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This application is a continuation-in-part of my co 
pending application, Serial No. 377,202, filed August 
28, 1953, for a computing system which has now been abandoned. 
This invention relates to a computing system for deter 

mining the flight of a struck missile and to determine its 
final position. The invention has particular reference to 
an arrangement of target sensing means and computing 
means for determining the direction and velocity of the missile. 
Several devices have been used to measure the approx 

imate velocity of a free ball which has been struck with 
a club or bat. Some of these devices have been used 
for developing driving proficiency by employing a golf 
ball and using golf clubs. However, these prior art de 
vices were capable of measuring only the total force given 
to the ball and they did not determine the direction of the 
ball, its probable final position, and the spin imparted to the ball. 
One of the objects of this invention is to provide an 

improved computing system for struck missiles which 
avoids one or more of the disadvantages and limitations of prior art arrangements. 
Another object of the invention is to determine the 

direction of a struck ball by measuring the horizontal and 
vertical components of its position a short distance from the start position. 
Another object of the invention is the determination of 

a missile trajectory using free missiles not held captive 
by force-measuring coupling arrangements. 
One feature of the invention comprises a computing 

system for determining the path of a struck missile and 
includes three arrays of contact means for determining 
the position of impact within a restricted range. A timing 
device measures the time interval between the start time 
and the arrival of the missile at the first target. The in 
vention also includes a means for determining the spin 
given to a struck missile by the position of impact on a second target. 
Another feature of the invention includes a display 

device for showing the flight of a struck missile on a 
large screen. An additional feature shows the trajectory 
of a struck missile on a screen giving the illusion of three 
dimensions utilizing two crossed polarized light beams. 
Another feature of the invention includes a computing 

device of the analogue type which receives the data pro 
vided by the targets and timing device and produces data 
which controls a display device to show the flight of a free 
missile having the same impelling force. - 
For a better understanding cf the present invention 

together with other and further objects thereof, reference 
is made to the following description taken in connection with the accompanying drawings. 

Fig. 1 is a schematic diagram of connections of a sin 
plified computing system showing most of the circuits in block form. 

Fig. 2 is an exploded isometric view of a portion of a target, 
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Fig. 3 is a cross-sectional view of a portion of the target shown in Fig. 1. 
Fig. 4 is a schematic diagram of connections similar 

to Fig. 1 but employing a double target combination and 
providing control circuits for energizing four motors to 
show the flight of a missile on a screen giving the illusion 
of three dimensions. 

Fig. 5 is a cross-sectional view of a simplified form of target. 
Fig. 6 is a cross-sectional view showing a golf ball on 

a tee with arrangements for breaking a circuit when the ball is struck. 
Fig. 7 is a cross-sectional view similar to Fig. 6 but 

showing means for making a circuit when the ball is struck. 
Fig. 8 is a schematic diagram showing a double pro 

jector system for projecting two beams of light on a 
large viewing screen to show the flight of a missile in three dimensions. 

Fig. 9 is a plan view, with some parts in section, of 
an alternate system of sensing the start of the missile by 
employing a photoelectric cell and a focused light beam. 

Fig. 10 is a schematic diagram of connections for de 
termining the length of flight by recording the elapsed 
time on a decade scaler. 

Fig. 11 shows an alternate arrangement, similar to Fig. 
10 but using a time clock as an indicating device. 

Fig. 12 is a graph to explain the action of one of the 
circuits of Fig. 13 as applied to the actual flight cf a small missile. 

Figs. 13 and 14 when placed side by side form a com 
plete and detailed wiring diagram of the computing sys 
tem including the motors which control the display de W1CC. 

Referring now to Fig. 1 a ball 10 is positioned on a 
tee 11 which is supported by a base 12. Directly under 
neath the tee is an electrical contact 13 which closes a 
circuit when the ball 0 is struck. Details of the tee 
and alternative arrangements of contacts are shown in 
Figs. 6 and 7. in series with contacts 13 is a start 
circuit i4, the output of which is connected to a velocity 
computing circuit is. This circuit also produces an 
electrical pulse which can be applied to a distance-measur ing indicator 16. 
The ball 16 is impellied in a general direction indicated 

by arrow 17 and strikes a target combination 18. De 
tails of this target are shown in Figs. 2 and 3. The tar 
get combination is composed of an insulating baseboard 
26 which supports the other target components. Se 
cured to the base 26 is an array of vertical spaced con 
ducting wires 2. Between each of the wires a strip of 
foam or Sponge rubber 22 is mounted. These strips 
are thicker than the diameter of the wires 21 and keep 
them insulated from other conductors before and after 
being struck by the ball. On the top surface of strips 
22 a Second series of diagonal conductors 23 is mounted. 
These conductors are heid in place by cement. On top 
of the wires 23 a slab 24 of foam rubber is cemented 
having a plurality of channels 25 in which are cemented 
a third array of conductors 26. 
When not in an actuated condition the three arrays of 

