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Table 2 

 

 Vout              R          s 

   =     H(s) =      

 Vin    R + 1/(s*C)              s + 1/(R*C) 

 

Substitute  s = jω 
 
                    jω 

 H(jω) =     

             jω + 1/(R*C) 

                   ω 

The magnitude response |H(jω)| =     

     Sqrt(ω
2
 + 1/(R*C)

2
 ) 

 

The Phase Response  θ(jω) = 90º – tan
-1

(ω*R*C) 
 
Where ω = 2 * pi * Frequency 
 
Therefore, for 

Vin = 120 VAC  (120) 

R = 10 megohm   (10*10
6
) 

C = 160 pF/10*2.5 (40*10
-12

) 

Frequency = 60 Hz  (60) 

 

The magnitude of Vout is approximately 17.9 VAC  

The phase response is a phase lead of approximately 8.5 degrees. 
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Figure 14 (from Turns) 
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Figure 15 (Turns Table 17.12) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 (Nichicon Figure 1-1) 

 

 

 

 

Table 17.12 Composition (mol%) and properties of natural gas from sources in the United 

States [28]
a 

                                                                                                    Density
c
    HHV

d
 HHV

d 

Location  CH4  C2H6  C3H8  C4H10   CO2     N2     (kg/m
3
)     (kJ/M

3
)    (kJ/hg) 

 

Alaska 99.6 —     —      —      — 0.4 0.686 37,590 54,800 

Birmingham, 

AL 
90.0 5.0 — — — 5.0 0.735 37,260 50,690 

East Ohio
b 

94.1 3.01 0.42 0.28 0.71 1.41 0.723 38,260 52,940 

Kansas City, 

MO 

84.1 6.7 — — 0.8 8.4 0.772 36,140 46,830 

Pittsburgh, 

PA 

83.4 15.8     —      — — 0.8 0.772 41,840 54,215 

 
a   

Although not explicitly stated in Ref. [28], these gases appear to be pipeline gases.  
b  

Also contains 0.01 % H2 and 0.01% O2. 
c
 At 1 atm and 15.6°C (60 F). 

d  
Higher heating values for 1 atm and 15.6°C (60 F) [28]. 
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 Experiment 2      -1.27V  open circuit     Experiment 2     0.68 V (4.3 megohm load)  

 

   Figure 21a       Figure 21b 

 

 

 

              Experiment 3     -40 mV                Experiment 3    +1.39 V 

 

   Figure 22a        Figure 22b 
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     Experiment 4   100 Hz     +2.79 V to -7.2 V  Experiment 4  Leading Edge  -960 mV to 0 V 

 

   Figure 23a       Figure 23b 

 

 

 

        Experiment 4  Trailing Edge -640 mV to -1.20 V 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 23c  
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         Experiment 4     200 Hz    +2.24 V to -6.88 V              Experiment 4   Leading Edge  -760 mV to -120  mV      

    

   Figure 24a       Figure 24b 

 

 

 

       Experiment 4     Trailing Edge   -680 mV to -1.39 mV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 24c 
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Experiment 4   400 Hz   +1.84 V to -6.32 V    Experiment 4 Leading Edge -440 mV to +200 mV 

 

  Figure 25a       Figure 25b 

 

 

         Experiment 4 Trailing Edge   -1.63 V to -2.0 V 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 25c 
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        Experiment 4     1KHz +0.920 V to -4.88 V           Experiment 4  Leading Edge -340 mV to +440 mV  

 

   Figure 26a       Figure 26b 

 

      

 

             Experiment 4   Trailing Edge – Indistinct 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 26c 
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Table 4 - Thermionic Emission Test – 5U4GB Vacuum Tube 

 

5U4GB #1 Westinghouse  1/12/14  jm 

      

2 Filament(2)  0V  +5 VDC 2.94A 

8 Filament(8)  +5 VDC 2.93A  0V 

      

2 Filament(2)  Ref  Ref 

4 Plate 1  -0.93V  -3.46V 

6 Plate 2  -0.01V  -5.59V 

      

8 Filament(8)  Ref  Ref 

4 Plate 1  -5.68V  -0.09V 

6 Plate 2  -3.30V  -0.84V 

 

Figure 29 

 

 

Table 5 - Thermionic Emission Test – 5Y3 Vacuum Tube 

 

5Y3 #1 RCA  1/12/2014  jm 

      

2 Filament(2)  0V  +5 VDC 2.00A 

8 Filament(8)  +5 VDC 1.98A  0V 

      

2 Filament(2)  Ref  Ref 

4 Plate 1  -0.61V  -3.04V 

6 Plate 2  0.0V  -5.25V 

      

