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This invention relates generally to ignition systems for 
internal combustion engines and more particularly to an 
improved ignition system utilizing an encapsulated mag 
netically actuated reed switch and a switching circuit 
including semiconductor devices. 

Internal combustion engines, as used in automobiles 
and other vehicles, include an ignition system for ?ring 
the combustible charges in the cylinders thereof. Such 
systems are controlled by a switching mechanism, usually 
referred to as breaker points, which operates in synchro 
nism with the engine. The breaker points are connected 
in a circuit and actuate the same to provide high voltage 
pulses, and these are applied to the various spark plugs 
or other ignition devices in the cylinders of the engine 
through a distributor device. The distributor device also 
‘operates in synchronism with the engine to apply the 
pulses to particular cylinders. In systems commonly in 
use wherein the breaker points interrupt the current sup 
plied to the primary of an ignition coil, it is necessary 
for the breaker points to interrupt a current sufficiently 
large that arcing and pitting takes place at the contacts. 
This results in poor operation after a period of time, and 
the points must be replaced at regular intervals. This 
results in objectionable maintenance of the engines. 

In order to reduce the current through the breaker 
points, ignition systems have been used including 
transistors for interrupting the current supplied to the 
ignition coil. A smaller current for triggering the tran 
sistor circuit is then switched by the breaker points. 
These systems have reduced the wear at the breaker points 
but have not been entirely satisfactory as faulty opera 
tion may still take place when the breaker point contacts 
are contaminated by foreign particles. The mechanical 
cam structure, and the breaker point rubbing block, for 
actuating the breaker points, wear and must be period 
ically adjusted for proper dwell time. Further the switch 
ing action in the breaker points, particularly at low speeds 
such as during starting, has not provided the desired 
action in the ignition system. 

It is, therefore, an object of this invention to provide 
an improved ignition system for an internal combustion 
engine which is reliable in operation and requires a mini 
mum of maintenance. 

Another object of the invention is to provide a tran 
sistorized ignition switch system including a switching 
device which provides extremely rapid switching action. 
A feature of the invention is the provision of an 

ignition system for an internal combustion engine includ 
ing a circuit switched by an encapsulated magnetic reed 
device, with a magnetic circuit therefor which provides 
rapid reversal of the magnetic ?eld through the reed, and 
rapid switching action thereof. 

Another feature of the invention is the provision of a 
transistor ignition system controlled by a reed device posi 
tioned in a magnetic circuit having a rotating magnetic 
member and pole pieces cooperating therewith so that 
the ?ux through the reed device changes sharply and 
reverses to provide rapid switching action. The rotating 
member may be a disc of magnetic material with discrete 
radial poles, or an axially magnetized disc with pole 
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plates on the opposite faces thereof having interleaved 
pole pieces to provide alternate poles about the periphery. 
The reed device includes encapsulated magnetic contacts 
having portion extending therefrom and engaging pole 
pieces through which the reed device is intermittently 
coupled to poles of opposite polarity of the rotating 
member. ‘The magnetic reed may be positioned hori 
zontally, vertically, or at an angle, to provide the desired 
action in the space which may be available. 
The invention is illustrated in the drawings wherein: 
FIG. 1 is a circuit diagram of the ignition system of 

the invention; 
FIG. 2 is a cross sectional view showing the magnetic 

structure in a distributor housing; 
FIG. 3 illustrates an alternate magnetic structure for 

the system of FIG. 1; 
FIG. 4 is a cross sectional view along the line 4-4 of 

FIG. 3; 
FIG. 5 shows the sealed reed device and the coupling 

to the magnetic pole; and 
FIG. 6 shows an alternate embodiment with the reed 

device positioned vertically. 
In practicing the invention, an ignition system is pro 