conductors 21, 23, and 26 are insulated from each other 
but when the bail it is driven against the target mat, 
contact is made between the three sets of conductors at 
the point where the ball strikes. In order to sense the 
position of impact external circuits are employed. The 
diagonal conductors 23 are joined together at their ex 
tremities and connected to some positive potential source. 
Horizontal conductors 26 are connected at their extremi. 
ties to a series of resistors 27, the lower end of this array 
being connected to ground and the upper end connected 
to a loft circuit 34. In like manner the vertical conduc 



3. 
tors 21 are connected to a series of resistors 28 with the 
two ends of this array connected to the direction circuit 
33 and the center point connected to ground. 

It will be obvious that when a ball is struck to any 
location on the target mat and contact is made between 
the three sets of conductors a positive potential is applied 
to conductor 30 and to either 29 or 31, which is peculiar 
to the location of the impact. The voltage received on 
conductor 39 is applied to a stop circuit 32 which delivers 
a signal to the velocity circuit 5. The difference in 
timing between the signals received from start circuit 
14 and stop circuit 32 is a measure of the speed of the 
ball and calculation of this speed is made by circuit 15 
for the determination of distance. 
The voltage transmitted over conductor 31 or con 

ductor 29 is applied to direction circuit 33 for the de 
termination of the horizontal component of direction 
and in a similar manner the potential value transmitted 
over conductor 30 is applied to loft circuit 34 for de 
termination of the vertical component of direction. The 
output of circuit 33 is applied to a direction indicating 
meter 35 and is also applied to a control circuit 36 which 
governs a motor 37 to shift the base of an optical system 
38 to indicate the direction of the ball on a screen 40. 
The output of circuit 34 is applied to a control circuit 

41 which controls the power sent to a motor 42. This 
motor is coupled by shaft 43 to a nut 44 which raises 
and lowers the base 38 of the projection system, thereby 
indicating on screen 40 the vertical positions that the 
ball 10 would have taken in actual flight. 
control circuit 45 also controls another motor 45 which 
opens and closes an iris diaphragm 46. The opening of 
this diaphragm is focused by a lens 47 so that an image 
of the diaphragm appears on the screen surface, there 
fore the opening of the diaphragm controls the diameter 
of the image on the screen. When the ball is struck, 
motor 45 is controlled to close iris 46 to make the image 
of the ball on the screen smaller and smaller, thereby 
simulating the effect of distance. The projection system 
also includes the usual lamp 48 and cordensing lens 50. 
The above description relates to a system which con 

tains only one target combination and makes no allow 
ance for the spin of the ball which results in a “hook” or 
a "slice.' A more complete system which senses the 
spin given to the ball and which computes the effect of 
this spin and its effect on the trajectory is shown in Fig. 
4 taken in combination with the projection system shown 
in Fig. 8. The sensing system shown in Fig. 4 is similar in many 
respects to that shown in Fig. 1. The ball support and the 
start-stop circuits are the same as are also the velocity 
measuring circuits and the distance indicator 6. How 
ever, this system has an additional target 5; which is 
employed to determine the impact position of the ball 
in its horizontal position only after it has been reflected 
or bounced from target 18. The construction of this 
target is shown in detail in Fig. 5 and comprises a sup 
porting panel 52 of conductive material. Cemented to 
this panel is a slab of foam or sponge rubber 33 having 
spaced channels 54 and a series of conductors 55 ce 
mented in the channels. As indicated in the drawing the 
conductors are close to but not in contact with the base 
plate 52; however, when the ball hits the rubber slab 53 
one or two of the conductors 55 will be pressed into 
contact with plate 52. The extremities of conductors 
55 are joined by an array of resistors 55 forming a volt 
age divider, the two ends of which are connected to a 
spin circuit 53 with the center wire connected to ground. 
If the ball is hit toward the first target combination 8 
without any spin it will first cause contact between one 
of the conductors 2 and the conductors 23 (not shown 
in Fig. 4). Then it will bounce upwardly to target 52. 
and cause contact between one of the wires 55 and the 
base plate 52 (Fig. 5). With no spin, contacting wires 
21 and 55 will be in the same vertical plane and the 
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potential produced on conductor 31 or 29 will be sub 
stantially the same as the potential produced on con 
ductor 57 or 59. Since these potentials are equal, the 
differential circuit 63 will record a zero spin and the 
control circuits which follow will be governed accord 
ingly. If the ball has a spin the first bounce from target 
18 will be to the right or left and contact will be made 
with a wire 55 which is not in the same vertical plane 
as the contact wire 21 in the lower target. Different 
voltages will then be produced on conductors 3, 29 and 
57, 59 and the differential circuit 63 will sense this dif 
ference and apply it to the control circuit 62. 
The vertical component of direction is sensed by one of 

