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In investigations that we performed earlier [1], it was established that irradiation of different part, of the body 
of a rabbit with continuous microwaves (X= 12.5 cm) of nonthermal intensity ('/-12 milliwatts/cm 2) causes a "chrono- 
tropic effect" - a change in the sinm rhythm. The effect is rapidly reversible; it is manifested during the irradiation 
and for a short time afterward. 
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Fig. 1. Relative changes in the cardiac rhythm in rabbits, subsequent to irradiation of 
the dorsal parts of the body with impulse microwaves (X = 10 cm, l" = 1 microsecond, 
F -- ?00) of r~onthermal intemity (P = 3-5 milliwatts]cmt). Each point represents the 
mean of 16 uials. 1) Total doisal irradiation; 2) i~radiatioa of the back; 3) irrad- 
iation of the head, 

h'e considered it of unquestionable interest to carry out analogous investigations with impulse microwaves, 
whose biological activity is sometimes apparei~fly different from the action of the continuous type. The thermal ef- 
fect of impulse microwaves is determined by their mean intemity, which is usually considerably lower than the im- 
pulse intensity (proportionality coeff iclent-  product of the duration of the impulse times the frequency of tile im- 
pulses). Thus, at a nonthermogenic mean intensity, the impulse intemity will be comiderably higher. 

In this report, we describe an experiment involving investigation of the sinus rhythm in rabbit, subsequent to 
irradiation of different portiom of their bodies with impulse microwaves. The result, of these experiments are com- 
pared to corresponding data, obtained earlier from trials employing irradiation with continuous microwaves. 

EXPERIMENTAL METHOD 
t~s the source of impulse microwaves, we used a generator (developed by the VNIIMIiOI), yielding a wave 

length of ~. = l0 cm, a maximum impulse energy of Pimp = 40 kilowatt% and a frequency F of from 1 to "tO0 imp/ 
sec at ,in impulse duration of r .-- 1 microsecond. In our experiments, we used a frequency of '100 imp/see, known 
to be higher than the frequency of Possible ph)tsiological th]/thms. The average intemit), of the irradiation P ~. 3-5 
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milliwatu/cm t -  approximately half that used in the experiments wi~ continuous nicrowaves, The impulse intensity 
exceeded the mean intensity by 1400 rinses, 

To irradiate the animals, we used the same set up as in the investigations with the continuous microwaves re- 
ferred to above. The procedure, order in which the experiments were carried out (time of irradiation, irradiated area, 
recording of the rhythm, control experiments, ctc). and methods of statistical analysis of the experimental data were 
also the same as in the experiments with the continuous microwaves. The trials were carried out on 8 male rabbits, 
weighing 3-4 kg. 
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Fig. 2. P~lattve changes in the cardiac rhythm in rabbits, subsequent to irradiation of 
the ventral parts of the body with impulse microwaves (), = 10 cm. r = 1 microsecond, 
F = 700) of nonthermal intensity (P = 3-5 mill iwatts/cmt).  Each point represents the 
mean of 16 trials. 1) Total ventral irradiation; 2) irradiation of the stomach; 3) ir- 
radiation of the head, 

EXPERIMEN TA L RESULTS 
Figure 1 shows the data on the relative changes in rhythm subsequent to irradiation of the dorsal portion of the 

rabbit's body. With irradiation of the head and back. we observed acceleration or" the rhythm, beginning toward the 
end of the irradiation and markedly increasing after the exposure. Total dorsal irradiation led to acceleration only 
after the irradiation. 

TABLE 1. Change in the Percent of Cases of Slowing and Acceleration of the Sinus lq~ydlm in Rabbits. Subsequent 
to Irradiation of Different Parts of their Bodics with Impulse Microwaves (X = 10 cm, r = 1 microsecond, F = 700 
imp/see, P = 3-5 milliwatts/cm t) 

Part of the body irradiated 

l~orsaI sid~ 

Ventral side 

Edti;r *n;faee 
Back 
Head 
Entire surface 
Stomach 
Head 

S y m b o l s :  

Total 
number 

of 
measure 

ments 

- For ~0 minuies Of  
irradiation 

change in change in coef- 
the percent the percent ficien 
of eases of cases ~f the 
showing ac- showing chron 
celeration slowing ttopR 

(my) (m z) effect 

t o o -  o o 1,o " 
320 0 0 1.0 
320 * 23 - 23 1.57 
320 - 11 0 0.89 

320 - 15 + 14 0.75 
0.61 

change in 
the per- 
cent of 
cases 
showing 
acceler- 

For l0 minutes after the ir- 
radiation 

coef- 
the per- ficicnt 
c en to f  ]of the 
cases i chrono- 
showing I tropic 
slowing ] effect (K) 

ation (my: ~ 

0 0 1.0 
+ 16 21 1.47 
+ 31 ' 31 1.9 

0 0 1.0 
0 0 1.0 

0 1.0 

the coJ troL~ 

820 - 23 , 2 5  0 

§ increase in the percent of cases; - decrease In the percent of ca~es, In comparison wit 



Figure 2 presents the data'on the relative changes in rhy'thm subsequent to ventral irradiation. In all cases, we 
observed slowing of thc rhythm during the irradiation, disappearing within the fiist 5 minutes after the exposure. It  
must be noted that with general ventral irradiation the slowing was noted only at the end of the exposure. 

Table 1 contains the results of statistical analysis of the experimental data, in the form of values for the coef- 
ficient of the microwaves' chronotropic effect. The coefficient of the chronotropic effect K -- 100 + my/lO0 + m z, 
where m ,  and m z correspond respectively to the percent expressions of the number of cases of acceleration and slow- 
ing of the. rhythm as compared with the control. 