vided which includes an ignition coli, and one or more 
switching transistors connected in series with the coil 
across a source of potential for interrupting the current 
through the coil to produce ?ring pulses. The conduc 
tion of the switching transistor (or transistors) is deter 
mined by a magnetically actuable encapsulated reed 
switch which is placed adjacent a rotating magnetic 
structure, and which may be provided in a distributor 
housing. The rotating magnetic structure produces a 
?uctuating ?eld which opens and closes the reed switch 
in synchronism with the internal combustion engine to 
provide properly timed ?ring pulses. The rotating 
magnetic 'structure includes discrete poles which move 
past pole pieces of amagnetic structure including the 
reed device. This causes abrupt changes in the reluctance 
so that the ?ux through the reed device changes quite 
sharply. The alternate poles are of opposite polarity 
so that the ?ux through the reed device reverses and 
this acts to provide positive movement of the reeds so that 
extremely rapid switching action takes place. The rotat 
ing magnetic structure may be a toothed wheel with 
alternate teeth magnetized to opposite polarities, or may 
be an axially magnetized disc with pole plates on either 
‘side having teeth extending therefrom and interleaved 
with each other to provide alternate’poles of opposite 
polarity. The reed switch may be positioned in various 
manners as may be required to meet space requirements. 

Referring now more particularly to FIG. 1, there is 
shown an ignition system for an internal combustion en 
gine 11 having eight cylinders. Engine 11 has a plurality 
of spark plugs 12 for igniting the fuel mixture in the cyl 
inders thereof. High voltage ?ring pulses are supplied to 
spark plugs 12 by a distributor 13 which has a plurality of 
?xed contacts 14 connected to respective ones of spark 
plugs 12. The high voltage pulse is developed in the 
secondary winding of a high voltage ignition coil 16, and 
applied to the moving contact 15 which moves into prox 
imity with the ?xed contacts 14. 
As shown in FIG. 1, ignition coil 16 is of the well 

known auto-transformer type. However, a double wind 
ing transformer may also be used within the scope of the 
invention. When current ?owing through the primary 
of ignition coil 16 is suddenly interrupted, a high voltage 
spike will be induced in the secondary thereof. It is this 
spike that is applied to moving contact 15 of distributor 
13, and from the ?xed contacts 14 thereof to the spark 
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plugs 12 of internal combustion engine 11. The primary 
of ignition coil 16 is connected to the source of current, 
namely storage battery 17, by a pair of transistors 18 and 
19. Battery 17 may be charged by an alternator or gen 
erator 21, the output of which may be regulated by reg 
ulator 23 in a well known manner. Also connected in 
series with the primary of coil‘ 16 and transistors 18 and 
19, are ignition switch 25 and ballast resistor 27. 
As previously stated, transistors 18 and 19 control the 

conduction of current to the primary of ignition coil 16. 
Upon interruption of current in coil 16, a high reverse 
voltage occurs. Zener diodes 28 and 29 are connected 
across the emitter and collector portions of transistors 18 
and 19 respectively to prevent the reverse voltage across 
these portions from exceeding their breakdown voltage. 
A resistor 31 is connected between the emitter and base 
portions of transistor 18, and the base portion of tran 
sistor 18 is connected through an isolating diode 33 to 
resistor 35. Resistor 37 connects the base portion of 
transistor 19 to its emitter portion, and the base portion is 
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also connected to resistor 36. A control transistor 41 V 
has its emitter portion connected to the junction between 
resistors 36 and 35, and has its collector portion grounded. 
Upon conduction of transistor 41, transistor 19 will be 

forward biased through resistor 36, whereas transistor 18 
will be forward biased through resistor 35 and diode 33. 
This will cause current to ?ow in coil 16. When tran 
sistor 41 is cut otf, the potential on the base portions of 
both transistors 19 and 18 will rise quickly toward their 
respective emitter potentials due to the connection through 
resistor 37 and 31, cutting these transistors off. This in 
terrupts current through coil 16 producing a ?ring pulse 
therein. 
The conduction of control transistor 41 is controlled 

by a circuit responsive to the speed and timing of engine 
11. A resistor 43 connects the base portion of transistor 
41 to battery 17 through ignition switch 25. The base 
portion of transistor 41 is also connected to ground 
through resistor 44 and magnetically actuable reed switch 
45. Resistor 44 may be very small and can have a value 
as low as 1 ohm. This protects the reed from excessive 
current in the event that the collector portion of transistor 
41 is not well grounded. Resistor 44 also reduces the cur 
rent spike through the reed contacts when the reeds close 
initially as the system starts. This is because at this time 

