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Friday each week. The subject was required to work in the 
heat at eighth day acclimatization conditions on Mo->^ys.

Prior to each experiment, the subject rested in a room 
adjacent to the wind tunnel for a minimum period of 30 
minutes. The rest room was maintained at a dry-bulb 
temperature of 28°C. On entering the rest room he un­
dressed and donned an athletic support and a pa.ir of 
sandals. Orai and rectal temperatures were measured usinq 
clinical thermometers. Thereafter the skin temperature 
thermocouple harness was attached and the rectal tempera­
ture probe inserted. Preparation of the subject took 
approximately 10 minutes.

Checking of conditions within the calonmetric chamber 
commenced during the "rest" period. Base line signal 
levels for the heat exchange measuring transducers were 
stored during the rest period.

On entering the test chamber the thermocouples were 
plugged into the automatic data acqusition system. The 
subject's initial weight was then measured. He then 
commenced stepping at the required rate for the tour hour 
period.

Weight measurement was performed every 30 minutes and a 
record of water drunk and urine passed was kept. Water 
was supplied at 28°C every 40 minutes. The quantity of 
water given to the subject was determined by the weight 
lost during the previous 40 minute period. By replacing 
the sweat with water the state of hydration of the subject 
was maintained.

Expired oxygen samples were collected after the first half 
hour and at hourly intervals thereafter.

Skin and rectal temperatures as well as heat transfer 
measurements were logged automatically every two minutes.



Fifteen point skin temperature measurement was performed 
after the second and fourth hours.

On completion of the four hours of exercise, oral and 
rectal temperatures were once again taken using clinical 
thermometers. After a final weight measurement was taken, 
the subject was then disconnected from the automatic data 
acquisition system and allowed to leave the test chamber. 
3^seline signal levels from the heat transfer measuring 
instruments were recorded.

In the afternoon after experimentation the heat transfer 
measuring systems were calibrated. All equipment was 
checked and cleaned, ready for the following day's experi­
ment. Environmental conditions and step height were 
changed for the next day. The antire experimental pro­
cedure is summarized in Figure 3.6.
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CHAPTER 4 

PHYSIOLOGICAL CONDUCTANCE

4 .1 Data Analysis

The experimental results are tabulated in Tab.!3 II .1. 
Rectal and mean skin temperatures were averaged over the 
time period when body heat storage, St calculated from

A T j-g A T g
St = mCb (0,9 ---- + 0,1 ---) 1000 (4.1)

At At

was less than 10 per cent of the metabolic heat 
production. Environmental conditions and metabolic rates 
were averaged over the four hour duration of each 
experiment. Physiological conductance was calculated from 
averaged values of Tre, Ts and M as per Equation (2.14).

4 .2 Model Formulation

The data plotted in Figure 4.1 shows a difference between 
physiological conductance at rest and during exercise, but 
no clear difference between physiological conductance at 
various levels of exercise.

The logistic function (Reed and Berkson 1929) can be used 
to represent the sigmoidal shape of the data in Figure 4.1 
and has the following form

Y = d + -----2---- —  (4.2a)
1 + exp(~rX)

where X » — ---------- (4.2b)
(j“Tmb' C^mb-!)
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Figure 4.1 DATA PLOTTED TO SHOW THE DIFFERENCE 
BETWEEN PHYSIOLOGICAL CONDUCTANCE AT 
REST AND DURING EXERCISE
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The pa. -met .*c d specifies the lower limit on Y whilst the 
addition of parameters d+g specifies the upper limit on Y. 
The parameters i and j represent the values of Tmb at 
which Y reaches its lower and upper saturation level 
respectively. The parameter r determines the gain of Y/X 
between saturation levels.

4.2.1 Physiological conductance as a function of the 
weighted body temperature driving signal

The first approach adopted was to fit a curve through K 
versus Tmb for all the data involving exercise and a 
separate curve through all the data at rest. A non­
linear, least sqaures parameter estimation technique was 
applied in order to determine values for the parameters 
which best described the data (Draper and Smith 1966).