the wires 26 and the resistor array 27. A correspond 
ing voltage value is sent over conductor 30 to circuit 
34. The output of this circuit is applied to the vertical 
motor control 4, but it will be obvious that the actual 
height to which the ball travels is a function of both the 
vertical direction and the velocity, therefore the motion 
of motor 42 (see Fig. 8) is combined with the motion 
of motor 7 as will be described in detail later. Motor 
42 contains two windings, one which causes the motor 
to elevate the image of the ball on the screen, and a 
second which causes the motor to reverse and lower the 
image. The first winding is connected to the velocity 
circuit 5 while the second is connected to the loft or 
vertical direction circuit 34. These circuits will be de 
scribed in detail later when Figs. 13 and 14 are described. 
The amount of spin sensed by the two target mats and 

by circuits 33, 58, and 63 is applied through control cir 
cuit 62 to motor 66 (Fig. 8) which revolves an amount 
which is proportional to the spin given to the ball. This 
motion is combined with the motion of motor 68 by gear 
differential 73 and applied to a screw and nut arrange 
ment 78 to turn base 38 and direct the image of the ball 
on the screen in a horizontal direction. 

Referring now specifically to Fig. 8 a double projec 
tion System is shown which projects two spots on a screen 
40. One of the spots is produced by a first projector 65 
which is similar in all respects to the projector shown in 
Fig. 1 and has an iris 46, a projection lens 47, a lamp 48, 
and a condensing system 50. The first projection system 
65 can be moved about a vertical axis 69 by a motor 67. 
The iris is controlled by motor 45. The second projec 
tion System is secured to a base 38 which also holds the 
first projection system 65. Base 38 can be rotated about 
a vertical axis which passes through gear 44 by either one 
of motors 63 and 66. These motors move both projec 
tion Systems including the other motors. The large base 
38 can be rotated about a horizontal axis by a motor 42 
which acts on a nut 44. Each projection systern includes 
a variable iris 46, both being controlled by motors 45. 
A sheet of polarizing material, such as Polaroid, is 

included in the assembly of each of the projection lenses 
47, one Such sheet being set at an angle of 45 degrees 
from the vertical while the ohter polarizing sheet is set 
at an angle 90 degrees from the first. This arrangement 
produces two light beams polarized at right angles to 
each other. 
The images on screen 46 are to be viewed through 

polarizing glasses arranged so that one eye will receive 
light polarized only in one direction while the other eye 
will receive light polarized at an angle 90 degrees from 
the first. This system of producing pictures of apparently 
three dimensions is well known and its theory of opera 
tion need not be described here in detail. When the two 
Spots on the Screen are the same distance apart as the 
distance between the eyes they produce a single image 
to the viewer which appears to be an infinite distance 
away. When the spots are brought closer tegether the 
image appears to approach the observer and when the 
Spots coincide the image appears to be on the surface 
of the Screen. Moving the spot produced by the left hand 
projection system to the right of the spot produced by 
the right hand System produces the effect of moving the 
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image still closer to the observer. It will be obvious from 
the description given of this figure and Fig. 1 that motors 
68 and 66 which move both projection systems, control 
the horizontal direction of the trajectory, while motor 67 
which is mounted on the main base 38 and which turns 
only one of the projection systems controls the illusion 
of distance. 

In order to explain the details of the circuits shown 
in block in Figs. 1 and 4, a complete schematic diagram 
of connections is shown in. Figs. 13 and 14. This circuit 
contains three contact arrays.18a, 18b, and 53 which are 
equivalent to the two arrays 18 and 51. Target array 
18a is connected to a voltage divider 27 and to a capacitor 
90 which is charged to a voltage when the ball strikes 
the target. The voltage received by the capacitor is pro 
portional to the vertical direction of the ball and this 
value is applied to a pentode vacuum tube 91 over con 
ductor 30 to place the tube in conducting condition. The 
charge on capacitor 90 leaks off through a resistor 92 
until the tube again reverts to its normal non-conducting : 
condition. An additional resistor 27A is necessary if 
the contact wires in mat 8A are held in contact for a 
small time interval. 
The anode of pentode 91 is connected by means of 

