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Norris S. Nahman 

Abstract 

By means of analysis of NBS laboratory notebooks for 
the period of 1976 - 1982 in conjunction with recent 
LANL P14 measurements it is shown that the Model 100-1, 
S/N 1 Debye Coaxial Line is stable. From the date of its 
inception in July 1977 to the present, at a temperature 
of 30 C the transition duration of the filter insertion 
step response has remained a 125.8 ps while the relative 
dielectric constant has remained at 2.7. Also, capacitance 
measurements on the NBS - held Model 100-2, S/N 2 have 
demonstrated that the capacitance has remaiqed at 32.3 pF 
since 1979. 
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IXlNG TERM STABILITY OF THE NBS DESIGN 

DEBYE DIELECTRIC COAXIAL LINE WAVE SHAPING FILTER 

1. Introduction. 

The objective of the work reported in this report was to compare the 1977 
NBS measurements on the wave shaping filter Model 100-1, S/N 1 and those 
made in 1993. The parameters to be compared are (1) the transition 
duration of the insertion transmission step response, and (2) the low 
frequency relative dielectric constant of the Debye liquid solution 
inside of wave shaping filter. Also, at the behest of LANL P14 NIST 
capacitance measurements were made on the NIST - held Model 100-2, S/N 2 
in 1990 and compared by LANL P14 with those made in 1979. 

To accomplish the objective required a thorough review of the NBS 
laboratory notebooks and reports covering the research, development, and 
calibration of all of the wave shaping filters produced by NBS. The work 
was done during the period of 1976 through 1982 with a total of 17 units 
being built and calibrated. 

The Model 100-1, serial No. 1, was built in 1977. It was an engineering 
prototype whose performance did not meet the predicted values, thus it 
served to define the necessary future research on the properties of the 
Debye liquid which were needed for the accurate design of the filters. 
Model 100-1, Serial No. 1. was kept at NBS with its original Debye liquid 
solution filling intact. The conclusion that the solution was in fact 
intact was not established until the 1993 measurements were made, and 
the review of the 1976 - 1982 NBS laboratory notebooks was completed. 
Hindsight use of the 1978 notebook graphs versus molal concentration M 
for (1) the relative dielectric constant €r and (2) the insertion 
transmission step response transition durationtd then allowed the 
calculation of the desired parameters. To correct for the temperature 
dependence of the NBS 1977 parameters, data obtained from the 1993 
measurements was used. 

This report is divided into six chapters and seven appendices as 
described below. 

Chapter 1. Introduction. 

Chapter 2. 1977 NBS Measurements on the Filter, Model 100-1, S/N 1. 

Chapter 3. 1978 NBS Measurements of the Dielectric Parameters 
versus Molal Concentration. 

Chapter 4. 1993 LANL/PSPL Measurements on the Filter, Model 100-1, 
S/N 1. 
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1. Introduction (cont.). 

Chapter 5. 1993 LANL Analysis to Determine the 1977 Dielectric 
Parameters and Molal Concentration of the Filter, Model 

Chapter 6. LANL/NIST November 30, 1990 Capacitance Measurements of 
the Model 100-2, S/N 2. 

100-1, S/N 1. 

Appendix 1. NBS June 10, 1977, Lab. notebook pages (8). 

Appendix 2. NBS October 28, 1976, Lab. notebook pages (1). 

Appendix 3. NBS July 25, 1977, Lab. notebook pages (4). 

Appendix 4. NBS July 7, 1978, Lab. notebook pages (3). 

Appendix 5. NBS August 21, 1978, Lab. notebook pages (3). 

Appendix 6. LANL/PSPL July 9, 1993, Lab. notebook pages (7). 

Appendix 7. LANL/NIST 1990, Capacitance Measurements (3). 



Chapter 2. 

1977 NBS Measurements on the Filter. 

The Model 100-1, S/N 1 was the prototype for the wave shaping 
filters. It was designed and built in 1977 by Dr. James R. Andrews (JRA). 
On June 10, 1977 using the NBS Automatic Pulse Measurement System (APMS) 
with the tunnel diode Model HPllOGA, S/N 732-00869 as a signal source he 
made the first measurements of the performance of a filter having the 
same structure as the Model 100-1, S/N 1. The structure consisted of a 30 
cm coaxial line having liquid sealing dielectric supports at each end, 
and a filling valve and expansion bellows mounted on the exterior of the 
coaxial line outer conductor. The coaxial line inner conductor OD was 
0.081 inches while the outer conductor was a 7mm precision line outer 
conductor (ID 0.276 inches, 7mm). The connectors mounted on the line were 
APC 7 precision connectors with modified (sealing) dielectric support 
beads. 

