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Introduction

Your TEM Consulting Sound Level Meter / Magnatometer is a versatile and device, allowing the measurement of both sound intensity and magnetic field strength.  The device was developed to assist in the design and measurement of T-Coil signals from Hearing Aid Compatible phones.  However a wide range of other uses may be found for this instrument.

The instrument features a large, easy-to-read indicator.  It uses a 9V battery.  It has been designed for easy of use and versatility.

Specifications & Features

Range

There are 7 user-selectable Ranges, allowing measurements from 50 dB to 126 dB (referenced to 0.0002 mbar).  In magnetometer mode the range is ~-60 dB(A/m) - +16 dB(A/m) (see individual calibration chart for exact scale conversion).  

	Switch Setting

(dB)
	Range of Measurement

(dB)

	60
	50 - 66

	70
	60 – 76

	80
	70 – 86

	90
	80 – 96

	100
	90 – 106

	110
	100 – 116

	120
	110 – 126




Set Range to the lowest level possible without pegging the needle for greatest accuracy. Avoid operating the meter at a range setting that causes pegging of the needle as this could damage the movement.

Range Accuracy – ±2 dB @ 114 dB

Standard – 0 dB = 0.0002 mbar

Output

The level can be monitored and/or recorded from the phono Output jack.  Any equipment connected through this jack should have a minimum load impedance of 10k Ohms to prevent affecting the reading.  The output level is 1.0 Vpeak (0.7 Vrms) (typical) into open circuit with full-scale meter deflection at 1 kHz.  See calibration data for exact level

Response

The Response selector has two settings – Fast and Slow.  The Fast response measures using a short term average.  The Slow response a longer term average value.  The effects of brief variations are minimized in the Slow position.

Weighting Filters

Both A and C message weighting filters are included.

Battery

The meter uses a single 9 V battery.  The expected battery life is >40 working hours with an alkaline battery.

Battery Indicator

The meter has a built in battery indicator to let you check the battery condition.  The indicator tests “good” from 7.0 to 10.5 V.

Output Jack

A phono-type output jack is provided to allow connection to other test equipment.  A medium-to-high impedance headset or recording instrument may also be connected to monitor the signal while making measurements.

Signal Output

1.0 V (peak) minimum into an open circuit, with full-scale meter deflection at 1 kHz.

Load Impedance

10k Ohm minimum

Distortion

Less than 2% at 1 kHz, 0.5V.

Mounting

A threaded insert allow you to attach the meter to a tripod or mounting fixture.  This is particularly helpful when incorporating the instrument into a larger test configuration.

Microphone

Electret condenser omindirectional which becomes slightly directional with increase in frequency.

Magnetometer

The Magnetometer is designed to read approximately 110 dB at 1 kHz when exposed to 0 dB(A/m).  See the individual calibration chart for exact level.  The calibration is valid only with the probes provided with the meter.

Size

160 x 62 x 44 mm (6 5/16 x 2 7/16 x 1 ¾ inches).

Weight

185 g (6.6 oz)

Magnetometer Theory of Operation


General

The Magnetometer senses audio frequency magnetic fields using a magnetic probe.  The probes supplied with the unit use the same magnetic sense coil (T-Coil element), as specified in ANSI C63.19 and other related standards.  The low output level of the passive coil is amplified ~34 dB, by a dual-stage amplifier, to bring the signal up to microphone level.  The Magnetometer/SLM switch allows substituting this signal for the microphone signal of the Sound Level Meter (SLM).  The SLM circuitry and controls can then be used to register the A or C-weighted, fast or slow-filtered level of the magnetic field.  The output jack provides for monitoring the conditioned signal that also feeds the meter.

Calibration

For convenience of interpretation, the SLM dB-SPL readings are associated with magnetic field levels according to the typical hearing aid correspondence established in the ANSI S3.22 and IEC 60118 standards.  An additional 20 dB of gain is provided to increase the sensitivity to low level signals:

31.6 mA/m (1 kHz) <-> 80 dB-SPL

or:

1 A/m (1 kHz) <-> 110 dB-SPL

The Magnetometer reading is then given by the formula:
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where the 1 kHz equivalent magnetic field strength H is in A/m.  For a given SLM reading then, the 1 kHz equivalent magnetic field can be found by the inverse formula:
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Field strengths at frequencies other than 1 kHz are converted to 1 kHz equivalent levels according to typical response curves provided in Appendix 2 and the frequency responses provided by the calibration curves for each individual instrument.  The curves provided in Appendix 2 incorporate the effects of both the A and C-weighting.

Operating Instructions


Making ANSI C63.19 Measurements

Set Weighting to A-Weighting to make a single, broadband measurement, such as required for the undesired magnetic field noise, the variable ABM2 in the standard.  For other readings the C-Weighting is a flatter frequency response and is more appropriate.

Set the Response to Fast.

When adjust the audio output of the DUT, take care to ensure proper coupling between the DUT and Magnetometer/Sound Level Meter.