conductors 76 and 77, in series with a field winding 93 
of an alternating current motor 42 and the other end of 
the field winding is connected to a positive source of 
potential. Motor 42 of Fig. 14 corresponds to motor 42 
shown in Fig. 8 which turns nut 44 to elevate the image 
of the ball on screen 40. The anode conductor 76 from 3 
tube 9 is also connected to a field winding 99 by con 
ductor 38 which is part of motor 45 (Figs. 8 and 14) to 
decrease the size of the ball image on the screen. The 
control electrode of tube 9 is connected to a source 94 
of 60 cycle alternating current which is applied continu 
ously but has no effect when capacitor 90 is uncharged 
since the negative bias on the second control electrode 
prevents anode-cathode conduction. 

In Fig. 8 the Z terminal is shown connected to two 
motors 45 which control two irises 46, a motor 67 which 
controls the illusion of distance, and motor 7 which is 
coupled to a gear differential 72 which will be described 
hereinafter. It will be obvious that a single motor with 
multiple mechanical connections could produce the same 
result and the invention is not limited to the number of 
motors run by any one of the motor control circuits. 
The circuits 14, 15, 32, and 64 which provide the control 
power for all motors connected to the Z terminal are 
all described in detail in connection with Figs. 13 and 14. 
The start circuit 14 includes relay A and relay B (Fig. 13). 
The stop circuit 32 includes vacuum tube 93, relay C, and 
their associated circuits. The velocity circuit is includes 
tubes 14, 12, 27, and their associated circuit com 
ponents. The motor control circuit 64 includes a 60 cycle 
source of power (Fig. 13) and a reset circuit a 9-67 (Fig. 14). 
The screen 46 may be a white projection screen but it 

has been found that the illusion of playing in the open 
is more pronounced if a picture of a golf course is painted 
on the Screen with the cup and cup pennant at the middle 
of the screen. In such a picture the area between the 
clap and the bottorn of the picture represents the extent 
of the fairway between the tee and the putting green and 
a ball driven to a position half-way between the tee and 
the cup should be shown on the screen as about half-way 
between the center of the screen, and the lower border. 
To place the final position of the image in its proper loca 
tion a gear differential i2 is provided with couplings to 
motors 42 and 71. The voltages and mechanical arrange 
ments are such that motor 42, if acting alone, moves the 
ball image from a starting position just below the screen 
border to its calculated height and then down to the sane 
position. Motor 7, due to its coupling through gear 
differential 72, causes the final position of the image to 
be somewhere in the picture foreground, the greater the 
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velocity, the closer the final position of the projected image 
to the cup. 

Contact array 18B contains a plurality of vertical con 
ductors, the ends of which are connected to a voltage 
divider 28, grounded in the middle through resistor 96. 
The ends of the voltage divider are each connected, in 
series with a rectifier unit, to capacitors 95A and 95B 
and also to control grids in pentodes 89 and 97. In 
addition, the ends of voltage divider 28 are connected to 
two other rectifiers 81 and 82 which in turn are con 
nected to capacitors 162 and 100 in the spin circuit con 
nected to target mat 51. The anodes of tubes 89 and 97 
are connected by conductors 83 and 84 to windings 161 
and 98 (Fig. 14) in motor 68 and then to a source of positive potentiai. 

Contact array 51 is similar to array 3B and contains 
a plurality of vertical contact wires which are connected 
to a voltage divider 56, grounded in the middle in series 
with a resistor 35. The ends of the voltage divider are 
connected to capacitors 160 and i62 each in series with 
a rectifier component, and also connected to control 
grids in pentodes 462 and 113. The anodes of pen 
todes 82 and 13 are connected by connectors 86 and 
87 to windings 49 and 693 in motor 66 which controls 
the horizontal directicn of the projected image due to 
spin. The other ends of these windings are connected to 
a source of positive potentiai. 