The results of the June 10, 1977 measurements were recorded in his 
laboratory looseleaf notebook. His laboratory notebook contains the 
following information: (1) a single page containing the descriptions of 
the measurement setup and the Debye line, (2) the APMS print out for the 
observed transition duration, (3) three APMS plots for the transmission 
waveform, and (4) three APMS plots for the reflection (TDR) measurements. 

For the transmission measurements the vertical sensitivity was 50.00 
mV/Div. while those for the TDR measurements were 50 mV/Div. and 5 
mV/Div.. The thebases employed for the transmission measurements were 
0.998 -/Dive and 0.048 ns/Div. while those for the relection 
measurements were 0.998 ns/Div.and 0.198 ns/Div.. The 0% and 100% percent 
levels were determined by the vertical axis histographic method over a 
time window of 9.98 ns. The measurements were made at room temperature. 
See Appendix 1 for a copy of the June 10, 1977 laboratory notebook pages. 

The Debye line was filled with a solution believed to be a 1.225 molal 
concentration solution of the solute 2-Heptanone in the solvent 
n-Heptane. The solution was made up by Mr. Edward Risley in November 12, 
1976. Based on his theoretical work Risley predicted that the 1,225 molal 
solution would have a relative dielectric constant Qr equal to 2.57 which 
in turn would give a transmission step response having a transition 
duration td of 100 ps. Also, for the Debye line to have a characteristic 
impedance 20 of 50 Ohms the inner conductor diameter would have to be 
0,081 inches because the h e r  diameter of the precision 7 mm air line 
outer conductor was 0.276 inches (7.OE-3 meters). See Appendix 2 for a 
copy of the summary of Mr. Risley's predictions. 

Both Er and td were not known quantities as they were predicted values 
based upon Risley's theoretical work. Thus, the experiment was 
designed to yield the actual values of the solution dielectric constant Er 
and the transmission transition duration M. 
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Chapter 2 (cont.) . 

On July 25, 1977 Dr. Andrews made measurements on the Model 100-1, S/N 1 
and recorded the transmission waveforms. He labeled them as "NBS T h e  
Xfer Std, Model 100-1, S/N 1" (Also, inside of the filter enclosure 
written on the coaxial line is 
1"). There was no APMS print out of the observed transition duration 
accompanying the waveforms, and the timebases were 49.951 and 99.902 ps . 
Also, his notebook contains one page of calculations using the equation 
for the characteristic hpedance Zo of a coaxial line in which he used 
Risley's predicted value for Er (2.57). He adjusted the value of the 
center conductor OD to match the observed 20 of 44.9 Ohms. His last 
calculated value for the OD was 0.80 inches which gave 20 = 46.23. This 
result demonstrated that Mr. Risley's prediction for the dielectric 
constant was incorrect. See Appendix 3 for a copy of the July 25, 1977 
laboratory notes. 

NBS XFR Standard Model 100-1, S/N 
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Chapter 3. 

1978 NBS Measurements of the Dielectric Parameters 
versus Molal Concentration. 

With the results of the June & July 1977 measurements in hand Dr. Andrews 
concluded that the behavior of the dielectric parameters versus molal 
concentration had to be experimentally determined. The parameters to be 
determined were the engineering design parameters €r(O,M,T) and td(M,T) 
which are the low frequency limit (DC) relative dielectric constant and 
the transmission transition duration, respectively, as functions of the 
molal concentration M and the temperature T. The dielectric constant of 
the solution has a Debye form which is frequency, temperature, and 
concentration dependent and is given by 

I (3.1) I n  €r(=,M,T) - €r(O,M,T) [ 1 + jwr(M,T) 
€ r (jo,M,T) := € r (=,M,T) - 

where Er(=,M,T) and T(M,T) are the high frequency limit relative 
dielectric constant and the dielectric relaxation time, respectively. 
When the angular frequency 0 (2rf) approaches zero (DC) Er(jw,M,T) 
becomes Er(O,M,T); in the other extreme, for infinite frequency 
€r(jw,M,T) reduces to €r(=,M,T). 

