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Tt has been shown that when an electric current flow- 
I ing preponderantly in one direction is applied to the 
body the effect of the passage of that current through the 
tissues is largely chemical in nature. The ideal current to 
produce such effects is one which in addition to flowing in 
one direction only is constant and unwavering in intensity, 
and can be turned slowly on or off as needed. Such a cur
rent is generally known as a galvanic current, and its appli
cation to the body is known as galvanism.

Indications for the use of galvanism in therapy are many, 
but before an attempt is made to show some of the more 
popular uses for the galvanic current a few general obser
vations about the production and control of the chemical 
effects of electric currents are offered.

therapeutic action. The chief therapeutic action of 
the galvanic current is due to the reflex action resulting 
from the electrolytic stimulation of the cutaneous and sub
cutaneous nerves immediately beneath the areas over which 
the current is applied. By this reflex stimulation the valu
able sequence of effects of an increased blood supply is 
obtained.

This stimulation is very similar in nature to what has 
been termed “counter-irritation,” with the great advantage 
that the amount of stimulation is capable of exact regula
tion, and that it takes place largely within the epidermis, 
thus acting directly on the nerve endings. It can be con-



tinned for as long as several weeks with repeated applica
tions, improving the condition of the skin rather than de
stroying it, as the constant painting on of an irritant might 
do. The extent of this stimulation is dependent on the 
strength and duration of the current employed, the nature 
of the solutions with which the conducting pads are mois
tened, and the polarity at which the solution is applied.

When the positive electrode consists of zinc or copper 
(or salts of these metals in solutions), a caustic and destruc
tive compound such as the chlorides or oxychlorides of 
the metals is formed in the submucous or subcutaneous area 
by the combination of zinc or copper ions proceeding from 
the positive pole to the tissues, and chlorine ions pro
ceeding from the tissues to the positive pole. This method 
may be valuable for the safe destruction of diseased mem
branes of cavities, such as the uterus, or the lining of septic 
cavities.

. Similarly, by reducing dosages, or employing milder 
solutions, a reflex stimulation to the tissues can be accom
plished. The amount of stimulation depends on (a) the 
nature of the solution, and (b) the strength and duration of 
the current. In general the best results are obtained from the 
solutions that have the least irritating properties, and the 
application of current in such strength that it can be 
tolerated as long as 40 minutes by the patient.

All the tissues of the body conduct electrical energy to 
a varying degree, the medium of conduction being the fluid 
of the body. This fluid may be regarded as a combination 
of several salt solutions (electrolytes). Current is trans-
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mitted in the fluid through the migration of ions. When 
current is applied to the body through an electrolytic con
ductor, the body and both electrodes should be regarded 
as three rows of electrical conductors between which ions 
are exchanged.

galvanic terms. Many terms have been devised to 
denote some phase of the electrolytic process involved in 
the applications of the galvanic current: ionization, electro
phoresis, cataphoresis, medical galvanism, and common ion 
transfer. Ion transfer seems to be gaining in favor as the 
word best suited to describe many galvanic technics. Sur
gical galvanism is a term applied to any process where the 
galvanic current is of such intensity that actual destruction 
of the tissues adjacent to the electrodes is accomplished.

depth of ionic penetration. The question of just 
how deep ion penetration may go into the tissues is impor
tant, because there must be no possibility of producing 
deep-seated destruction within the tissues. In spite of many 
claims that have been made for deep penetration of elec
trically induced ions, it is doubtful that very many ions are 
introduced deeper than the outer strata of the body. Ion 
transfer is essentially an intradermal form of treatment, and 
systemic effects are rare except with the use of certain 
drugs of high potency, effective when absorbed in very 
small dosages. Galvanic ionization effects may last for 
hours, for the skin acts as a reservoir of the drug, which is 
absorbed later. Some ions (iodine, for example) undoubt
edly have greater penetration than others. A few sub
stances, such as histamine, may produce a very strong skin 
reaction.



