
-R189 222 NOISE IN LEAD BETA ALUNINAMU UTAH UNIV SALT LAKE CITY 1/1
DEPT OF PHYSICS J J BROPHY ET AL MAY 87 TR-11

IFE NBOO14-82-K-8b03

7 UCLASSIFIE F/G 26/5 NL



L1M _M_ -

p =-,

* p\

(.25.

MICROGOP RESOLUTION TEST CHART
8UQM OF S1MM-193-A



DIJI1 FHLAUM
AD-A 180 222 AEPORT DOCUMENTATION PAGE

lb RESTKICTIVE MARKINGS

UNCLASSIFIED _______________________
2a SECURITY C ASSIFICATI0N AUTHORITY 3 DISTRIBUTION / AVAILABILITY OF REPORT

Approved for public release and sale.
2b DECLASSIFICATION /DOWNGRADING SCHEDULE Distribution unlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

ONR TECHNICAL REPORT #11

6a NAME OF PERFORMING ORGANIZATION j6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION

PHYSICS DEPARTMENT (if appicable) OFFICE OF NAVAL RES. RESIDENT REPRESENTATIVE

6c ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (Cty, State. and ZIP Code)

UNIVERSITY OF UTAH UNIVERSITY OF NEW MEXICO
SALT LAKE CITY, UTAH 84112 B zndelier Hall West

__________________________________ Albuquerque, NM 07131
Ba NAME OF FUNDING, SPONSORING 8 b OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION (if applicable)

.UFTE OF NVAL RFS_ ONR N00014-82-K-0603
8c ADDRESS (Cit, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS

Leader, Chemistry Div., Assoc. Dir. of PROGRAM PROJECT TASK WORK UNIT
Mathematics & Physical Sciences ELEMENT NO. NO NO ACCESSION NO

800 N. Quincy St., Arlington VA 22217
11 TITLE (Include Security Classification)

Noise in Lead Beta" Alumina
12 PERSONAL AUTHOR(S)

James 3. Brophy and J. Jeff Carroll
13 YE0 OTechicb TI O VERED8 TO!! 7 4. DATE OF gFDRT (Year, Month, Day) 11S PAGE COU.NT
13 YEO OTea FRO TME COV8R7 To/ May A~ (Tour)

16 SUPPLEMENTARY NOTATION

17 COSATi CODES IS SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

k FIELD 
GROUP 

SUB-GROUP

19 8STRACT (Continue on reverse of necessary and identify by block number)

Conductivity fluctuations ascribed to diffusion noi.e of the mobile ions have been
observed in single crystal and polycrystalline ceram'ic Pb Beta"alumina. The observed
noise levels are much greater and the temperature dependence stronger than predicted
by the standa d expression for diffusion noise. The calculated effective ion
density, Wions/cm3 is two orders of -1zagritude larger than that of Na Beta"alumina
and Ag Bet "alumina. 4his can be attriiuted to smaller correlation effects between
the moi osbecause of the lesser a~ctual mobile ion density in Pb Beta"alumina.

SMAY 13 1987
20 D;STRIBUTION iAVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

0 UNCLASSIFIED/UNLIMITED (3 SAME AS RPT 0 OTIC USERS UNCLASSIFIEDA
d.2& NAME Of RESPONSIBLE INDIVIDUAL 22b TELEPH4ONE (Include Area Code) 22c OFFICE SYMBOL

DO FORM 1473, 84 MAR 83 APR edlition mnay be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE
All other editions are obsolete * .I. **roi Prntn 0"ft 199"614"

v ~~120



OFFICE OF NAVAL RESEARCH

Contract No. N00014-82-K-0603

TECHNICAL REPORT NO. 11

NOISE IN LEAD 0' ALUMINA

by

James J. Brophy and J. Jeff Carroll

Prepared for Presentation

at the

9th International Conference on Noise in Physical SystemsUniversite de Montreal

Montreal (Quebec) Canada
May 25-29, 1987 Ac

Department of Physics
University of Utah _...

Salt Lake City, Utah 84112

May 1987 .

Reproduction in whole or in part is permitted for
any purpose of the United States Government !-I

This document has been approved for public release
and sale; its distribution is unlimited



NOISE IN LEAD P" ALUMINA

by

James J. Brophy and J. Jeff Carroll
Physics Department
University of Utah

Salt Lake City, Utah 84112

I. INTRODUCTION

Conductivity fluctuations ascribed to diffusion noise of the

mobile ions have been reported in both sodium1 and silver2 B'alumina.

