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My invention relates to induction apparatus 
having particular application to electric ignition 
Systems for internal combustion engines. 
An object of my invention is to provide induc-. 

tion apparatus such that a maximum voltage 
will appear across the terminals of the secondary 
winding for a minimum current flowing through 
the primary winding. 
Another object of my invention provides a 

magneto of such structure that the largest volt 
age will appear across the Secondary winding 
terminals for a given interrupted primary cur 
rent. 
A further object of my invention is to provide 

an ignition system which will reduce the dura 
tion of the Secondary current Subsequent to the 
breakdown of the spark plug gap. 
My invention will be more fully set forth in 

the following description referring to the accom 
panying drawing, and the features of novelty 
which characterize my invention will be pointed 
out in the claims annexed to and forming a 
part of this specification, 
In the drawing the single figure diagrammati 

cally illustrates a magneto for electric ignition 
Systems which is provided with an embodiment 
of my invention. 
In the application of induction apparatus, such 

as magnetOS or induction coils, to electric igni 
tion apparatus for internal combustion engines, 
it is desirable to obtain the largest voltage across 
the high voltage terminals for a minimum cur 
rent which is interrupted by the breaker in the 
primary winding circuit. I have found that this 
result will obtain when the coupling coefficient 
between the primary and secondary windings is 
of a value of substantially 0.8, or more particu 
larly between 0.75 and 0.85. With a coupling 
coefficient having such a value, the peak of the 
resultant secondary voltage wave occurs some 
what earlier than the peak of the low frequency 
component. 
The coupling coefficient is given by the expres 

sion 
M 

WLXL2 
where M is the mutual inductance and u1 and 
L2 inductances of the primary and secondary 
windings respectively. 

Referring to the drawing, I have illustrated a 
conventional circuit having a magneto which is 
provided to obtain electric ignition for an inter 
nal combustion engine. This ignition apparatus 

of the internal combustion engine. 
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numeral to having a primary winding and a 
secondary winding 12. In order to alternate the 
flux linking the coils a core 3 is provided with 
an inductor f4 which rotates in synchronism. 
with the rotation of the crank shaft or cam shaft 

In Order to 
periodically short-circuit the primary winding, 
it is connected through the cables 5 and 6 
across a breaker having contacts 7 and 8 and 
an actuating arrangement for the movable Con 
tact arm such as a cam 9 which is also oper 
ated in synchronism with the movement of the 
crank shaft or the cam shaft of the internal 
combustion engine. The breaker is also shunted 
With the conventional condenser 20 and One 
side of the breaker is grounded. One side of 
the secondary winding 2 is connected to a dis 
tributor 2 which will in turn distribute the 
electric ignition impulse to the spark plugs in the . 
cylinders of the internal combustion engine in 
proper timed relation. One Spark plug is indi 
cated by the numeral 22. One terminal of the 
Spark plug is of course grounded and the Sec 
ondary winding 2 is connected to one side of 
the primary winding through the cable 23 so 
as to form a complete circuit. 

If all the flux produced by the primary Wind 
ing were to link the secondary winding, the cou 
pling coefficient is equal to one. However, since 
all the flux of the primary winding does not link 
the Secondary winding the coupling coefficient 
is of a value less than one. I have found that 
substantially the largest voltage will appear 
acroSS the secondary terminals for a given or 
predetermined interrupted primary current when 
the coupling coefficient between the primary and 
Secondary windings is in the neighborhood of 
.80, or between .75 and .85. The coupling co 
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efficient can be so made, in any desired manner, 
Such as by placing between the primary wind 
ing and the secondary winding f2 a mag 
netic shunt 24. This magnetic shunt comprises 
a sheet of magnetic material, such as iron, which 
is between the primary and secondary windings 
and concentric therewith. This shunt may take 

... the form of a part turn, a whole turn or even 
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several insulated turns of a strip of magnetic 
material of suitable thickness. This thickness 
together with the width of the shunt determines 
the extent to which the coupling coefficient is 
affected. It is, therefore, possible for the width 
of the shunt to be equal to, greater than, or less 
than the length of the coil former, depending 
upon the thickness and the number of turns of 

includes a magneto indicated generally by the 55 the material used. It is also possible for the 
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shunt to take the form of one or more layers or 
part layers, wound with wire having magnetic 
properties. The shunt could then, if desired, 
form a portion of one of the windings. The re 
duction of the coupling coefficient may also be 
effected by including a suitable inductance in 
series with the primary or secondary windings, or 
both. The transformer may also be an auto 
transformer. - 

In view of the foregoing it will be seen that I 
have provided an arrangement for obtaining the 
largest voltage across the secondary terminals 
of an induction apparatus for a given primary 
current. My invention, although not limited 
thereto, is particularly suitable for an electric 
ignition apparatus such as a magneto or an in 
duction coil. Thus I provide that the coupling 
coefficient between the windings is less than one, 
or in the neighborhood of 0.80. This desired 
coupling coefficient may be obtained in any Suit 
able manner and in addition to obtaining the de 
sired secondary voltage wave form, this par 
ticular coupling coefficient also reduces the dura 
tion of the secondary current between the desired 
Sparks. 
Although I have shown and described par 

ticular embodiments of my invention, 'I do not 
desire to be limited to the particular embodi 
ments described, and I intend in the appended 
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claims to cover all modifications which do not 30 
depart from the spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States: 
1. An ignition circuit for producing ignition for 

an internal combustion engine having ah induc 
tion apparatus including primary and secondary 
windings, a breaker connected with said primary 
winding, and means for providing a coupling co 
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efficient between said primary and said secondary 
windings having a value between 75 and .85 so 
that a substantially maximum voltage is obtained 
across said secondary winding for a predeter 
mined current interruption by said primary 
winding breaker. 

2. An ignition circuit for producing ignition for 
an internal combustion engine having an induc 
tion apparatus including primary and secondary 
windings, a breaker connected with said primary 
winding, and means for providing a coupling co 
efficient between said primary and second wind 
ings having a value in the neighborhood of .80 so 
that a substantially maximum voltage is obtained 
across said secondary winding for a predeter 
mined current interruption by said primary wind 
ing breaker. 

3. An ignition circuit for producing ignition 
for an internal combustion engine having an 
induction apparatus including primary and Sec 
ondary windings, a breaker connected with said 
primary winding, and a magnetizable material 
between said windings and of such dimension in 
comparison with said windings that the coupling 
coefficient therebetween will have a value of in 
the neighborhood of .80 so that a substantially 
maximum voltage is obtained across said second 
ary winding for a predetermined current inter 
ruption by Said primary winding breaker. 

4. A magneto including primary and secondary 
windings, means for interrupting said primary 
winding circuit, and means including a mag 
netizable material between said primary and Sec 
ondary windings for providing a coupling coeffl 

35 cient of said primary and secondary windings 
of substantially .8. 

DOUGLAS F. WELCH. 