Deposits electro-positive ions 
Less powerful contractions 

on “make”

Positive pole
Vaso-constriction
Liberates oxygen
Dries, hardens tissue
Hard, unyielding scar
Less painful (sedative)
Attracts acids
Stops hemorrhage
Contracts tissue
Relieves pain in acute condi

tions by reducing congestion

POLARITY EFFECTS OF THE GALVANIC CURRENT

Negative pole
Vasodilation
Liberates hydrogen
Liquefies, softens tissue
Soft scar
More painful (irritant)
Attracts alkalies
Promotes hemorrhage
Relaxes tissue
Relieves pain in chronic con

ditions by increasing cir
culation

Deposits electro-negative ions
More powerful contractions

on “make”

physiological considerations. The galvanic current 
has two important physiological effects, according to which 
pole is applied. If two small electrodes are attached to a 
portion of the body, connected to the positive and negative 
poles respectively, and a galvanic current is turned on, cer
tain chemical effects occur adjacent to each electrode. First 
of all, at the negative electrode there would be a liberation 
of hydrogen, and the litmus reaction would be alkaline. At 
the positive electrode oxygen would be liberated, but prob
ably this active element would not be noticed since it would 
unite with the metal of the electrode, or oxidize some of 
the tissue at the site. Some of the observations may be sum
marized as follows:

ion transfer. Ions of medical substances can be intro
duced into the body through the skin and mucous surfaces
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Pole
Positive
Positive
Positive
Positive

Negative
Negative
Negative

Solution
Zinc sulphate
Copper sulphate 
Histamine chloride
Mecholyl
Potassium iodide
Sodium chloride
Sodium salicylate

by taking advantage of the distinctive properties of each 
pole. Ions with a positive charge are introduced into the 
tissues from the positive pole (examples: metals, alkaloids'). 
Negatively charged ions (such as iodine, chlorine, and acid 
radicals) are introduced by the negative pole.

If doubt exists as to the correct pole at which to apply 
a certain electrolyte, reference should be made to its chem
ical formula, for the electropositive atoms are always listed 
first. For example, from the formula for potassium iodide 
KI we see that potassium ions are applied at the positive 
pole, iodine ions at the negative pole.
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COMMONLY USED SUBSTANCES, WITH POLAR APPLICATIONS

Ion 
Zinc 
Copper 
Histamine 
Choline
Iodine
Chlorine
Salicylate

moist electrodes necessary. The dry skin is a poor 
conductor of electricity and therefore all applications of 
galvanic currents should be made with the skin well mois
tened. Electrodes should be well moistened throughout the 
treatment and should make especially good and uniform 
contact with the skin. They may be moistened with water 
or a solution of the drug or chemical to be used. If distilled 
water is used a small amount of salt should be added to im
prove conductivity.



ions in the body. The galvanic current may also in
fluence the dispersal and concentration of ions already in 
the body. It is possible, because of this fact, that the simple 
passage of the unidirectional current through the body 
may have its greatest therapeutic effect.

immediate effects. The immediate effect produced 
on the skin next to the electrodes is mainly an increased 
sensitivity, and a prickling, possibly a mild burning sensa
tion, occurs. This reaction may last for quite some time 
after the treatment is terminated, and the degree of irrita
tion is in proportion to the intensity and duration of cur
rent flow.

intradermic treatment. Since ions can not be made 
to migrate very far below the surface of the skin or mu
cous membranes in any large number, ion transfer is es
sentially an intradermic form of treatment. For best results 
the following facts should be noted: (i) inorganic ions 
from the contact electrodes will travel better than organic 
ones; (2) weak solutions are better than concentrated solu
tions; and (3) there must be sufficient time and strength of 
the galvanic current. For the introduction of drugs it is 
often advisable to make special applicators for each treat
ment, to eliminate the possibility of contaminating the stan
dard electrode pads. Blotting paper may be moistened with 
the solutions to be used and applied directly to the skin, 
with flexible metal backing, such as tinfoil, making the con
tact with the current source.

mucous surfaces. For treatment of mucous surfaces 
such as cervix, nasal cavity, etc., special metallic electrodes
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of proper size and shape, or a packing containing the solu
tion with the desired ions, are placed in direct contact with 
the walls of the cavity, and serve as the active electrode.

vasodilating drugs. Interest in histamine and other 
vasodilating drugs for improving peripheral circulation in 
rheumatism, arthritis, and other conditions led to the dis
covery that when administered by ionization these drugs 
are readily absorbed, with well-controlled local and sys
temic effects following the treatment.