Wi~h dorsal irradiation, we noted a positive chronotropic effect (K > 1) only' in the ease of head irradiation. 
Total dorsal irradiation and irradiation of the back did not cause changes in the rhythm (K = 1). After the irradiation, 
a positiw: chronotropic effect was observed in two cases - with irradiation of the back and irradiation of the head. 

TABLE 2. Comparison of the Nonthermal Action of Microwaves on the Sinus Rhythm of Rabbits Subsequent to Con- 
tinuous 0, = 12.5 cm. P = 7-12 milliwattslcm 2) and Impulse (X = 10 cm. X = 1 microsecond. F = 700 imffsec, P = 
3-5 mil l iwat ts /crr~ Irradiation 

Continuous Irradiation 
during irradiation after irradiation 

Part of the body 
i~rradiated 

Dorsal side Entire surface 
Back 
Head 

Ventral Side Entire surface 
Stomach 
Head 

eoef- maximum 
ficient change 
of the m 
chrono- the rhythm 
tropic relative to 
effect ~control 
(K) numbei. 

~fbeats) 

1.0 0 
1.0 0 
1.3 + 1 
0.67 - 5 

0.73 - 3 

0.78 - 2 

:oef- 
,qcient 
of the 

chrono- 
uopic 

effect 
fK) 

maximum 
change 
in 
the rhythm 
relative to 
control 
(number 
of beats) 

0 

0 

+ 5  

- 5  
0 

2 

Impulse Irradiation 
during irradiation after irradiation 

coef- maximum 

ficient change 
of ~he in 

the rhythm 
chrono- 

relative to 
tropic control 
effect 

(number 
0<) 

of beats) 

1.0 0 

1.0 + 1 

1.57 § 5 
0.89 - 3 
0.75 - 5 
0.61 - 8 

coef- 
ficient 
of ~he 

chrono- 
tropic 

effect 

1.0 
1.47 
1,9 

1.0 
1.0 
1,0 

maximum 
change 
in 
the rhythm 
relative to 

control 
(number 
of beats) 

+ 4  

* 5  
* 13 

0 

0 

0 

Symbols: �9 acccleration of the rhythm; - slowing of the rhythm in comparison with the control, 

In all cases of vcnual irradiation we observed a negative chronotropic effect (K < I). most manifest with it.. 
radiation of the head, less with irradiation of the stomach, and least with total ventral irradiation. 

The experiments performed made it possible to establlsh that irradiation of the dorsal and ventral parts of a 
rabbit's body with impulse microwaves of nonthermogenic intensity causes a chronotropic e f f e c t -  a change in the 
sinus rh)'I:hm - during irradiation and for a short time afterward. In many, ways, this effect is similar to the chrono- 
tropic effect of continuous microwaves, but there is also a difference between them, 

We refer to the basic characteristics of the chronotroplc effcct for the impulse mlcrowaves in comparison with 
the corrcsponding characteristics of the chronotropic cffcct for the continuous type, this being analyzcd from the com- 
parative Table 2. 

At we pointed out, there is a basis for regarding the chronotropie effect of microwaves as a vascular-vegetatlve 
reaction, reflcxly arising as a result of direct action by the microwaves on reflcxogcnlc zones situated in the super- 
ficial tis..lucs. 

Above all, it must be noted that the effect of impulse irradiation was basically more manifest than the effect 
of continuous irradiation, despite the fact that the mean intensity' with impulse irradiation was approximately' half as 
great, This is not difficult to understand if it is taken into consideration that tile impulse intemity exceedcd the mean 
by 1400 times. 

With ventral irradiation, using continuous microwaves, the negative chronotrop[c effect was proportionately 
greater with larger irradiated surface areas. This relationship provided a foundation for regarding the effect as a 
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result of direct action by the microwaves on receptors of the slr With ventral irradiation, using impulse micro- 
waves, we also observed a negative chrot,otropic effect, but the proportional rclationship to the irradiated surface 
seemed to be inverse in this case. 

With dorsal irradiation of the head, both of the continuou~ and impulse type, we noted a positive chronotropic 
effect, more manifest in the latter case. One of the probable mechanisms in thie case is the direct action of the 
micro;~.aves on the cells of the brain. 

Dorsal irradiation of the animal's back with continuous microwaves leads to a negative chronotropic effect, 
while with impulse microwaves, the effect is positive. 

We see that the chronotropic effect of impulse microwaves differs considerably from the effect of the contin- 
uous tytx'., both in expressivity and in character, It is obvious that this difference can only be explained by first ana- 
lyzing the mechanism of nonthermal action of impulse and continuous microwaves. Here we can only note that with 
impulse irradiation one can expect a direct action on deeper tissues than with continuous irradiation. This stems from 
the fact that, in our experiments, the impulse intensity considerably exceeded the intensity of the continuous irra- 
diation. 

S U M M A R Y  
Irradiation of various parts of the rabbit body with impulse microwaves (X = 10 cm, 1 microsec, 700 impulses/ 

see) of nonthermal intensity (3-5 milIiwatt/cm z) affectcd the sinus rhythm during the irradiation (t0 rain) and im- 
mediatelLy after it (10 rain). Irradiation of ventral parts caused a shift of the rhythm in the direction of retardation 
and of dorsal ones - in the direction of acceleration. This chronotropic effect of the impulse microwaves was more 
pronounced than the effect of the continuous microwave irradiation (Communication I). The possible cause of this 
differenc.e lies in a deeper penetration into the tissues of the impulse microwaves in comparison with the continuous 
ones. 
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