8 Filament(8)  Ref  Ref 

4 Plate 1  -5.37V  0.0V 

6 Plate 2  -3.00V  -0.51V 

      

 

Figure 30 
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    Table 6 - Thermionic Emission Test – 6X4 Vacuum Tube 

 

6X4 #1 Raytheon 1/13/14 jm     

       

3 Filament(3) 0V  3 Filament(3) +6.3DC 0.60A 

4 Filament(4) +6.3VDC 0.59A  4 Filament(4) 0V 

       

7 Cathode Ref  7 Cathode Ref 

6 Plate 1 -0.91V  6 Plate 1 -0.92V 

1 Plate 2 -1.14V  1 Plate 2 -1.17V 

       

7,3 Cathode, Filament(3) Ref  7,3 Cathode, Filament(3) Ref 

6 Plate 1 -0.91V  6 Plate 1 -0.93V 

1 Plate 2 -1.16V  1 Plate 2 -1.18V 

       

7,4 Cathode, Filament(4) Ref  7,4 Cathode, Filament(4) Ref 

6 Plate 1 -0.91V  6 Plate 1 -0.93V 

1 Plate 2 -1.16V  1 Plate 2 -1.19V 

       

3 Filament(3) Ref  3 Filament(3) Ref 

7 Cathode +2.50V  7 Cathode -3.67V 

       

4 Filament(4) Ref  4 Filament(4) Ref 

7 Cathode -3.66V  7 Cathode +2.52V 

 

Figure 31 
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   Table 7 - Thermionic Emission Test – 12X4 Vacuum Tube 

 

 

12X4 #1 RCA 01/13/2014 jm     

       

3 Filament 0V  3 Filament +12.6 VDC 0.32A 

4 Filament +12.6 VDC 0.32A  4 Filament 0V 

       

7 Cathode Ref  7 Cathode Ref 

6 Plate 1 -1.17V  6 Plate 1 -1.17V 

1 Plate 2 -1.04V  1 Plate 2 -1.05V 

       

7,3 Cathode, Filament(3) Ref  7,3 Cathode, Filament(3) Ref 

6 Plate 1 -1.17V  6 Plate 1 -1.17V 

1 Plate 2 -1.04V  1 Plate 2 -1.05V 

       

7,4 Cathode, Filament(4) Ref  7,4 Cathode, Filament(4) Ref 

6 Plate 1 -1.17V  6 Plate 1 -1.17V 

1 Plate 2 -1.05V  1 Plate 2 -1.05V 

       

3 Filament(3) Ref  3 Filament(3) Ref 

7 Cathode +1.66V  7 Cathode -4.70V 

       

4 Filament(4) Ref  4 Filament(4) Ref 

7 Cathode -4.70V  7 Cathode +1.83V 

 

Figure 32 
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Figure 33a 200 Hz;  10 Megohm Source;  Sine Wave;  No Flame 

 

 

 
 

Figure 33b 200 Hz;  10 Megohm Source;  Sine Wave;  Flame 
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Figure 34a 200 Hz;  10 Megohm Source;  Square Wave;  No Flame 

 

 

 

 
 

Figure 34b  200 Hz;  10 Megohm Source;  Square Wave;  Flame 
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Figure 35a 400 Hz;  10 Megohm Source;  Sine Wave;  No Flame 

 

 

 

 
 

Figure 35b 400 Hz;  10 Megohm Source;  Sine Wave;  Flame 
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Figure 36a 400 Hz;  10 Megohm Source;  Square Wave;  No Flame 

 

 

 

 
 

Figure 36b 400 Hz;  10 Megohm Source;  Square Wave;  Flame 
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Figure 39a   Mixer Test; Sine Waves (No Flame): 900 Hz (-7 dB); 1,300 Hz (-7 dB) 

 

 

 

900 Hz (-12 dB); 1,300 Hz (-12 dB); 400 Hz (-27 dB); 2,200 Hz (-27 dB); 500 Hz (-39 dB) 

Figure 39b   Mixer Test; Sine Waves (Flame): 
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900 Hz (-12dB); 1,460 Hz (-12 dB); 560 Hz (-27 dB); 2,360 Hz (-28 dB); 340 Hz (-37 dB)  

Figure 40  Mixer Test; Sine Waves (Flame) 

 

 

 

900 Hz (-12dB); 1,350 Hz (-12 dB); 450 Hz (-24 dB); 1,810 Hz (-32 dB); 2,260 Hz (-28 dB) 

 

Figure 41  Mixer Test; Sine Waves (Flame) 
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910 Hz (-9 dB); 1,410 Hz (-9 dB) 