apparatus. The simplest galvanic apparatus consists 
of an electric battery, made up of a number of individual 
cells in series, with a variable resistance to control the in
tensity of the current from zero to maximum. A meter, 
calibrated in milliamperes, is almost a necessity, for the re
action of the patient is not a dependable guide to the cur
rent intensity. Motor generator sets, too, are in general use, 
and they are equipped with filter arrangements to smooth 
out the current flow and to eliminate the contraction-pro
ducing pulsations that would otherwise be present. More 
recently house-current rectifying devices similar to the 
power packs of radio receivers have been very popular.

surging galvanism. Some instruments provide a 
means of surging the galvanic current, in several instances 
with a complete reversal of polarity with each surge. In 
every type of instrument it is necessary to employ a rheo
stat or current control device of sufficient capacity so that 
the current may be increased or decreased in easy stages 
without jumps or irregularities, which might cause muscu
lar contractions or shocks to the patient.
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cell bath (galvanic)
2. cell baths. By this method the limbs or parts of 

the body to be treated are immersed directly in the electro-

METHODS OF APPLICATION

There are three generally used methods of making con
tact with the body and thus completing the circuit so that 
galvanic energy may be applied:

i. moist pad electrodes. These consist of flexible 
metal dispersal plates, covered with absorbent material, 
such as linen, felt, cotton, or asbestos, and sufficiently thick 
to distribute the current uniformly to the surface of the 
skin. Electrodes should be available in a variety of sizes so 
that all necessary applications can be made. The solution 
held in suspension by the absorbent material conducts the 
current from the metal plate of the electrode to the skin.
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lyte, in tanks, trays, or basins filled with the solution, and 
the current is passed from the solution to the body.

3. bare metal electrodes. These are employed 
chiefly upon mucous surfaces within the natural cavities, 
or inserted into tissue by needle puncture. The positive 
pole attacks and decomposes most metals, except platinum 
and gold. Carbon may also be used for some types of ori- 
ficial electrodes.

care of electrodes. Most applications of galvanism 
are made with moist pad electrodes. The pads should be ex
amined carefully from time to time and should be replaced 
when decomposition due to electrolytic action is in evi
dence. The pads should be thoroughly and uniformly mois
tened with mild saline solution, and they should be ster
ilized regularly. For sanitary reasons an extra layer of moist 
cloth or paper should be placed between the moist pad elec
trode and the skin.

rules. The following points should be observed in 
making surface electrode applications

1. The size and shape of the active electrode should be 
determined according to the area to be treated.

2. The indifferent (dispersive) electrode should be at 
least equal to and preferably greater in size than the active 
electrode.

3. Do not treat with greater current intensity than one 
milliampere per square inch of active electrode area. A safe 
treatment rule is to keep the current intensity at not more 
than one half this amount.

introductory treatment. When a patient is being
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treated for the first time it might be well to explain briefly 
the nature of the treatment and the sensations to be experi
enced. It is not uncommon for patients to be fearful of 
“electric shock,” and they are unable to relax unless men
tally prepared. The part to be treated should be well sup
ported, to avoid fatigue, and the patient should be made 
comfortable. Blankets, bath towels, and rubber sheeting 
should be provided if necessary to keep the patient’s cloth
ing dry. The skin of the areas to be in contact with both 
the active and the inactive electrodes should be examined 
carefully. All traces of oils, ointments, liniments, or other 
applications, when found, should be carefully removed 
with alcohol, or with soap and water. Foreign substances 
may increase the possibility of skin burns. If abrasions are 
found they should be covered with dry gauze and adhe
sive tape.

Electrodes of the proper size and shape should be applied 
only after being thoroughly soaked in weak saline solution. 
They should be bound firmly in place, or supported snuglv 
with pressure in such a way as to make firm and uniform 
contact. A perfect contact is necessary to prevent spotted 
current concentration.

preparing the instrument. Make sure that all 
switches of the apparatus are turned off before the patient’s 
lead cords are connected to the electrodes. Examine all 
wires and connections to see that contacts are secure. Check 
the polarity-changing switch to see that the polarity of the 
active electrode is correct for the solution to be ionized. 
The power control should be set at zero before the instru-



ment is turned on, or before the polarity switch is changed.
starting treatment. To start the treatment the cur

rent should be turned on by slowly advancing the power 
control knob (rheostat). If a stinging sensation is felt by 
the patient it might be well to wait a few minutes before 
advancing the power to the predetermined intensity, as 
shown by the milliammeter. In any case of excessive burn
ing or painful sensation, the current should be turned off 
slowly, and the patient’s skin re-examined for possible ab
rasions, or the electrodes checked for insufficiently mois
tened pads, or faulty contact.