The polar molecule polarization contribution from the solute 2-Heptanone 
makes Er(O,M,T) greater than Er(=,M,T) . Because the polar molecules can 
not follow the reversals of the electric field at high frequencies, 
their contribution diminishes at high frequencies, and Er(jo,M,T) 
ultimately decreases to €(=,M,T) which is dependent upon 
the electronic polarization contribution from both the solvent n-Heptane 
and the solute 2-Heptanone. 

The two egineering design parameters sought by Dr. Andrews, €r(O,M,T) and 
td(M,T) can be determined by a series of time domain measurements on 
solutions of solute 2-Heptanone and solvent n-Heptane with M as the 
parametric variable. €r(O,M,T) can be calculated from the characteristic 
impedance measured by TDR, while M(M,T) can be calulated from the 
insertion t h e  domain transmission measurements. He performed the 
measurements with the APMS and the tunnel diode Model HPllOGA, S/N 
732-00870 using the wave shaping filter Model 100-1, S/N 2. The graphs of 
Er(O,M,30) and td(M,30) are shown in Appendix 4. Model 100-1, S/N 2 
differed from Model 100-1, S/N 1 in that its center conductor ID was 0.073 
in. rather than 0.081 in.. Note that the temperature T is 30 C (deg. 
Celsius). 



chapter 4 . 
1993 LA?-JL/PSPL Measurements 

After the Model 100-1, S/N 1 was modified to include a temperature 
controlling system, the temperature was set to 30 C, and the unit 
was run for several months to age the electronic components. On July 9, 
1993 pulse measurements were made on the unit which consisted of the 
following: 

4.1. Step response transmission at 23.3 and 30.0 C. 

4.2. TDR responses for the input port at 23.3 and 30.0 C. 

4.3. TDR response for the output port at 30.0 C. 

Refer to pages A.4-1 through A.4-5 for copies of the laboratory notebook 
pages covering these measurements. 

The results of these measuremements were as follows: 

Measurement Input Port Temperature Value 

4.1 F1 
4.1 F2 

129.8 ps 
30.0 C 125.8 ps 
23.3 C 

4.2 F1 
4.2 F1 

23.3 C 44.4 ohms 
30.0 C 44.7 ohms 

4.3 F2 30.0 C 44.6 Ohms 
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Chapter 5. 

1993 LANL Analysis to Determination the 1977 Dielectric 
Parameters and Molal Concentration of the Filter. 

5.1. The Filter Transition Duration Based on the NBS measurements of the 
Model 100-1, S/N 1, July 25, 1977. 

To estimate the transition duration of the waveform filter itself, the 
system transition duration must be known. The system transition 
duration is that produced by the tunnel diode generator operating 
directly into the APMS. Because the APMS step response may be 
considered to be constant (within statistical limits), the system 
transition duration depends upon the particular tunnel diode employed. 

The June 10, 1977 measurements employed the tunnel diode HPllOGA, SJN 
732-00869. For the transmission transition duration measurement of the 
Model 100-1, S/N 1 on July 25, 1977 there was no record of the tunnel 
diode used in the measurement nor was the temperature of the coaxial 
structure recorded. However, the tunnel diode HP1106A, S/N 732-00870 was 
used beginning on July 7, 1978 for the series of measurements to 
determine Er(O,M,T) and td(M,T) with T being 30 C, and the system 
response was recorded, pages A.4-1 through A.4-3. Comparing the 
transmission waveforms, pages A.3-2 and A.4-3, indicates that the Model 
HP1106A, S/N 732-00870 was used for the measurements on the Model 100-1, 
S/N 1 wave filter; consequently, we can conclude that the system 
transition duration tds was 30.89 ps. 

Regarding the operating temperature of the coaxial structure we will 
assume it to have been 24.4 C. This was the value of the case 
temperature for the calibration measurement of the Model 100-1, S/N 3 
which was delivered to Tektronix, January 24, 1978. This unit did not 
have a temperature controlling system attached to it. The calibration 
was done in the temperature controlled laboratory housing the NBS APMS 
which was used for the calibration measurements. Since the Model 100-1, 
S/N 1 was calibrated in the same laboratory using the NBS APMS, we have 
assumed that the temperature was the same, i.e., 24.4 C. 

Using the observed transition durations from pages A.3-3 and A.3-4 we 
then have the following: 

Temperature assumed to be 24.4 C. 

