
2,204,179~ June 11, 1940. R, w. GEORGE 

ULTRA HIGH FREQUENCY SIGNAL GENERATOR 

Filed Júly 1, 193s 

INVENTOR. 

/ALgP/l l4/. GEORGE 
BY All» 

ATTORNEY. 



Patented June 11, 1940 

UNITED STATES 
2,204,179 

PATENT OFFICE 
2,204,179 

ULTRA HIGH FREQUENCY SIGNAL 
GENERATOR 

Ralph W. George, Riverhead, N. Y., assignor to 
Radio Corporation of America, a corporation 
of Delaware 

Application July 1, 1938, Serial` No. 216,874 

15 Claims. 

The present invention relates broadly 'to im 
provements in signal generators, and specifical 
ly to an ultra high frequency signal generator. 
As is known, signal generators are used for 

the generation of radio` frequency signals of 
known strength and are employed for making 
measurements of ñeld strength, and in the test 
ing of radio receivers. 
An object of the invention is to provide a sim 

lo ple and efficient signal generator for use at 
frequencies in the range of 30 megacyclesl to 200 
megacycles and higher. ' 

Another object of the invention is to provide 
a signal generator which. is extremely stable at 

la ultra high frequencies above 30 megacycles, 
A further object of the. invention is >to provide 

a signal generator which will` give a large range 
of output voltages from` l to 10,000 microvolts 
and higher, over a wide range of ultra high fre 
quencies. This last object is achieved, inter alia.,v 
by careful shielding and filtering of the elements 
which go to make up the signal generator, and 
by giving the attenuator a logarithmic charac 
teristic. Additional output voltage. range is ob 

ì tainable by virtue of the readable range of a 
voltmeter. 

` Known types of signal generators are unsatis 
factory at the very high frequencies above 30 
megacycles due to the fact that` the attenuators 

3Q thereof cause errors to arise on account of their 
appreciable reactance. Because of such` react 
ance, the calibration of the signal generators 
varies with frequency, the desideratum being 
that calibration be constant with frequency. 
The signal generator of the present invention, 

l on the other hand, has for one of its features 
an attenuator which has a negligible frequency 
characteristic within a range of 30 megacycles 
to 200 megacycles and higher. This. is because 

40 the attenuator of the present invention is com 
` posed of a small substantially semicircular loop 
Whose reactance is negligible at the high fre 
quencies. As an example, in one signal generator 
constructed in accordance with the principles 

loop was approximately 7 ohms at 100 mega 
cycles. , 

Another important feature of the signal gen 
erator of the invention lies in the use of one or 
more straight rods or lines which serve as- induc 
tances. These line inductors are low-loss circuitsv 
(high Q) at Jthe highest frequencies, thus stabil 
izing the` frequency of the oscillator of the sig 
nal generator. ’ Because of their mechanical con. 
struction, the lines are rigid and provide fixed 
standards of inductance across one or both of 
which, or a portion thereof, the voltage may be` 
measured'. By measuring voltage across such a 
fixed inductor, to which an attenuator is cou 

ñn. pled, in` accordance with the invention,A there 
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, of the invention, the impedance o-f the attenuator ' 

(Cl. Z50-_20) 

is provided a reference by which the output, or 
voltage, induced in the attenuator is known, 
the voltage relations being established by suitable 
Calibrating, means. ' 
A better understanding of the invention may 

be had by referring to the following descriptionv 
>which is accompanied by a drawing, wherein Fig. 
1 illustrates, schematically and by way of exam 
ple only, an ultra high frequency signal gener 
ator in accordance with the invention., and Fig. 2 
illustrates the` details of construction of the at 
tenuator system >of Fig. 1. 
Referring to the drawing, there is shown as 

my improved signal generator, a balanced ultra 
high frequency vacuum tube oscillator I Whose 
oscillatory circuit is essentially of the Hartley 
type using a tuning condenser 2 and an addi 
tional Vernier 2’ in parallel therewith. A pair of 
inductors L1 and L2 in the form of rods or lines 
constitute the fixed inductor elements of the 
tank circuit. Inductance. coils 3, 3 are of the 
plug-in type and are inserted into the gener 
ator unit for various frequency ranges, it being 
understood that different coilsV will be used for 
different frequency ranges. In circuit with the 
grid of tube I is a grid condenser and grid leak 
combination 4, and in circuit with the anode of 
tube I is the blocking condenser 5, and the shunt 
feed, resistor 6 leading to the source of energy 
supply -i-Ep for the anode, 
In the construction of the signal generator, 