When the current is to be applied for a period longer 
than 20 minutes it is sometimes necessary to moisten the 
electrodes again to prevent excessive skin irritation.

At the end of the time prescribed the current should be 
turned gradually and completely off. The electrodes may 
now be removed, the patient’s skin dried and examined, and 
possibly dusted with talcum powder. There should be no 
more than a slight redness of the skin under the electrodes, 
and a slight feeling of warmth in the areas treated, except 
when histamine and similar drugs have been used (from 
which a more intense reaction is anticipated). If burns 
should be produced they are the result of metal touching 
the skin during treatment. They will never occur if care
ful technic is employed.

tests for polarity. If there is any doubt about the 
polarity of the galvanic current, a quick test may be made 
in either of the following ways:

i. Immerse the two cord tips in a tumbler of water, with 
the terminals about i inch apart. Turn on about 20 ma. of
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current. The tip that shows the formation of the greatest 
number of bubbles is the negative pole.

2. Grasp a treatment electrode in each hand. Turn on 
about 5 to 8 ma. of current or more if necessary, and then 
change the position of the polarity switch. The hand that 
receives the sharpest contractile impulse is connected to the 
negative pole.

SUMMARY OF TREATMENT PRECAUTIONS IN

GALVANIC APPLICATIONS

1. Patients should experience little, if any, sensation dur
ing treatment. A slight tingling is all that is permissible.

2. Watch carefully for abrasions, and cover them.
3. Check all contacts carefully before starting treatment.
4. The current must be turned on slowly, the patient 

being watched for possible distress. Turn current off with 
equal care.

5. Anesthetic and scar areas must be treated with ex
treme care.

6. If adjustment of electrodes is necessary, the current 
should first be turned off slowly and completely.

7. Any erythema or slight reddening or increased sensi
tivity of the skin should be allowed to subside before fur
ther treatment. To produce the best results the galvanic 
current must be administered with carefully selected and 
individualized technic.

SOLUTIONS FOR IONIC MEDICATION. The Solutions for 
ionizations may be prepared in advance and kept in stock 
solutions to be diluted at the time of use. A dilution of two 
per cent may be used in most instances, except substances



which are painful of introduction, such as zinc chloride, 
when i % is of sufficient strength. Histamine may be used 
in solutions weaker than 1/ 10th of i%.

Zinc solution-, zinc sulphate, 75 grains; glycerine, 2 
ounces; water, 3 5 ounces. Dilute one half when using.

Zinc gelatin: zinc sulphate, 8.75 grains; gelatin, 65 
grains; water, 1 ounce.

Sodium salicylate solution: sodium salicylate, 175 grains; 
water, 1 pint. Dilute one half when using.

Iodine: potassium iodide, 2%.
the antiseptic ions. The following ions may be em

ployed for their antiseptic properties: zinc, copper, mer
cury, silver, and chlorine. The metals are applied at the 
positive pole, chlorine at the negative.

A few of the other ions that have been used are quinine, 
calcium, magnesium, cocaine, adrenalin, aconite, and thio- 
sinamin, applied at the positive pole; and sulphur, chrom
ium, fluorine, oxygen, and phosphorus, applied at the nega
tive pole.

REPRESENTATIVE GALVANIC TECHNICS

medical galvanism. Moist pad electrodes are placed 
adjacent to the areas to be treated, and current strength is 
kept well below the patient’s tolerance. Treatments may be 
from 10 to 40 minutes in duration, with intensities as high 
as 20 to 30 ma. The pads are moistened with water (slightly 
saline), and no attempt is made to introduce additional ions 
into the body through the skin.

Medical galvanization may be employed in (1) rheuma
tism and chronic arthritis, (2) inflammation resulting from

C 13 J



traumatism, contusions, and myositis, (3 ) neuritis and neur
algia, and (4) chronic circulatory disturbances, such as 
neurasthenia.