For the time3xise of 99.902 ps/div. we have: 

tdol := 132.4 ps. tds := 30.89 ps. 

The filter transition duration is then 

tdfl := tdfl = 128.7461 ps. 
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5.1. (cont.). 

For the thebase of 49.951 ps/div. we have: 

tdo2 := 134.8 tds := 30.89 ps. 

which gives a filter transition duration tdfl of 

tdf2 := J- tdf2 = 131.213 ps. 

The average transition duration tdl is 

tdfl + tdf2 
2 

tdf := tdf = 129.9796 ps. 

5.2. LANL/Picosecond Pulse Labs, Boulder, Co. Measurements on 
Model 100-1, S/N 1, July 9, 1993. 

Using the data for the transition duration of the filter vs temperature 
we have 

T1 := 23.3 M1 := 130.6 ; T2 := 30 td2 := 125.8 

The temperature coefficient for the filter transition duration Std is 
then 

td2 - tdl 
T2 - T1 Std := S td = -0.7164 

Assuming that the 1977 NBS laboratory temperature was 24.4 C. the 
temperature coefficient of -0.716 ps/C gives the transition duration td2 

T1 := 23.3 T2 := 24.4 Std := -0.716 ps/C 

td2 := tdl + (T2 - Tl)-Std td2 = 129.8124 ps 

which is very close to the average value tdf = 129.98 ps computed 
above in Section 5.1. 
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5.3. Comparison of LANL/PSPL 1993 Measurements with Those of NBS 1978. 

From JRA's (Aug. 21, 1978) curves for transmission transition duration 
td vs. molal concentration M, page A.5-2, we have that for 30 C and 
a transition duration of 125.8 ps 

125.8 ps corresponds to M = 1.50. 

This in turn gives from the €r vs M curve, page A.5-3, that 

Er = 2.68 corresponds to M = 1.50. 

The LANL/PSPL TDR measurement at 30 C gave an average reflec-ion 
coefficient p of 

-2 -2 
pl := -5.552- 10 p 2  := -5.627.10 

Pl + P 2  

2 
p := P = -0.0559 

50.03 

50 
K :=: - 

Z = 44.7064 

Z1 := Z-K 21 = 44.7332 

2 

br := [[""""J.ln[~]] tr = 2.6982 
2. t. 21 2.057 

which is very close to the value measured at NBS 1978, Er = 2.68. 

At a temperature of 23.3 deg.C the reflection coefficient was 

-2 
p := -5.857.10 

Z1 := Z-K 

2 = 44.4671 

z1 = 44.4937 
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5.3. (cont.) 

thus we have for Er at T = 23.3 deg.C, 

2 
376.99 

2. T .  21 2.057 
Er := [[ ]-ln[L]] €r = 2.7273 

5.4. summary. 
TABLE 5.4.1 

Meas./Calc. Yr./Lab. Temp.,C. Molal. M, ps. €r. 

Measured 1977 NBS 24.4 - 129.98 - 
Calculated 1993 LANL 24.4 - 129 . 8 - 
Measured 1978 NBS 30.0 1.50 125.8 2.68 

Measured 1993 LANL 30.0 - 125 . 8 2.70 

Measured 1993 LANL 23.3 - 130.6 2.73 

Inspection of Table 5.4.1 leads us to the conclusions that (1) the 
liquid dielectric has been stable during the period 1977 through 1993 
w i t h  a 30.0 C. relative dielectric constant of €r = 2.7 and 
(2) that the filter step response transition duration has remained as 
125.8 ps for a temperature of 30.0 C. 
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Chapter 6. 

LANL/NIST November 30, 1990 Capacitance Measurements 

Model 100-2, S/N 2. 

George Free of NIST 723 Capacitance Standards Group calibrated the 
capacitance of the Model 100-2, S/N 2 while it was operating under 
temperature control by its temperature controller at 30 C. Using 
three runs of ten succesive capacitance measurements he obtained the 
following mean values for each run, Appendix 7. 

Mean Value, pF. Run 

1 32 . 2945 
2 32 . 3038 
3 32.3121 

which yields the mean value of the means of 

32.2945 + 32.3038 + 32.3121 
3 

= 32.3035 PF- 

At NBS in 1979 at 30 C the capacitance had a measured value of 32.3678 
pF, refer to Appendix 7. Consequently, we conclude that the capacitance 
of the filter is stable. 
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