special care has> been` taken to make all leads 
short and direct and care has been taken with 
theV inductor elements L1, L2 so that they have 
a rather high “Q” to maintain oscillator fre 
quency stability >at the ̀ highest frequencies and 
so thaty the same flux about one conductor always 
links> with the attenuator loop Il. Reference' 
numeral 'l represents aA triode-tube diode con 
nected as a vacuum tube` voltmeter and tapped 
across a portion of inductor L1; 8 is the diode 
load resistor by-pass condenser connected be 
tween the cathode and the grounded partition; 
9 is the microammeter for the tubeV Voltmeter 
and is connected in the cathode lead; I0 the bat 
tery in circuit with the cathode for balancing 
out the. emission current, and Il the balancing 
potentiometer. The low pass filter circuits for 
the voltrneter filament and cathode leadsl and for 
the oscillator filament and anode leads are des 
ignated I2 and I3, respectively. In the oscilla 
tor,` anodeV circuit there is provided a meter I4 
and a potentiometer I5 for adjusting the am 
plitude of the oscillations. 
‘The` voltmeter 1 is tapped across a portion of 

line L; (between L1 and ground) and its primary 
purposeis to insure that there is always a known 
voltage drop across the inductor to which the out 
put or attenuator loop I1 is coupled. Although 
aparticular type of voltmeter has, been shown, 
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it should be appreciated that other types can be 
employed provided they are suitable radio fre 
quency voltage indicators. The inductor L1, to 
which the attenuator or output loop is coupled, 
is shielded, thus insuring that the coupling co 
efficient between loop I'I and inductor is con 
stant, irrespective of frequency and'changes in 
other parts of the circuit. 
The oscillator I and its associated tuned cir- „ 

cuit as well as the diode voltmeter 1 and the low 
pass filters are enclosed within a grounded shield 
23, as shown. 
The output attenuator system consists of a 

very small loop I1 coupled inductively »to the 
`lower of the two cencentric line inductors L1. 
Loop I'I is located near the maximum current end 
of inductor L1, in order to insure maximum flux 
density in the region of the attenuator and a 
minimum of electrostatic coupling‘between L1 
and the attenuator. By this arrangement there 
is obtained a substantially balanced output with 
out the use of electrostatic shielding between 
L1 and the loop I1. It should be observed (note 
Fig. 2) that loop Il is located within a metallic 
cylindrical shield 20 which is arranged at right 
angles to the length of inductor L1. This loop 
I‘l, it should be noted, does not extend beyond 
the end of this cylinder 20. Cylinder 20 is an 
essential part of the attenuator, the flux distri 
bution inside of which varies substantially in a 
logarithmic manner to produce alogarithmic at 
tenuator characteristic with respect to its posi 
tion within tube 20, regardless of frequency. 
Movable coupling loop I'I is kept within the 
range of this desirable flux density relation. 
The diameter of cylinder 20 determines the flux 
distribution inside it, and thereby the law of at 
tenuation. The length of cylinder 20 within rea 
sonable limits determines the attenuation range. 
The impedance of loop I1 is, by calculation, ap 
proximately ‘7 ohms at 100 megacycles. Directly 
at the loop are connected low or negligibly re 
active resistors I8 of 37.5 ohms each. The values 

I of these resistors are chosen to match the char 
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acteristic impedance of line I9, which in'turn 
is terminated by a load 2|, 20’ of similar im 
pedance. The resistors I8 further maintain a 
balanced output circuit, and also tend to prevent 
multiple reflections or standing waves caused by 
possible mismatch at the other end of the leads I9 
to which a receiver 20’ may be connected, as 
shown. With resistors of ̀ the values indicated, 
a balanced radio frequency transmission line of 
preferably '75 ohmsimpedance should be em 
ployed. With the constants chosen as above 
described, the effect at the receiver 20' is the 
same as if the receiver were connected through 
line I9 to a simple dipole receiving antenna hav 
ing the customary impedance of approximately 75 
ohms. In practice, the elements I'I, I8 and I9 
are located in and carried by a threaded brass 
plunger, and attenuation is secured by withdraw 
ing the plunger from the cylinder 2D by means 
of combination nut and dial. The plunger is di 
agrammatically represented in Fig. 2 by element 
22. The variation of output with movement of 
the loop I 'I is logarithmic, approximately 2% 
turns of the attenuator (20 threads per inch) 
giving 6 db. attenuation for a particular model 
successfully tried out. The range of the atten 
uator is about 80 db. or 10,000 to 1. The loop I'I 
does not rotate but is merely drawn away from L1. 
The output is calibrated by comparison with 

other standard generators at 30 to 40 megacycles 
and the calibration is made in terms of the mi 

, antenna. 