All four motors, including the Z motor 45, have a 
second field winding (504, i95, 106, and 109 being shown 
in Fig. 14). These windings are normally connected to 
the alternating current source in a manner which turns 
the motors in a direction which indicates the flight of the 
ball after it has been struck. After this initial opera 
tion the notors must be reset to the zero or start posi 
tion and to do this reversing contacts (7, 103 110, and 
is operated by relays E, G, , and K are connected in 

the field supply to reverse the phase of the current and 
run the motors in a reverse direction. 
Motor 42 which controls the elevation and fall of the 

projection system contains an additional field winding 
11 wound in a reverse direction compared to winding 93 
and is used for the purpose of returning the projection 
system to level alignment; that is, to lower the image of 
the ball to ground level at the end of its trajectory. This 
reverse winding is in series with the positive source of 
direct current and an anode of a vacuum tube 112. This 
tube, which is normally non-conducting, has its number 
cine control electrode connected to the source of alternat 
ing current 94 and its number two control electrode con 
nected to the output of an amplifier tube 114 which re 
ceives its input from a voltage divider 115 which is con 
nected between a negative source of direct current poten 
tial and a relay contact 124 which is made at the start of the flight. 
The missile or ball () is indiciated in Fig. 13 above a 

contact device 13 which is operated when the ball is 
struck. Contacts 3 complete a circuit from a positive 
source of direct current 16 through the winding of a 
start relay A, then through contacts 117 of a stop relay 
C to ground. When the start relay A operates it makes 
three contacts 28, 20, and 12. Contacts 18 are lock 
ing contacts and hold relay A in operated condition until 
the locking circuit is broken. Contacts E20 supply an 
actuating voltage to a second start relay B, locking it into 
operating condition through locking contacts 122 and 
at the same time breaking contacts 123 and making con 
tacts 124. This action transfers a capacitor 125 from a 
charging circuit containing a source of potential 26 to a 
discharge circuit which includes the voltage divider 115. 
Also associated with voltage divider 15 is a gas-filled 

tetrode 27 which starts conducting as soon as relay B 
is operated due to the positive voltage applied to its con 
trol electrode. The anode of this tetrode is connected 
through an indicator relay D to the source of alternating 
current 94 and provides pulsating current to keep relay D 
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in an operating condition as long as the control electrode 
is sufficiently positive to fire the tetrode 127. Relay D 

- may have several pairs of contacts depending upon the 
number and type of indicating devices used. Figs. 10 
and 11 show two of such indicating arrangements. 

Relay contacts 121 connect a source of high frequency 
alternating current (10 kilocycles) through a time con 
stant circuit 130, 31 to the control electrode of a pen 
tode 132. The anode of this pentode is connected to the 
positive side of capacitor 125 and aids in discharging it. 
A rectifier 33 converts the high frequency supply to a 
pulsating voltage which biases the control electrode to 
cause the tube to discharge capacitor 125 at a slow rate. 
When the ball strikes the first target, tube 91 is ren 

dered conducting and a pulsating voltage is present on the 
anode conductor. Some of this will be passed through a 
capacitor 34 and rectifier 135 to energize the winding of 
relay C and open contacts 117. These contacts are in 
series with the winding of relay A hence as soon as relay 
C is operated relay A is normalized. 

In order to reset the motors and the projection System 
to the normal or start condition a reset switch is em 
ployed. This switch is operated manually and comprises 
six contact pairs which are shown in Figs. 13 and 14. 
Reset contacts 36 break the locking circuit which nor 
mally holds relay B in its operated condition. Reset 
contacts 138 control the operation of relay F when con 
tacts 139 are closed. Relay F includes locking contacts 
140, contacts 141 which discharge capacitor 90, and con 
tacts 142 which operate the reversing relay E when con 
tacts 443 are closed. 
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Reset contacts 44 associated with the X motor 68 
operate in the same manner controlling the contacts of 
relay H when cam operated contacts 145 are closed. And 
in a similar manner contacts 146 on the H relay cause 
the reversing relay G to operate if contacts 47 are 
closed. It should be noted that when the motor returns 
to its zero position contacts 45 and 147 are opened and 
relays H and G are both normalized. Also, if the motor 
had not moved at all, as may be the case with the X mo 
tor 66 which is governed by spin, the operation of the 
reset contacts produces no action. 

Reset contacts 148 and 164 associated with motors X 
and Z and relays J., I, K and L are exactly similar to those 
already described. 
The operation of the circuit is as follows: With the 

four motors in their normal or zero position, let it be 
assumed that the ball is struck toward the right of the 
center line of the targets and travels to contact arrays 
18A, 18B, and 5 making contact at each and applying : 
a voltage value to conductors 30, 29, and 57. Driving the 
ball away from the T makes contacts 13 and operates 
start relays A and B as previously described. When the 
B relay operates, charged capacitor 125 is connected to 
voltage divider i5 and the capacitor discharges slowly 
through this circuit. An additional discharge path is also 
made available through the anode-cathode circuit of 
pentode 132 by the application of a bias potential to the 
control electrode through contacts 21. Capacitor 425 
discharges through the tube at a much greater rate than 
through the voltage divider. 
When the ball hits contact array 8A, capacitor 90 is 

charged and pentode 91 is energized causing relay C. to 
be operated, opening contacts 117, normalizing relay A 
and cpening contacts i2. As soon as these contacts are 
open the anode-cathode circuit through pentode 32 is 
rendered non-conductive and the capacitor discharges 
only through the voltage divider at a much lower rate. 
When capacitor 25 has finally discharged to a voltage 
which is less than the firing voltage of the gas-filled te 
trode 27 the anode-cathode current is cut off and relay 
D is normalized. - 