Appendix 1:  Telecoil Responses

Contents

A. Addendum Purpose and Background


Typical hearing aid telecoil use

B. Typical Telecoil Circuit Response


Frequency response to a magnetic field has a corner at typically 1 kHz

C. Typical Combined Source/Telecoil Responses


Fully loading the telecoil approximately compensates for typical magnetic source characteristics

D. Magnetometer Response


Proper magnetometer design mimics a typical telecoil frequency response

Purpose and Background

The T-Coil, or telecoil, is a common device, provided with many hearing aids to allow the user to listen not through a microphone, receiving an acoustic signal but through a T-Coil, receiving a audio band magnetic signal.  The primary advantage to the use is that in T-Coil mode the hearing aid does not receive audio background noise with the result that the user enjoys a better signal to noise ratio.  

The use of the T-Coil is included in several widely used standards, particularly in telephony.  The key standards relative to the use of T-Coils are:

· ANSI C63.19
American National Standard for Methods of Measurement of Compatibility between Wireless Communications Devices and Hearing Aids

· EIA RS-504
Magnetic Field Intensity Criteria for Telephone Compatibility with Hearing Aids. 

· ANSI S3.22
American National Standard, Specification of Hearing Aid Characteristics


In the US, the Federal Communications Commission (FCC) requires that most telephones, including landline phones, cordless phones and cellular or mobile phones, provide a T-Coil signal.  Products that meet these FCC requirements are commonly referred to as being “Hearing Aid Compatible” (HAC) because they meet the FCC HAC requirements.

There are some common misconceptions concerning the way in which T-Coils are typically used in hearing aids.  For example, it is sometimes assumed that T-Coils are used electrically unloaded (into and input impedance of  >10 kOhms for a typical coil).  Such a high impedance, voltage sensing circuit would yield a 6 dB/octave rising response over frequency for a constant magnetic field strength.  This operating characteristic may have been at least somewhat true in the past, but is not generally the case in current hearing aids.  A consequence of this misunderstanding can be incorrect measurement of the T-Coil signal, particularly when making a broadband measurement or measuring the T-Coil signal frequency response.

The most commonly used T-Coil circuits use amplified T-Coil components rather than the inductive sensing element alone.   There components, which combine a T-Coil, inductive sense element with an amplifier, are most often designed in a virtual ground or, current-sensing mode.  This kind of circuit presents the T-Coil inductive sense element with a virtual ground input with the result that the element is presented with a ~0 Ohms loading.  As a consequence of this current sensing, circuit design the frequency response of the circuit is different from that expected from a high impedance circuit.   While in the past, circuit designs may have used different approaches, it is generally agreed that currently most T-Coil circuits in hearing aids use this “fully loaded” current sensing, low impedance load circuit design.  Therefore, in the sections to follow, describing the T-Coil behavior the assumption is that these devices are operated fully loaded, using a current sensing, low impedance load circuit.

Typical Telecoil Circuit Response

A T-Coil, when operated unloaded, has a flat frequency response with respect to the rate-of-change of the magnetic field and a 6 dB/octave rising response with respect to the field strength itself.  When operated into a current-sensing circuit, a T-Coil has a 6 dB/oct. falling characteristic at higher frequencies with respect to the field rate-of-change and a flat response to the field strength itself.  At lower frequencies, though, the inductance becomes small compared to the coil resistance, effectively unloading the coil and causing the response to revert to an unloaded voltage-sensing response with a 6 dB/oct. sloping frequency response curve.  The crossover between these lower and higher frequency regions occurs at a frequency where the T-Coil resistance and inductance are equal.  For the most commonly used amplified T-Coil element the crossover occurs at ~1000 Hz.  Other passive inductive elements that are sometimes used in T-Coil applications have the crossover frequency between 360 Hz and 2100 Hz.  Some parts are designed with a higher corner in order to match a sloping microphone responses, but these, and other suggested circuit response-shaping options, are seldom, used in hearing aids.

A grounded telecoil with a corner at approximately 1 kHz is typical.  The theoretical response of such a telecoil circuit is shown in the following graph, with respect to both a constant rate of change of field (blue; resulting from a constant-voltage drive to a perfect source inductor) and constant field strength (red; resulting from a constant-current drive to a perfect source inductor):
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Typical Combined Source/Telecoil Responses

The question naturally arises, what are the characteristics of typical magnetic field sources?  How do telephones drive the inductive elements they use to create a T-Coil signal?  The EIA RS-504 and ANSI C63.19 standards specify equivalent frequency response masks for the magnetic fields produced by telephones.  This frequency response envelope implies the presence of a voltage-driven circuit to a magnetic source inductor, with some higher frequency inductive effect to meet the mandated T-Coil signal frequency response.  That is, the magnetic source inductor must provide some series resistance (allowing the low frequency to roll off) and some higher frequency inductance falloff (allowing extra high frequency current and resultant field boost compared to what would be expected from a perfect inductor).  
The typical frequency response of a T-Coil signal is shown in the next graph, normalized to the 1 kHz levels.  One of two, nearly identical frequency masks from the EIA RS-504 document is also shown.   (The EIA RS-504 frequency response masks are established relative to the output from an unloaded probe coil; that is, relative to the rate-of-change of the magnetic field.  The corresponding ANSI C63.19 frequency response masks are established relative to the field strength magnitude, and thus slope downwards 6 dB/octave relative to those shown following.)
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The graph shows that telephone receivers can be expected to behave with characteristics that could be described as those of a voltage driven T-Coil transmit circuit.