2,204,179 
crovolts induced in the loop I 'I per se. Thus, when 
using the generator for signal strength measure 
ments, the generator appears to the receiver 20’ 
as a ’75 ohm source, equivalent tofa simple dipole 

A resistor 2| may be employed to aid 
in matching the impedance of the receiver 20’ to 
the leads I9. For other source impedances, dif 
ferent resistors may be substituted for elements 
I8 with a suitable transmission line to match. 
Due to the use of this special attenuator sys 

tem of the invention, a minimum variation of 
calibration with frequency is obtained and con 
sequently ’existing standards at 30 megacycles 
may be extended to 200 megacycles and higher, 
the attenuator system also giving an extremely 
large amplitude range of 80 db. 
Although the signal generator of the invention 

is extremely efficient at the high frequencies 
above 30 megacycles, it will be appreciated that 
its use is to some extent limited in frequency 
ranges much below 30 megacycles because of the 
Very low impedance at such frequencies of the 
standard inductors L1 and L2. In one embodi 
ment of'1 the invention successfully tried outy in 
practice, the signal generator was operated at 25 
megacycles. By the use of more power in the 
oscillator the signal generator might be operated 
at a somewhat lower frequency. For lower fre 
quencies, my type of attenuator may be used 
with several turns in a coil for L1 and likewise 
for coil L1. 
What is claimed is: 
1. In a signal generator of the type including 

a radio frequency oscillator tunable over a band 
of frequencies, said oscillator having a tuned cir 
cuit for determining the frequency of the signals 
generated by said oscillator, said circuit includ 
ing in series two inductor elements having uni 
formly distributed inductance and'capacitanoe, 
and means for shielding said elements from each 
other, and a voltage attenuator inductively cou 
pled to at least one of said inductor elements. 

2. In a signal generator, a vacuum tube hav 
ing a tuned circuit for determining the frequency 
of the signals generated by said tube, said cir 
cuit including in series two inductors of the plug 
in type and two other inductors having uniform 
ly distributed inductance and capacitance, a con 
denser in shunt of said series inductors and ad 
justable to tune the generator over a band of 
frequencies, and means for shielding said other 
inductors from each other. 

3. In a signal generator, a vacuum tube having 
a tuned circuit for determining the frequency 
of the signals generated by said tube, said cir 
cuit including in series two inductor elements 
having uniformly distributed inductance and 
capacitance, means for shielding said elements> 
from each other, an attenuator in the form of a 
single turn loop inductively coupled to at least 
one of said inductor elements, and a voltage indi 
cator also coupled to said one inductor element. 

4. In a signal generator, a vacuum tube hav 
ing a tuned circuit for determining the frequency 
of the signals generated by said tube, said circuit 
including in series two inductor elements having 
uniformly distributed inductance and capaci 
tance, means for shielding said elements from 
each other, and an attenuator in the form of a> 
single yturn loop inductively coupled to at least 
one of said inductor elements, leads extending 
from vsaid loop to lterminals external of said signal 
generator, a‘hollow metallic shield surrounding 
said loop and leads, and means for moving saidv 75 
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2,204,179 
loop and leads toward or away from said one in 
ductor element to which it is coupled. 

5. In a signal generator of the type including 
a radio frequency oscillator tunable over a band 
of frequencies, an inductor element in circuit 
with said oscillator, said element having uni 
formly distributed inductance and capacitance, a 
voltage attenuator having a single turn loop in 
ductively coupled to said inductor element and a 
hollow metallic shield surrounding said loop, said 
shield having an opening for enabling said loop to 
couple to said inductor element. 

6. In a signal generator of the type including 
a radio frequency oscillator tunable over a band 
of frequencies, an inductor element in circuit 
with said oscillator, said element having uniform 
ly distributed inductance and capacitance, a volt 
age attenuator having a single turn loop induc~ 
tively coupled to said inductance, a resistance in 
series with each leg of said loop, said resistances 
being of equal value and having a total value 
substantially equal to the impedance of the output 
leads. ' 

7. In a signal generator of the type including 
a radio frequency oscillator tunable over a band 
of frequencies, an inductor element in circuit 
with said oscillator, said element having uni 
formly distributed inductance and capacitance, a 
voltage attenuator having a single turn loop in 
ductively coupled to said inductance, a resistance 
in series with each leg of said loop, said resistances 
being of equal value and having a total value 
substantially equal to the impedance of the out 
put leads, a shield for said inductor element, said 
shield having an opening at the location Where 
said attenuator couples to said inductance, and 
a cylindrical shield within which said loop and 
resistances are movably arranged said cylindrical 
shield having an opening at the end nearest said 
inductance. 