 

Figure 42a  Mixer Test; Square Waves (No Flame) 

 

 

 

910 Hz (-15 dB); 1410 Hz (-15 dB); 500 Hz (-24 dB); 2,320 (-30 dB); 410 Hz (-41 dB) 

 

Figure 42b  Mixer Test; Square Waves (Flame) 
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Figure 44  -  Johnson Counter Results 
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Figure 51a   Sine Wave; 435 Hz;  Flame Off 

 

 

 

 
 

Figure 51b   Sine Wave; 435 Hz;  Flame Off
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Figure 52a   Sine Wave; 435 Hz; Flame On 

 

 

 

 
 

Figure 52b   Sine 435 Hz; Flame On 
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Figure 56a   Square Wave; 435 Hz; Flame Off 

 

 

 

 
 

Figure 56b   Square Wave; 435 Hz; Flame Off 
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Figure 57a   Square Wave; 435 Hz; Flame On 

 

 

 
 

Figure 57b   Square Wave; 435 Hz; Flame On 
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Experiment 14  Detecting a harmonic signal produced by flame rectification;  

Signal Source: Symmetrical Square Wave 

Detector:  Simple Synchronous Detector 

Flame: Off 

 

Figure 68a 
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Experiment 14  Detecting a harmonic signal produced by flame rectification;  

Signal Source: Symmetrical Square Wave 

Detector:  Simple Synchronous Detector 

Flame: On 

 

Figure 68b 
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Figure 79a – Heterodyne Test – PLL Detector – Flame Off 

 

 

 
 

Figure 79b – Heterodyne Test – PLL Detector – Flame On 
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Figure 82a – Heterodyne Test – Simple Synchronous Detector – Flame Off 

 

 

 

 
 

Figure 82b – Heterodyne Test – Simple Synchronous Detector – Flame On 



Flame Sensing System Jed Margolin Sheet 59 of 66

7502

Source Resistor
2  (Flame)

1 Combustion

   Burner

Flame Rod  3

Adder

High- Impedance 

Buffer (Figure 47)

Figure 83

7503

8002
8003

 Adder

(Fig 73)

Source Sum Out

         7304

Clock8

Multiplier/

DC Filter 

(Figure 64)

Absolute Value Amp 

     (Figure 65)

Clock8Q

8301
8302

Multiplier/

DC Filter 

(Figure 64)

Absolute Value Amp 

     (Figure 65)

Buffer Out

Clock8 (388 Hz)

Clock8Q (388 Hz) 

     90 degrees

Flame Good

  Indicator

(Figure 66)

6601

Threshold 

 Detector

(Figure 66)

8004

Clock8 (388 Hz)

Clock Generator 

(Figs 72,73,74)

Clock4 (874 Hz)

Clock5 (1,262 Hz)

7501

Clock8Q (388 Hz)

8303



Flame Sensing System Jed Margolin Sheet 60 of 66

R1  51K

R2  18K

R3  12K

R4  10K

R5  10K

R6  12K

R7  18K

R8  51K

QA

QB

QC

QD

QE

QF

QG

QH

A

B

CLK

CLR

3

4

5

6

10

11

12

13

74HC164

1

2

8

9

74HC04

1 2

/Reset

CLK

0.1

-12V

+12V

0.1

TL064

_

+

R12   100K

Buffer

3

2 4
1

11

Sine 

 Out

 Johnson

 Counter

Figure 84     Sine/Cosine Wave Generator

5

_

+
TL064

7

R10   10K

C1   0.1

6

R11   47K

 R9

10K

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q7

Sine

Sine

R13  51K

R14  18K

R15  12K

R16  10K

R17  10K

R18  12K

R19  18K

R20  51K

QA

QB

QC

QD

QE

QF

QG

QH

A

B

CLK

CLR

3

4

5

6

10

11

12

13

74HC164

1

2

8

9
/Reset

CLK

TL064

_

+

R24   100K

Buffer

12

13
14

Cosine 

   Out

 Johnson

 Counter

10

_

+
TL064

8

R22   10K

C1   0.1

9

R23   47K

R21

10K

Q4

Q5

Q6

Q7

Q8

Q9

Q10

Q11

Q8

Q9

Q10

Q11
Cosine

Cosine

Q7



Flame Sensing System Jed Margolin Sheet 61 of 66

Signal Source

    400 Hz

8502

Source Resistor
2  (Flame)

1 Combustion

   Burner

Flame Rod  3

     800 Hz 

Bandpass Filter

  (Figure 49)

Phase Locked Loop

      (Figure 50)

