=0.0195=1.95%.

Based on this result, the instrument is reading all results 1.95% -
systematically low. Therefore, the subject’s mean BrAC should be
adjusted up by 1.95%. This is done by: '

0.125/0.132 = X=0.1285 = 0.1285(1.0195)=0.131g/210L

28. We solve the differential equation by integrating after the separation
of variables: '

dB 4B ‘ dB
E——k(B—BO): Sop ke J'B_

= J.—kdt — ImB-B, =-kt+C
Now exponentiating both sides we obtain:

B-B,=e¢*¢ = B-B,=C,e™™ = B=Cie™ +B,
Given the initial conditions of:

B(0)= Cmax = Cmax =C’Oe_k(O) +BO = Cmax '=C +B :> C Cmax _B :

From the non-linear regression we obtained the three parameter
estimates which we now put into our model:

B=0. 85e'°5’ +0.150

We solve for t when B = 0.165 g/210L
0.165=0.85¢75 +0.150 = 0.015=0.85¢"% = 0.0176=¢"%

' Taking.the natural log of both sides we obtain:
m0.0176=Ine™" = -4.04=-10.5¢ =  t=8.1min utes
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