It should be noted that relay D is in an operated 
condition from the time the ball is struck until the time 
of the total discharge of capacitor 25. During this 

3 5 

40 

5 5 

60 

75 

8 
time interval the capacitor is discharged at a compara 
tively fast rate for some of the time and at a slow rate 
for the remainder of the time. The duration of this 
time interval is roughly proportional to the time of flight, 
and contacts operated by relay D can be used to control 
indicators calibrated in yards to show the length of the 
trajectory. 
When the ball strikes contact arrays 18A, capacitor 

90 is charged to the voltage value corresponding to the 
height of the impact. This charge leaks of through re 
sistor 92 but during the greater part of the discharge 
pentode 91 is held conductive sending an operating cut 
rent through its anode conductor to field winding 93 
causing the Y motor 42 to turn and elevate the image 
of the ball on the screen. The value of capacitor 90 
and resistor 92 are chosen so as to stop motor 42 about 
the time the ball would have traveled two-thirds of its 
free fight distance. At this point winding 111 receives 
current from the anode in tetrode 112 and reverses the 
direction of the Y motor to indicate the fall of the ball 
to the terrain level. Fig. 12 shows the approximate 
trajectory of the ball with two-thirds of the time of flight 
consumed in the rise and one-third of the period for the 
fall. Tetrode 112 derives its actuating voltage from the 
output of triode 114 coupled to voltage divider 115. 
Triode 114 is normally non-conducting but as Soon as 
contacts 124 are made it is rendered conducting and in 
this condition its anode is at a reduced potential, lower 
ing the potential of the second control electrode of tetrode 
1, 2 below the cut-off value and rendering the anode 
cathode circuit non-conducting. During the discharge 
of capacitor 125 the potential of the control electrode of 
triode 14 is reduced until the tetrode 112 starts con 
ducting and reverses motor 42. 
When the ball bounces from the first target combina 

tion 18 (including 3A and 18B) it then hits target 51. 
The circuits connected to contact arrays 8B and 5i 
operate as follows: If a ball strikes the right side of 
contact array 18B it makes a contact between one of the 
diagonal wires (shown horizontal in Fig. 13) and a verti 
cal wire, thereby applying a voltage to divider 28 and 
charging capacitor 95B to a potential which is propor 
tional to the horizontal direction of the ball. This same 
potential is applied to one of the control grids in pentode 
97 and the tube conducts, sending a current (modulated 
by the 60 cycle source 94) over conductor 84 to winding 
98 of motor 68 causing it to rotate and control the pro 
jection system to move the image of the ball to the right 
on the screen. At the same time, due to the connection 
through rectifier 82, capacitor 162 and the control grid 
in pentode 13 are provided with a similar charge and a 
modulated current is sent over anode conductor 86 to 
winding 49 tending to turn motor 66 in a direction which 
would move the image to the left. However, if the 
ball has no spin and bounces from array 8B to array 51 
hitting similar right-hand vertical wires a similar voltage 
is applied to voltage divider 56 and capacitor 100 is 
charged to the same potential as capacitor 95B, thereby 
sending a modulated current over anode conductor 87 to 
winding 103 of motor 66. This winding tends to turn 
the motor to move the image to the right and counteracts 
the current in winding 49. The net result is that motor 
66 does not move at all. If spin, to the right or left, is 
imparted to the ball when it is hit, the ball moves to the 
right or left when bouncing from array 18B to array 5 
and different vertical wires are hit thereby charging 
capacitors 162 and 100 to different potentials and causing 
motor 66 to move to the right or left, altering the image 
motion through gear differential 72 to show the effects 
of spin. In actual flight on a golf course the effects of 
spin (hook or slice) are not evident until after the ball 
has progressed about half of its total trajectory distance. 
The same effect is shown on the screen by adding a 
heavy wheel to the shaft of motor 66 so that it starts 
its rotation with a slight time delay. The current from 
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tube 113 or 102 to motor winding 49 or 103 starts as 
soon as either capacitor 162 or 100 is charged, and a 
small amount of power is lost because of the slow starting 
characteristics of motor 66. However, during the slow 
start, energy is stored in the wheel and the motor runs 
faster near the end of the motor travel than if the wheel 
had not been attached. This effect also adds realism to the display. 

