
APMP 2007

COOMET Meeting
St. Petersburg May 2008

Microphone Reciprocity Calibration

Erling Frederiksen

Brüel & Kjær
and

Danish Primary Laboratory of Acoustics



APMP 2007

Who am I?

Erling Frederiksen

History
Transducer Development Engineer, 1958 - 1969
Manager of the B&K Microphone Production, 1963 - 1967
Manager of the B&K Microphone and Calibration Development Group, 1970 - 1994

Today
Product Manager – B&K Microphone Calibration Systems 
Department Manager – DPLA-B&K Sound Calibration

Member of IEC/TC29  and Working Groups:
- microphones and calibration (WG5)
- sound calibrators (WG17)

Member of BIPM – CCAUV
erlingfred@bksv.com
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• Danish Primary Laboratory of Acoustics, DPLA
• DPLA-B&K Pressure Reciprocity Calibration
• DPLA-B&K Uncertainty of Pressure Calibration
• Type 4160 Modification

• Reciprocity Calibration with PULSE Analyzer
• DPLA-B&K Microphone Parameters
• DPLA-DFM Microphone Data-fitting
• New Method of Infra-sound Calibration
• Calibration of WS-microphones
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Danish Primary Laboratory of Acoustics

Operated by B&K in co-operation with DFM

DFM*
Special Calibrations
Calibration Research

Knud Rasmussen

B&K
Accredited S&V Calibrations
Calibration Research

Torben Licht (vibration)
Erling Frederiksen (sound)

* DFM (Danish Institute of Fundamental Metrology) has replaced
DTU (Danish Technical University) as our DPLA partner
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DPLA Nomination and Accreditation
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DPLA-B&K
accredited

Pressure-field Reciprocity Calibration
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Plane Wave Couplers for use with Air
One-inch Coupler

taken apart for
volume and length calibration

Pair of Half-inch Couplers

Length: 9.4 mm Length: 4.7 mm

Sapphire

Coupler Pair
for calibration and 

microphone volume 
determination
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Impedance of 'Plane Wave Coupler'

'Plane Wave Coupler' Model of Acoustic Transfer Impedance 
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(IEC 1094-2)

lxy < 0.4 . λ d = ddiaphragmDimension requirements:

Advantage :      very high max. frequency without Hydrogen
Disadvantage : high influence from impedance of microphones
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5th Generation B&K Reciprocity System 

Microphone Reciprocity
Calibration System
Type 9699

Highly Accurate
Slow Method – Fast System
Frequency Range up to 25 kHz

Type 9699
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Traditional Type 9699 Reciprocity System

Driver - or Insert Voltage Ground or Insert Voltage

Coupler

Tr. Mic. Rec. Mic.

Series
Capacitor

Reciprocity Calibration Apparatus

HP-Filter Amplifier
Amplifier

1/3 Octave Filter

IEEE-bus

Voltage Generator

Digital Voltmeter

Personal Computer

Pressurization Chamber
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Calibration History
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DPLA Standard Microphone
Type 4160 No.873982    
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Calibration History
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Uncertainty Calculation Type 4180 – LS2 - DPLA

DPLA-B&K uncertainty
budget for accredited

pressure sensitivity calibrations
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Resulting Uncertainty Type 4180 – LS2 - DPLA
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Uncertainty Influence of Parameter Groups 
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DPLA Uncertainty of Type 4180 Calibrations
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Comparison of Type 4160 and 4180
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DPLA Calibration Uncertainty, Type 4160 and 4180
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Influence of Microphone Front Cavity
Thread
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Details of Type 4160 Front Cavity

1.4 mm
1.95 mm

Ø 18.6 mm

Type 4160

B&K - 2000 - EF
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Fig. 4.  Corrections to sensitivities of microphone Type 4160 measured with Plane
 Wave Couplers of 7.5 mm and 15 mm length. The corrections account

for the heat conduction effect of the front cavity thread

Influence of Thread in case of B&K Standard Couplers

B&K - 2000 - EF
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Details of Type 4144/45 Front Cavity

DB0111
1.4 mm

1.95 mm

Ø 18.6 mm

Ø 22.0 mm

Sealing Ring

Ring Cavity

Type 4144/45

B&K - 2000 - EF
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Fig. 5.  Corrections to sensitivities of microphones Type 4144 and Type 4145 measured with Plane
Wave Couplers of 7.5 mm and 15 mm length. The corrections account for the heat conduction effect

of the front cavity thread and the ring-shaped cavity formed by the Adapter Ring DB0111

Influence of Thread in case of B&K Standard Couplers

B&K - 2000 - EF
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IEC 61094-1   LS1 – Type 4160 Modifications

Thread removed from
Front Cavity Surface flattened

by lapping
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