v the voltage applied through resistors 37 and 36 to the 
emitter portion of transistor 41 is almost the full supply 
voltage because of the inductance of coil 16. 
Reed switch 45 comprises a pair of reeds 47 and 48 

which are normally open. Reed switch 45 is encapsulated 
and placed adjacent a rotating magnet member 50 which, 
during the course of its rotation, will align poles 51 of op— 
posite polarity adjacent to pole pieces 52 and 53 which 
are magnetically connected to reeds 47 and 48 respec 
tively. This causes the reeds to attract one another and 
therefore to close. The discrete poles 51 are shaped to 
match the pole pieces 52 and 53 so that as the poles move 
into and out of registry with the pole pieces a sudden 
change in flux takes place. This provides a fast snap 
switch action. 
The alternate poles marked N, S, N, etc. around the pe 

riphery of the annular magnet 50 are uniformly spaced to 
operate the reed switch at regular angular positions of 
the magnet. As the magnet 50 continues rotation, the 
alternate polesproduce ?elds which are in opposite direc 
tions to open the reeds at the half way point and then 
close them again once the ?eld is completely reversed. 
It should be noted that the ?eld may actually force the 
reeds apart in the event that they tend to stick together 
due to magnetic retentivity, moisture, or foreign particles. 
With reed switch 45 closed, the base portion of tran 

sistor 41 will be grounded and hence transistor 41 will be 
driven into conduction to ground the juncture between re 
sistors 36 and 35. This causes the transistors 18 and 19 
to conduct and current to ?ow through coil 16. When 
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4 
reed switch 45 opens, the base portion of transistor 41, 
which is connected to battery 17 through resistor 43, will 
rise to battery potential, actually reverse biasing the tran 
sistor 41 to insure rapid cut off. This cuts o?” transistors 
18 and 19 and interrupts current through coil 16 so that a 
high voltage is developed thereacross. This is applied 
through distributor 13 to the spark plugs 12, as previously 
described. . 

Magnetically actuable reed switches of the type suitable 
for use as switch 45 are commercially available. One 
source for such switches is Hamlin, Inc. of Lake Mills, 
Wisconsin, and the switches are designated MRR-Z. The 
reeds are glass encapsulated in a tube which may be ap 
proximately Vs of an inch in diameter and less than 1 
inch long. The reeds may be made of nickel'iron alloy 
and rhodium plated. Other contact structures may be 
used, such as gold diffused or nickel plated contacts. 
Suitable reed switches are also available from other 
sources. ‘ > 

As the reed switch and the magnetic poles connected 
thereto will be supported by insulated members it is not 
necessary that ‘either of the reeds be grounded as shown 
in the circuit of FIG. 1. This provides full latitude of 
use of ignition systems in various circuit arrangements in 
vehicles having either the positive or the negative terminal 
of the electrical supply grounded. 

In FIG. 2 the reed switch and magnetic structure are 
shown in a distributor housing with the distributor switch 
13. The distributor housing includes a base 71 and a 
cover or cap 72. The distributor shaft '73 extends up 
wardly into the housing and actuates drive plate 75. 
Drive plate 75 is connected through the spring biased 
?y weight mechanism 77 and drive pin 78 to the centri 
fugal advance plate 79. Advance plate 79 drives rotor 
shaft 81 on which insulating rotor 83 is mounted. Rotor 
83 carries the moving contact 15 of the distributor, which 
was described in connection with FIG. 1. The ?xed con 
tacts 14 of the distributor, which are connected to the 
spark plugs, are mounted in the cap 72 and extend down“ 
wardly therefrom. The moving contact 15 engages a cen= 
ter contact 60 which is connected to ignition coil 16, to 
complete the circuit therefrom to one of the ?xed con 
tacts 14. 
The rotating magnetic member 50 may be mounted on 