After the motors have turned the controls which move 
the projected spot through its calculated trajectory the 
main operation is concluded and the machine must be 
reset to accommodate another flight. The ball 10 is 
first placed on the tee 1 which breaks contacts 13. 
Then the reset switch R is manually operated, breaking 
contacts 136 and 37 and making contacts 138, 144, 148, 
and 164. This switching action normalizes the start 
and stop circuits and energizes the reset circuits of all 
four motors to return them to the start position. Motor 
42 always turns first clockwise (closing contacts 143) 
and then counterclockwise to show the rise and fall of 
the missile. When the reset contacts 38 are closed 
relays E and F are both operated, reversing the current 
in winding 194 and sending a modulated current through 
winding 93. This action turns the Y motor 42 in a 
counterclockwise direction to restore it to its initial 
position. Current for motor windings 103, 98, 93, and 
99 is provided by relay contacts 141, 166, 165, and 167 
which connect one of the control electrodes in tubes 91, 
13, and 97 to ground thereby making these tubes con 

ductive. The additional action of the reset relays F, 
H, L and J has already been described. Reversing relays 
E, I, G, and K are operated only when the reset keys 
138, 44, 48, and 164 are depressed and then only 
when the motors have been moved in a clockwise di 
rection to close the contacts operated by the end cams 
on the motor shafts. The reversing relays operate 
double-pole, double-throw switches to change the phase 
of the alternating current in motor windings 104, 105, 
106, and 199. 
The above description of Figs. 13 and 14 applies to the 

block diagram shown in Fig. 4 where four motors are 
energized to produce a display which shows direction and 
the result of spin. The block diagram of Fig. 1 com 
prises only two contact arrays (constructed in a single 
unit) and controls three motors 42, 45, and 37 to show 
a display which is controlled by velocity and direction 
(both horizontal and vertical). A detailed diagram of 
connections of the arrangement of Fig. 1 may be ob 
tained from Figs. 13 and 14 by omitting the components 
and wiring enclosed in dotted lines 58. This area in 
cludes the third array 51 together with its associated cir 
cuits and the spin motor 66 with its reset relays. 

Fig. 9 shows a schematic view of an alternate type of 
start contact device. The ball 10 is interposed in the 
path of a light beam from a shielded lamp 150 focused by 
a lens 151 and directed toward a photoelectric cell 152 
encased in a light shield 153. When the ball is struck it 
moves out of the way of the light beam which actuates 
the photo cell and transmits the same circuit voltages 
as was done by contacts 13. 

Fig. 10 indicates one of the possible uses of the con 
tacts associated with relay D in Fig. 13. When con 
tacts 154 are made potential is applied to a decade count 
ing device 155 which starts to count at a rate which 
can be calibrated to read in yards of trajectory dis 
tance. At the end of the time of flight contacts 154 
open and the counting circuit 155 is de-energized stop 
ping the counting action but indicating the distance by signal lamps. 

Fig. 11 is another time-of-flight indicator and operates 
on a similar principle. Indicator 156 is an interval 
time recorder run by an external source of alternating 
current power. The motor pointer starts when contacts 
154 are made and stops when they are broken. This 
indicator may also be calibrated in yards. 
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Fig. 4 shows the first target combination 18 inclined 

at an angle which directs a bouncing: missile upwardly 
to a second target 51. An alternate arrangement com 
prises the obvious disposition of a first target combina 
tion at a 45 degree angle but directing a bouncing 
missile downwardly toward the second target which is 
set below the first. The second target may be set to 
direct the bouncing missile either toward or away from 
the initial start position. 

Figs. 1 to 5, show contact arrays having a plane flat 
formation. It is understandable that greater accuracy 
will be attained if the arrays are given a slight curva 
ture, especially if they are positioned close to the start 
position and extend for considerable area. The most 
accurate arrays have a conical formation with the axis 
of the cone passing vertically through the start position. 
From the above description it will be evident that 

the invention provides an accurate and convenient 
means for viewing the path of a struck missile on a 
screen as seen from a position adjacent to the tee. 
While there have been described and illustrated spe 

cific embodiments of the invention, it will be obvious 
that various changes and modifications can be made 
therein without departing from the field of the invention 
which should be limited only by the scope of the ap pended claims. 