At rest

K = 9 + ---— --- (4.3a)
l+e~6'7X

and for exercise

K * 13 + 93
l + e~7 , 5X (4.3b)

where X * (39,5-Tmb (Tmb-35) (4.3c)

A plot of Equations (4.3a and b) with data superimposed
are shown in Figure 4.2. Figure 4.3 (a) and (b) show the
best fit regression lines through predicted conductance
versus actual conductance for Equations (4.3a) and (4.3b) 
respectively.



/
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Figure 4.2 PLOT OF K VERSUS Tmb SHOWING PREDICTIVE
MODEL FOR PHYSIOLOGICAL CONDUCTANCE DRAWN
THROUGH DATA COLLECTFD AT :ST AND DATA

COLLECTED DURING EXERCISE
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(b)
Fiaure 4.3 PREDICTED CONDUCTANCE VERUS ACTUAL 

CONDUCTANCE (a) AT REST, (b) DL'RINC 
--- EXERCISE

ACTUAL CONDUCTANCE
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4.2.2 Physiological conductance as a function of
the weighted body temperature driving signal 
and metabolic rate

The second approach was to determine K as a function of 
Tmb and metabolic rate, M. In order to identify M as a 
second independent variable in the logistic function, K 
was plotted against M for low values of Tmb (Tmb £ 36,2°C) 
and high values of Tmb (Tmb 2 38,5°C) (see Figure 4.4).
The plot for low values of Tmb indicates that the lower 
saturation level of K varies with M in a linear fashion. 
Accordiigly the parameter d in Equation (4.2a) has been 
reoresented by the following expression,

d = Cx + C2M (4.4)

Similarly the relationship between the upper saturation 
level of K for high Tmb has been expressed as an 
exponential,

d + g = Ci + C2M ♦ C3(l-exp(-C4 (M-C5))) + C6 (4.5)

Introducing Equations (4.4) and (4.5) into the overall 
logistic function,

C3(l-exp(-C4 (M-C5)) ) + C6
K * Ci «■ C2M + ------------------------- (4.6a)1 1 1 + exp(-C7X)

where X = -------- - -------- (4.6b)
^ 8-Tmb^ T̂mb_(-9 ̂

The same non-linear, lease squares parameter estimation 
technique was applied to all the data, both resting and 
exercising. Parameter estimates were as follows:
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Figure 4.4 PHYSIOLOGICAL CONDUCTANCE VERSUS METABOLIC 
RATE FOP, TmL . 3c,3uC AND Trn̂  joTT^C
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Cl = 7,1
C2 s 4,4 x 10-2
C3 = 51 ,6
C4 = 1,9 x 10*2
C5 •= 63 ,0
c6 = 51,0
c7 s 8,8
c8 s 39,5

= 35,0

F igure 4.5(a) demonstrates
functional relationship between K, Tmb and M. Figure 
4.5(b) shows the best fit regression linss through 
predicted conductance versus actual conductance.

In order to show more clearly the manner in which Equation
(4.6) describes the experimental data, the following mani­
pulation was performed. The data was divided ir to meta­
bolic rate groups spanni +20 W/m2 on each side of the 
following intervals, 240, 180, 140, 100 and 60 W/m-. The 
average value of metabolic rate tor each group was calcu­
lated and used in Equation (4.6) to plot K versus Tmb.
The actual data points in each group were then super­
imposed on the line. Figures 4.6 (a), (b), (c), (d) and 
(e) demonstrate the result of the analysis.

4.3 Discussion

Two predictive models for physiological conductance have 
been presented. The first describes physiological conduc­
tance in terms of a weighted body temperature driving 
signal, separate equations are presented for work and 
rest. The second describes physiological conductance in 
terms of a weighted body temperature driving signal and 
metabolic rate. Table 4.1 gives the comparative statis­
tics for the various models. An analysis of variance 
indicates that the two predictive models are significantly 
dirfer°nt at the two per cent level (P < 0,02). The


