8. In a signal generator, a vacuum tube having 
a tuned circuit for determining the frequency of 
the signals generated by said tube, said circuit 
including in series two straight parallelly arranged 
inductor rods of low loss, means for shielding said 
rods from each other, and a voltage attenuator 
substantially in the form of a semi-circular loop 
coupled to a portion of one of said rods, said at 
tenuator being so constructed and arranged that 
the voltage induced therein varies logarlthmical~ 
ly with movement of said loop. 

9. In a signal generator, a vacuum tube hav 
ing a tuned circuit for determining the frequency 
of the signals generated by said tube, said circuit 
including in series two straight parallelly arranged 
inductor rods of low loss, means for shielding 
said rods from each other, a voltage attenuator 
substantially in the form of a semicircular loop 
coupled to a portion of one of said rods, a diode 
voltmeter coupled across a portion of said one 
rod, and low pass ñlters connected in the leads 
extending from the electrodes of said oscillator 
and voltmeter to the polarizing sources of po 
tential. 

10. An ultra high frequency signal generator 
for use at frequencies above approximately 30 
megacycles comprising a vacuum tube oscillator 
tunable over a band of frequenices, a low-loss in 
ductor element in circuit with said oscillator and 
having substantially uniformly distributed in 
ductance and capacitance, and a voltage attenu 
ator whose `reactance is negligible inductively 
coupled to said low-loss inductor element, said 
voltage attenuator comprising a single turn loop 

3 
located within a hollow metallic shield, said shield 
having an opening at the location where said loop 
couples with said inductor element. 

ll. In a signal generator of the type including 
a radio frequency oscillator tunable over a band 
of frequencies, an inductor element in circuit 
with said oscillator, said element having uniforrm 
ly distributed inductance and capacitance, a volt~ 
age attenuator including a single turn loop induc 
tively coupled to said inductance, and a cylindri 
cal shield around said loop, said shield having 

open end near said inductor element, said 
loop being adjustable in position within said 
shield and arranged not to extend beyond said 
open end, whereby the voltage induced in said 
loop changes by substantially the same fraction 
for a given displacement of the loop within the 
shield regardless of the position of the loop with 
in said shield. f ’ 

l2. In a signal generator of the type including 
a radio frequency oscillator tunable bver a band 
of frequencies, an inductor element in circuit 
with said oscillator, said element having uniform 
ly distributed inductance and capacitance, a radio 
frequency voltage indicating device connected to 
said inductor element, a voltage attenuator in~ 
cluding a single turn loop inductively coupled to 
said inductance, and a cylindrical shield around 
said loop, said shield having an open end near 
said inductor element, said loop being adjustable 
in position within said shield and arranged not 
to extend beyond said open end, whereby the 
voltage induced in said loop changes by substan 
tially the same fraction for a given displacement 
of the loop within the shield regardless of the 
position of the loop Within said shield. 

13. The combination with an oscillator for 
generating radio frequency signals and having 
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a tuned circuit, a voltage attenuator coupled to . 
a part of said tuned circuit comprising a metal. 
lic shield containing therein a single turn loop, 
a resistance in series with each leg of said loop, 
a voltage indicator also coupled to said same part 
of said tuned circuit, said loop and said resist 
ances being movable Within and along a portion 
of the length of said shield, whereby there is ob 
tained in said loop an output voltage whose var 
iation with movement of said loop within said 
shield is logarithmic regardless of frequency. 

14. The combination with an oscillator for gen 
erating radio frequency signals and having a 
tuned circuit, a voltage attenuator coupled to a 
part of said tuned circuit comprising a metallic 
shield containing therein a single turn loop, a 
resistance in series with said loop, a voltage indi~ 
cator also coupled to substantially said same part 
of said tuned circuit, said loop and said resistance 
being movable within and along a portion of the 
length of said shield, whereby there is obtained 
in said loop an output voltage having a desired 
relation with frequency. 

15, In a signal generator of the type including 
a radio frequency oscillator tunable over a band 
of frequencies, an inductor element in circuit 
with said oscillator for determining the frequency 
range of said oscillator, a shield box surrounding 
said oscillator and inductor element, a voltage at~ 
tenuator having a single turn loop inductively 
coupled to said inductor element, a hollow metal~ 
lic shield surrounding at least the major portion 
of said voltage attenuator, said last shield having 
an opening in the end thereof for enabling said 
loop to couple to said inductor element. 
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