the rotor shaft 81, which in the standard distributor struc 
ture carries a cam for operating mechanical breaker 
points. The encapsulated reed switch 45 is placed ad~ 
jacent the periphery of the member 50 and may be sup 
ported by pole pieces 52 and 53 (see FIG. 1), which 
are in turn supported by non-magnetic insulating member 
85 mounted on vacuum advance cup 86 of the distributor. 
The breaker points are commonly supported in a similar 
way from the vacuum advance cup. The magnetic reeds 
47 and 48 extend from the encapsulated reed device and 
'iIJre mounted on the pole pieces 52 and 53 as shown in 
IG. 1. 
The system which has been described operates to pro 

vide high voltage ?ring pulses in response to actuation 
of the reed switch in synchronism with operation of an 
internal combustion engine having a plurality of cyl~ 
inders with a spark plug in each cylinder. Although an 
eight cylinder engine has been illustrated, it will be ap 
parent that the ignition system can be used with an engine 
having any number of cylinders. The system can also 
be used for providing ignition pulses in response to actua 
tion of the reed switch which may be independent of the 
engine operation, for use in a turbine or jet engine. ' 

FIGS. 3, 4 and 5 shown an alternate form of the ro 
tating magnetic structure. This structure includes a disc 
shaped magnet 90 (FIG. 4), which is magnetized in the 
axial direction, so that the upper surface provides one 
polarity and the lower surface provides the other polarity. 
Pole plates 91 and 92 are secured to the two faces of the 
disc magnet 90. The two pole plates 91 and 92 may be 
of identical con?guration, with the teeth or projections 
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93 and 94 thereon opposing each other, and positioned 
at angles of 45° with respect to each other. The teeth 
therefore provide discrete poles, with alternate poles be 
ing of opposite polarity and equally spaced around the 
circumference of the structure. Pole pieces 95 and 96, 
generally similar to the pole pieces 52 and 53 of FIG. 1, 
are positioned so that they are intermittently aligned 
with the pole teeth 93 and 94 as the magnetic structure 
rotates. The pole pieces 95 and 96 may support an en 
capsulated reed switch 98, similar to the switch 45 as 
previously described. The magnetic structure of FIGS. 3, 
4 and 5 may be easier to provide than that shown in FIGS. 
1 and 2 as the permanent magnet is a simple ring. The 
pole plates can be easily constructed or soft iron. 

In the event that the spacing between the pole pieces 
is not su?icient for the reed switch which is to be used to 
be positioned horizontally therebetween, or that it is pref 
erable to mount the reed switch in a vertical direction, 
the reed switch may be supported as shown in FIG. 6. 
The pole pieces 95 and 96 may be positioned as shown in 
FIG. 3. The reeds 100 and 101 of the reed switch, which 
extend from the capsule, have portions shaped to engage 
the pole pieces. Alternatively, brackets of magnetic ma 
terial may be used to connect the reeds to the pole pieces. 
Reeds 100 and 101 may be similar to the reeds 47 and 48 
of FIG. 1 and may be used in the circuit described in 
FIG. 1. 
The ignition system described has been found to pro 

vide eifective operation of internal combustion automo 
tive engines, both for starting and at high speed. The 
sealed reed contacts carry small currents and have long 
life. The magnetic structure used provides very rapid 
switching action. The circuit is protected so that ex 
cessive current cannot be applied to the contacts of the 
sealed reed contacts as the system starts operation, or 
due to poor grounding of transistor 41 (FIG. 1). 

I claim: 
1. An ignition system for an internal combustion en 

gine including in combination, an ignition coil for provid 
ing high voltage ?ring pulses for the internal combustion 
engine, semiconductor switching means having a portion 
providing a conductive path and a control portion for 
selectively rendering said path conductive, means con 
necting said conductive path portion of said semicon 
ductor switching means in series with at least a part of 
said ignition coil across potential supply means, and con 
trol means connected to said control portion of said semi 
conductor switching means for controlling the conduction 
thereof, said control means including magnetic reed 
switch means and a magnetic structure for operating the 
same, said magnetic reed switch means including ?rst and 
second magnetic reed elements having portions with con 
tacts adapted to engage each other to complete a circuit 
therethrough and a sealed enclosure about said portions, 
said reed elements having portions extending outside said 
enclosure, said magnetic structure including pole pieces 
connected to said portions of said magnetic reed elements 
extendingoutside said enclosure, and a rotor having a 
permanent magnet and discrete magnetic poles with al 
ternate poles being of opposite polarity, said rotor being 
movable to align adjacent ones of said poles thereof with 
said pole pieces and then displace said poles from said 
pole pieces, whereby the flux through said magnetic reed 
switch means changes suddenly and reverses in polarity 
to provide rapid switching action. 