The observed noise levels are much greater and the temperature

dependence stronger than predicted by the standard expression for

diffusion noise.3  It is supposed that the discrepancies arise from

correlation effects between the mobile ions. This work reports on

experimental measurements of conductivity fluctuations in single

crystal and ceramic Pb 0"alumina in which the mobile ion density is

one-half of that in sodium and silver conductors because the mobile

ions are doubly charged. Correlation effects might be expected to be

different in this case because of the smaller ion density.

II. EXPERIMENTAL TECHNIQUE

Single crystals 4  and ceramic samples5  of Na P'alumina5,

5x5xO.5 mm3, are converted6 to Pb Poalumina by immersion in molten

PbCl 2 at 5500C for 24 hours under a partial pressure of oxygen. The

converted crystals are clear and the measured weight change indicates

essentially complete exchange of one lead ion for two sodium ions. As

in previous studies,1 ,2 the corners of the square samples are sealed

into plastic test tubes containing saturated aqueous Pb(N03)2 to

provide longitudinal current contacts and transverse noise contacts.

Noise levels at the transverse contacts are measured with a PAR 113

preamplifier and a digital FFT analyzer.



III. EXPERIMENTAL RESULTS

Aqueous lead nitrate yields very low noise contacts after aging

for several hours. Typical noise spectra are shown in Figure 1. At

zero current, Nyquist noise is observed above amplifier noise for

frequencies greater than about 30 Hz. Room temperature conductivity

determined from the sample resistance calculated using the observed

Nyquist noise level is 8.3 x 10-3 (ohm-cm)-1 , in good agreement with

literature values.6 Current noise spectra vary as f-3/2, characteristic

of diffusion noise, 3 and increase with the square of the current. As

shown in Figure 1, both transverse and longitudinal noise levels are
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Figure 1. Transverse and Longitudinal Noise Spectra of a Pb 011
Alumina Single Crystal at Room Temperature

the same, indicating the absence of contact current noise and

confirming that the observed noise is due to bulk conductivity

fluctuations. This has previously been observed in the case of Ag
flualumina but not for Na I"alumina.



Essentially identical results are seen for polycrystalline

ceramic specimens. The noise levels are similar, indicating that the

polycrystalline grain structure does not markedly influence the

observed noise. This agrees with results previously reported for both

sodium I and silver2 B"alumina. All current noise spectra vary as
f-3/2 , characteristic of diffusion noise.

IV. DIFFUSION NOISE

The voltage noise spectral density, S(V,f,T), arising from

diffusion can be written
3

S(V,f.T) 4 4 3 2  (1)
VZ N (\2)i

where N is the number of diffusing entities, D is the diffusion

constant, L is the sample length, and V is the average voltage across

the sample. This expression is valid above a characteristic frequency

given by wo - 2D/L 2. Below wo the spectrum flattens, becoming a

constant in the case of three-dimensional diffusion.

The observed noise signals are thermally activated, Figure 2. The

activation energy in the case of Nyquist noise (OpiA,5kHz) agrees with

conductivity values6 for both single crystal and ceramic samples. The

temperature dependance for diffusion noise (I>O,1OHz) is greater than

can be accounted for by Equation (1). This is consistent with

previous results for sodium and silver P'alumina.

As in the case of sodium and silver 0"alumina, the noise level

predicted by Equation (1) is many orders of magnitude less than that

observed in the Pb 0"alumina samples. This is attributed to

correlation effects between the diffusing ions which may lead to an

effectively smaller ion concentration for diffusion noise. Equation

(1) can be used to calculate an effective ion density as a means of

comparing experimental results between the different ion species.

The calculated effective ion density for the lead conductors is

1010 ions/cm 3, larger than that of the other two, which may result

from the smaller actual ion density in these specimens because the

lead ions are doubly charged. The known mobile ion density in



I0alumina is approximately 1021 ionslcm3, so that the larger value in

the case of lead may suggest smaller correlation effects.
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Figure 2. Temperature Dependance of Nyqutst Noise (5kHz) and
Diffusion Noise (lOHz) of Single Crystal and Ceramic
Pb I0"AI umina.
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