Flame Good

   Indicator

(Figure 50)

High- Impedance 

Buffer (Figure 47)

Figure 85

8501

8503

8504
8505

8506



Flame Sensing System Jed Margolin Sheet 62 of 66

  Crystal Oscillator

(1 Mhz) and Divider

     (Figure 60)

8601 Reference Signal 

   781.25 Hz

   Phase 

   Delay

(Figure 62)

8609

Reference Signal

Phase Delayed

  781.25 Hz

 (Figure 62)

  Clock For

Source Signal

2  (Flame)

Flame Rod  3

860786068605

8610

Reference Signal

Phase Delayed

   (781.25 Hz)

8611

High Impedance

Buffer (Figure 47)

Threshold 

Detector 

(Figure 67)

Multiplier/

DC Filter 

(Figure 64)

Flame Good 

  Indicator 

(Figure 67)

8603
Signal Source, 

Selected 

Waveform, 

390.63 Hz

8602

Figure 86

1  Combustion 

        Burner

8604

Source Resistor

8611



Flame Sensing System Jed Margolin Sheet 63 of 66

Signal Source,

Selected 

Waveform

390.63 Hz

8703

Source Resistor
2  (Flame)

1 Combustion

   Burner

Flame Rod  3

Multiplier/

DC Filter

(Figure 64)

Absolute Value Amp 

     (Figure 65)

Flame Good

  Indicator

(Figure 66)

High- Impedance 

Buffer (Figure 47)

Figure 87

8704

8705 8706

8711

8702

  Crystal Oscillator

(1 Mhz) and Divider

     (Figure 60)

 Clock7

781.25 Hz 

 Clock 

for Signal 

 Source

8701

     Clock7

781.25 Hz  

Threshold 

 Detector

(Figure 66)

8710

Multiplier/

DC Filter

(Figure 64)

Absolute Value Amp 

     (Figure 65)

8707 8708

Adder

Buffer Out

   Clock7Q

781.25 Hz  

   90 deg

Clock7Q

781.25 Hz  

  90 deg

 90 Degree 

   Shifter

(Figure 70a)

8712

8709

   Clock6

1562.25 Hz

8713

8714

8713

8714



Flame Sensing System Jed Margolin Sheet 64 of 66

8803

Source Resistor

2  (Flame)

1 Combustion

   Burner

Flame Rod  3

Flame Good

   Indicator

(Figure 78)

High- Impedance 

Buffer (Figure 47)

Figure 88

8804
8805

8806

 Adder

(Fig 73)

Source Sum Out

Bandpass Filter

     388 Hz

  (Figure 77)

Phase Locked Loop

388 Hz   (Figure 78)

8807

Clock Generator 

(Figs 72,73,74)

Signal Source 1 (874 Hz)

Signal Source 2 (1,262 Hz)

8801

8802 8808



Flame Sensing System Jed Margolin Sheet 65 of 66

8902

Source Resistor

2  (Flame)

1 Combustion

   Burner

Flame Rod  3

Flame Good

   Indicator

(Figure 66)

High- Impedance 

Buffer (Figure 47)

Figure 89

8903

8904 8906

 Adder

(Fig 73)

8907

Clock8 (388 Hz)

 Phase

 Delay

(Fig 81)

Multiplier/

DC Filter 

(Figure 64)

Threshold 

 Detector

(Figure 67)

8905

Clock8D

Clock Generator 

(Figs 72,73,74)

Signal Source 1 (874 Hz)

ignal Source 2 (1,262 Hz)

8901

Clock8D

8908
8909

8909

Source Sum Out

8910



Flame Sensing System Jed Margolin Sheet 66 of 66

9002

Source Resistor
2  (Flame)

1 Combustion

   Burner

Flame Rod  3

Adder

High- Impedance 

Buffer (Figure 47)

Figure 90

9003

9004
9005

 Adder

(Fig 73)

Source Sum Out

Clock8

Multiplier/

DC Filter 

(Figure 64)

Absolute Value Amp 

     (Figure 65)

Clock8Q

9006
9007

Multiplier/

DC Filter 

(Figure 64)

Absolute Value Amp 

     (Figure 65)

Buffer Out

Clock8 (388 Hz)

Clock8Q (388 Hz) 

     90 degrees

Flame Good

  Indicator

(Figure 66)

9010

Threshold 

 Detector

(Figure 66)

9009

Clock8 (388 Hz)

Clock Generator 

(Figs 72,73,74)

Signal Source 1 (874 Hz)

Signal Source 2 (1,262 Hz)

9001

Clock8Q (388 Hz)

9008

9013

9012

9012

9013

9011

9014