2. An ignition system for an internal combustion en 
gine including in combination, an ignition coil for pro 
viding high voltage ?ring pulses for the internal com 
bustion engine, semi-conductor switching means having a 
portion providing a conductive path and a control portion 
for selectively rendering said path conductive, means con 
necting said conductive path portion of said semiconduc 
tor switching means in series with at least a part of said 
ignition coil across potential supply means, and control 
means connected to said control portion of said semicon 
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ductor switching means for controlling the conduction 
thereof, said control means including switch means having 
?rst and second magnetic reeds with portions having con 
tacts for closing a circuit and a magnetic structure for 
operating the same, said switch means including an en 
closure about said portions of said reeds having contacts 
and said reeds having portions extending from said en 
closure, said magnetic structure including a rotor having 
a permanent magnet and discrete magnetic poles with 
alternate poles being of opposite polarity, and ?rst and 
second pole pieces connected respectively to said portions 
of said ?rst and second magnetic reeds extending outside 
said enclosure and supporting the same so that said reeds 
extend substantially parallel to the axis of said rotor, said 
rotor being movable to align adjacent ones of said poles 
thereof with said pole pieces and then displace said poles 
from said pole pieces, whereby the ?ux through said 
magnetic reed switch means changes suddenly and re 
verses in polarity to provide rapid switching action. 

3. An ignition system for an internal combustion en 
gine including in combination, an ignition coil for pro 
viding high voltage ?ring pulses for the internal combus 
tion engine, semi-conductor switching means having a 
portion providing a conductive path, means connecting 
said conductive path portion in series with at least a part 
of said ignition coil across potential supply means, said 
switching means including a semiconductor device having 
a collector portion connected to a reference potential and 
a base portion connected to the potential supply means, 
and control means connected to said base portion of said 
semiconductor device for controlling the conduction in 
said conductive path in synchronism with operation of the 
internal‘ combustion engine, said control means including 
magnetic reed switch means and a magnetic structure for 
operating the same, said magnetic switch means including 
?rst and second magnetic reed elements having portions 
with contacts adapted to engage each other to complete a 
circuit therethrough and an enclosure about said portions, 
said reed elements having portions extending outside said 
enclosure, means including resistance connecting said reed 
switch means between said base portion and the reference 
potential, with said resistance limiting the current ?owing 
through said reed switch means, said magnetic structure 
including pole pieces coupled to said portions of said 
magnetic reed elements extending outside said enclosure 
and a rotor having a permanent magnet and discrete mag 
netic poles with alternate poles being of opposite polarity, 
said rotor being movable to align adjacent ones of said 
poles thereof with said pole pieces and then displace said 
poles from said pole pieces, whereby the ?ux through said 
magnetic reed switch means changes suddenly and re 
verses polarity to provide rapid switching action. 

4. An ignition system for an internal combustoin en 
gine including in combintion, an ignition coil for provid 
ing high voltage ?ring pulses for the internal combustion 
engine, semi-conductor switching means having a portion 
providing a conductive path, means connecting said con 
ductive path portionin series with at least a part of said 
ignition coil across potential supply means, said switch- 
ing means including a transistor having a collector elec 
trode connected to a reference potential and a base elec 
trode connected to the potential supply means, and con 
trol means connected to said base electrode of said tran 
sistor for controlling the conduction in said conductive 
path, said control means including magnetic reed switch 
means and a magnetic structure for operating the same, 
said switch means including ?rst and second reed elements 
having portions with contacts thereon for completing a cir 
cuit therethrough and a sealed enclosure about said por 
tions, means including resistance connecting said reed 
switch means betwen said base electrode and the reference 
potential, with said resistance limiting the current flowing 
through said reed switch means, said magnetic structure 
including a rotor having magnetic poles movable with 
respect to said magnetic reed switch means, whereby the 



?ux through said magnetic reed switch means changes to 
provide switching action. 
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