The treatment is based on the theory that galvanic cur
rent applied to a part of the body surface causes vasomotor 
stimulation of the skin and increased circulation and nutri
tion of the parts in the path of the current. This speeds up 
the resolution of the inflammatory products, and the re
sultant relief of pressure relieves pain. This treatment may 
be applied by means of the galvanic cell baths.

ion transfer. The same general technic is followed 
in ionization as that used in medical galvanism, except that 
strict attention is paid to the polarity of the active elec
trode. Special solutions are employed for specific effects, 
and it is important that the correct pole be employed. Blot
ting paper may be moistened with the drug solution and 
applied directly to the skin, with moist gauze or asbestos 
pad over the paper. The dispersive electrode is soaked only 
in saline solution.

histamine ionization. Due to the intensely irritating 
quality of histamine, treatment intensities and duration are 
less than with most ionizing solutions. Use 1/1000 solution, 
14 ma. per square inch, 3 to 5 minutes, positive pole.

The resulting skin reaction often results in an itching 
sensation and the formation of definite wheals on the skin. 
Sometimes the reddening extends beyond the area of the 
electrodes. There is a rise in temperature of the treated area. 
The reddening disappears within a few hours.

mecholyl. Mecholyl ionization is used in arthritis and 
circulatory disturbances. This compound is described as



the antagonist of adrenalin. It is applied at the positive pole, 
i% solution, 15 to 30 ma., 10 to 20 minutes. It is contra
indicated where there is fever, or for patients who have 
bronchial or other types of asthma. It must be used with 
caution in cases of heart involvement. Its use includes per
ipheral vascular pathologies, including Raynaud’s disease.

ear infections. Zinc ionization has been used in un
complicated middle-ear suppuration, especially with large 
drum perforation. The canal and middle ear are carefully 
cleansed with cotton applicators wet with 1% zinc sul
phate solution. Then with the patient lying on the opposite 
side, the ear and canal are filled with the same solution. The 
positive pole of the galvanic current is connected by means 
of a zinc wire electrode to the solution-saturated cotton in 
the ear, protected by means of a glass or rubber speculum. 
Current strength is 2 to 3 ma., 1 o to 15 minutes. Two treat
ments per week may be given safely. If auditory nerve dis
turbance follows the treatment, it is sometimes relieved by 
the application of faradic current at tolerance, for 5 
minutes.

ZINC IONIZATION FOR RHINITIS AND HAY FEVER. After 

anesthetization, the nasal cavity is filled by packing with 
slender pledgets of cotton wet with 1 % zinc sulphate solu
tion, or with zinc jell. The olfactory area of the upper nose 
must not be so packed, or anosmia may result. A slender 
zinc wire is wrapped lightly in cotton and is introduced 
between the inferior turbinate and the septum. The wire 
must penetrate the pack almost its entire length, but the 
bare wire must not touch the tissues. Apply the positive 
pole, to a tolerance not exceeding 10 ma., for 10 to 15 min-
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utes. Pain, similar to neuralgia, may follow for a period of 
eight to twelve hours.

copper ionization of cervix. A set of Tovey elec
trodes is recommended, with tips of various sizes. A series 
of negative galvanic applications, with slightly larger dilat
ing electrodes each succeeding treatment, will soften the 
tissue and dilate the canal preceding copper ionization. The 
largest copper electrode that can be passed should be used 
for the final treatment, 15 to 30 ma., for 20 to 30 minutes, 
causing a chemical coagulation of the membranes lining the 
canal. Reduce current to zero, reverse polarity, and apply 
negative current for an additional three to five minutes in 
order to insure against membranes’ adhering to electrode.

scars. Use 1 % solution of sodium chloride, or potas
sium iodide, on a thick pad making good contact with the 
scarred area. Use current intensity of 5 to 30 ma., depend
ing on the size of the area treated, for 30 minutes. Daily 
treatments may be given. Satisfactory results have been re
ported where treatment has been continued over a period 
of several weeks.

endometritis. Copper or zinc metallic electrodes are 
used, with a dosage ranging from 10 to 25 ma., for 15 to 
30 minutes. After the positive treatment the polarity must 
be reversed in order to withdraw the electrode.

hemorrhoids, rectal prolapsus. A copper electrode 
is used, positive pole, 10 to 15 ma., 10 to 15 minutes. Best 
results are obtained with the electrode covered with gauze 
or chamois and saturated with 2 % copper sulphate.