I claim: 
1. A game practice apparatus comprising; means for 

generating a primary signal responsive to the displace 
ment of a missile from a starting position; a target com 
bination disposed in the path of the missile and in 
cluding two arrays of contact means adapted to be 
actuated by the missile for locating the missile's hori 
zontal and vertical impact positions thereupon; another 
target including an array of contact means disposed for 
receiving said missile after impact on said target con 
bination to determine the missile's second horizontal 
impact position for subsequent determination of spin; a 
computing system connected to the primary signal gen 
erating means for receiving the signal therefrom and 
also connected to said three arrays of contact means for 
receiving signals therefrom; said computing system in 
cluding means which produces a first output signal re 
sponsive to the missile's time of flight from the start po 
sition to one of said arrays, second and third output 
signals responsive respectively to the horizontal and 
vertical impact positions on the two arrays, and a fourth 
output signal proportional to the missile's spin and re 
sponsive to the difference between the missile's successive 
horizontal impact positions on said arrays; and a mov 
able display device operated by electromagnetic means 
controlled by said first output signal to move the display 
device to give the illusion of distance, by said second 
and third output signals to move the display device to 
indicate the missile's non-intercepted combined hori 
zontal and vertical movements in free space, and by said 
fourth output signal to move the display device hori 
zontally to indicate the results of the missile's spin. 

2. A game practice apparatus comprising; means for 
generating a primary signal responsive to the displace 
ment of a missile from a starting position; a target com 
bination disposed in the path of the missile and includ 
ing two arrays of contact means adapted to be actuated 
by the impact of the missile for locating the missile's 
horizontal and vertical impact positions thereupon; an 
other target including an array of contact means dis 
posed for receiving said missile after impact on said 
target combination to determine the missile's second hori 
zontal impact position for subsequent determination of 
spin; said target combination and target angularly posi 
tioned with respect to each other; a computing system 
connected to the primary signal generating means for 
receiving the signal therefrom and also connected to 
said three arrays of contact means for receiving signals 
therefrom; said computing system including means which 
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produces a first output signal responsive to the missile's 
time of flight from the start position to one of said 
arrays, second and third output signals responsive re 
spectively to the horizontal and vertical impact positions 
on the two arrays, and a fourth output signal propor 
tional to the missile's spin and responsive to the differ 
ence between the missile's successive horizontal impact 
positions on said arrays; and a movable display device 
operated by electromagnetic means controlled by said 
first output signal to move the display device to give the 
illusion of distance, by said second and third output 
signals to move the display device to indicate the missile's 
non-intercepted combined horizontal and vertical move 
ments in free space, and by said fourth output signal to 
move the display device horizontally to indicate the 
results of the missile's spin. 3. A game practice apparatus comprising; means for 
generating a primary signal responsive to the displace 
ment of a missile from a starting position; a target com 
bination disposed in the path of the missile and including 
two arrays of contact means adapted to be actuated by 
the missile for locating the missile's horizontal and verti 
cal impact positions thereupon; another target including 
an array of contact means disposed for receiving said 
missile after impact on said target combination to de 
termine the missile's second horizontal impact position for 
subsequent determination of spin; a computing system 
connected to the primary signal generating means for 
receiving the signal therefrom and also connected to said 
three arrays of contact means for receiving signals there 
from; said computing system including means which pro 
duces a first output signal responsive to the missile's time 
of flight from the start position to one of said arrays, 
second and third output signals responsive respectively 
to the horizontal and vertical impact positions on the two 
arrays, and a fourth output signal proportional to the 
missile's spin and responsive to the difference between 
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2 
the missile's successive horizontal impact positions on 
said arrays; and a movable optical projector operated by 
electromagnetic means controlled by said first output 
signal to reduce the size of a projected spot on a viewing 
screen, by the second and third output signals to move 
the projected spot to indicate the missile's non-inter 
cepted combined horizontal and vertical movements in 
free space, and by said fourth output signal to move the 
projected spot horizontally to indicate the results of the 
missile's spin. 4. A game practice apparatus in accordance with claim 
3 wherein said electromagnetic means comprises a plural 
ity of electric motors. 5. A game practice apparatus as set forth in claim 3 
wherein said movable optical projector includes means 
for projecting two spots on a viewing screen, filtering 
means for projecting polarized light for each spot at an 
angle of ninety degrees from each other, and motor con 
trol means controlled by said first output signal for mov 
ing one of the spots on the screen to create a display 
which gives an illusion of three dimensions when viewed 
through crossed polarizing filtering means. 

6. A game practice apparatus as set forth in claim 5 
wherein the electromagnetic means controlled by said 
second and fourth output signals are motors and said 
movable optical projector is coupled to a mechanical 
gear differential which combines the movements of the 
motors controlled by the second and fourth output signals. 
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