removal of superfluous hair (epilation) . A suffi
cient strength of current (.5 to 2 ma.) is applied by means
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of thin needles inserted into the hair follicle to destroy the 
follicular lining, the papilla, and the hair root. If properly 
carried out, this treatment is followed by a smooth and al
most invisible scar and the total disappearance of the un
wanted hair. The negative pole is employed.

removal of moles and warts. Because of the safety 
of the method and excellent cosmetic results, many men 
prefer the galvanic method, although the high frequency 
method is now largely used for the destruction of super
ficial growths. Skin conditions that may be successfully 
treated with electrolysis are moles with hair, rosacea, spider 
nevus, angioma of small size, filiform and flat warts, and 
adenoma sebaceum.

hemorrhoids—keesey method. A specially construc
ted steel needle with an insulated shaft is used as the active 
electrode from the negative pole. The needle is inserted in 
the longitudinal axis of the lumen of the hemorrhoidal vein, 
care being taken not to transfix it. Needles with different- 
length tips are available, so the correct size can be selected. 
Each has a finely tapered edge of the insulating shaft, so 
that the hydrogen gas generated at the tip of the needle will 
not be permitted to escape.

A current of i o to 15 ma. is applied for 5 to 1 o minutes 
until the entire tumor turns dark red or black in color. Fol
lowing the treatment, the thrombosed mass is absorbed with 
very little pain. Large hemorrhoids should be treated about 
every third day, separate parts of the tumor being treated 
with a current flow of not more than five minutes after the 
first application. Keesey estimates about six treatments are
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Luigi Galvani (G3~[~G9^), tin Italian physician who thought he 
discovered electricity in animal matter, and ]rom whose name the 

word galvanism is derived
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required for the average large mass, and it is claimed that 
recovery is smooth, hemorrhage never occurs, and recur
rence is rare. This method is for internal hemorrhoids only.

ulcers. Zinc sulphate with the positive pole, or potas
sium iodide with the negative pole, is used, with a strength 
of i to 3 ma. per square inch, io to 20 minutes duration.

copper ionization for fungus. Treatment is made by 
placing the extremity in a cell bath, in which it is immersed 
in 1% copper sulphate. The positive pole is used, 15 to 25 
ma., 15 to 30 minutes. To insure uniform distribution of 
the current, the skin should not come in direct contact with 
the copper electrode used to distribute the current through 
the solution. The negative electrode is placed on the 
upper part of the leg.

paralysis. The galvanic current in therapeutic dosages 
seldom produces contractions. In some cases this fact has 
led to the erroneous belief that galvanism is of no value 
in the treatment of paretic muscles. Although actual con
tractions of the muscles may not be produced, the excita
bility of the muscles is increased, and local increase in 
temperature follows the treatment. This hyperemia may 
be very pronounced, and involves not only the skin, but 
also the subjacent layers.

The treatment examples given here are indicative of the 
wide range of therapeutic applications that may be made, 
using the galvanic current for its chemical effects on the tis
sues of the body.



WAVE LENGTHNATURE OF WAVE

.003 - .00003 AUIO21 - IO25

.02 - .01 AU

IO17 - IO18

200 to 3900 AU

24 X IO8 12 cm.

5 x io7 6 meters

2 x io7 15 meters

io6 300 meters

60 5 x io® meters

The electromagnetic spectrum as used in therapy

3900 AU - 7700 AU

7700 AU - .04 cm.

Visible light

Infra red (or heat rays) 
Produced by heated 
matter.

Microthermy (radar energy) 
Produced by cavity mag
netron oscillators.

Ultra short wave diathermy 
Produced by tube 
oscillators.

Cosmic rays
Received from interstellar 
space. Discovered by Milli
kan. Origin suspected to be 
associated with changes in 
atomic structure.

Gamma rays
Emitted from radioactive 
substances.

X-rays
Discovered by Roentgen. 
Produced by bombard
ment of matter by cathode 
particles in high vacuum.

Ultra violet rays
Produced by high pressure 
and low pressure electric 
arcs and by high tempera
ture incandescent bodies.

House current
Produced by mechanically
powered electric 
generators.

Note: 1 AU (Angstrom Unit) equals 1/100,000,000th cm.

io15

io20

.01 - 5. AU

Short wave diathermy

Conventional diathermy 
Produced by spark gap 
oscillators.

- io16

4X io14-8x io14 

io11 - 4X io14

REPRESENTATIVE WAVE LENGTHS

CYCLES PER SECOND