The next graph shows the result of the combination of the typical magnetic sources, described above, with both a low impedance, current sensing load (such as typically used in a hearing aid T-Coil circuit – solid curves) and a high impedance or voltage sensing load (dotted lines).   
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The net response for the T-Coils as typically used (solid curves) is relatively flat from 300 Hz - 3 kHz and is a more desirable frequency response for most users than the rising response that would be obtained from a coil operated into a high impedance load (dotted curves).  

It seems to be the historical case in the hearing aid industry, that unloaded T-Coils were found to be too “bright”-sounding (too much high frequency response) when used with typical sources such as telephone receivers, and that running them into virtual grounds, or at least loading approaching this condition, gave a more balanced sound.  The above graph explains why.

Magnetometer Response

The Magnetometer design mimics a standardized, typical T-Coil response, which responds to the rate of change of the field below 1 kHz and the magnitude of the field above there.  

The alternative of responding to the magnitude of the field throughout the frequency range, rather than the rate-of-change of the field at lower frequencies (Which would necessitate a 6 dB/octave boost below 1 kHz relative to be applied to a T-Coil output through additional amplification) is not practical or desirable.  (See Appendix 2 for further discussion.)  Responding to the rate-of-change rather than the field magnitude above 1 kHz (as would a coil into a high impedance load) is not proper, either, if the results are to correspond to typical hearing aid use.  The only logical option is to follow a standardized, typical hearing aid telecoil frequency response.

Discussions of hearing aid T-Coil operation often speak of field strength only in terms of magnitude, as if this could be unambiguously applied at any frequency.  It obviously can’t be below 1kHz.  A wide-band measurement must be made with respect to a given frequency response:  logically, a “standard” telecoil response.  When appropriate for clarification, the term “1 kHz equivalent field strength” more fully addresses the concept.

The Magnetometer measures this C or A-weighted “standard” T-Coil response, normalized at 1 kHz.  This is appropriate for measuring the broadband level of audio frequency magnetic signals to be received by T-Coil-equipped hearing aids.  The Magnetometer may also be used on its flatter C-weighted setting to measured field strength magnitudes at individual frequencies other than 1 kHz by adding the inverse of its C-weighted standard T-Coil response to the measurement result.  This inverse curve for the Magnetometer is shown below.  This curve is the inverse of the magnetometer C weighting Calibration Chart.  For example, to find the true level of a 100 Hz magnetic field, 18 dB would be added to the magnetometer reading and the appropriate 1 kHz equivalent conversions made (see Calibration section).
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Appendix 2:  Magnetometer Responses

The magnetometer gives an A or C-weighted measurement similar to the output of a typical hearing aid in T-Coil mode.  The following graph shows the response of the TCM-SLM in both A and C-weighting modes to a constant magnitude field.
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These response characteristics are appropriate for predicting the A or C-weighted magnetic pickup level appearing at the output of a hearing aid T-Coil receiving circuit, and therefore for predicting the subjectively perceived level of the magnetic signal perceived by the hearing aid user.  When measuring a hearing-aid T-Coil-equivalent response, no further compensation is needed.  Conversion to A/m is done according to the formula given under Calibration.

If single-frequency magnetic field measurements are being taken at frequencies other than 1 kHz, the 1 kHz-equivalent broadband C-weighted readings can be converted to single-frequency field magnitude readings by adding the values from the “Inverse Magnetometer C-weighted Response” graph above (subtracting the values from the Calibration Chart), and then converting to dB(A/m) or A/m.

The magnetometer measurement characteristics are further illustrated by the following graph, which again plots the relative sensitivity to a constant magnitude field, but with a normalization of the curves to a standard T-Coil response.  (The standard T-Coil response is subtracted from the actual response curves.)  The resultant curves are compared to the ideally defined A and C weighting curves.  It can clearly be seen that the magnetometer accurately measures the A and C-weighted values of the broadband output of a standardized, typical hearing aid T-Coil.  The solid blue and red curves give the measured values.
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As a further explanatory note, while it would seem at first that designing the magnetometer to respond directly to the A and C weighted values of the field magnitude would be more straightforward than employing a standardized, typical T-Coil response characterstic, two problems arise with that notion:


1) The resultant measurement spectral weighting would favor the lower frequencies, in comparison to what would be sensed by a hearing aid T-Coil

2) The increased sensitivity at the lower frequencies would increase environmental hum pickup, straining the measurement dynamic range and making lower-level mid and higher frequency magnetic measurements difficult or impossible.

Calibration Chart

Serial Number: SBI 001 – Radial Probe

Magnetometer: 117.7 dB = 1 A/m (0 dB(A/m))

	Frequency
	Output Relative to 1kHz

	250
	-19.1

	315
	-14.4

	400
	-10.8

	500
	-7.8

	630
	-4.1

	800
	-1.8

	1000
	0.0

	1250
	0.8

	1600
	0.2

	2000
	-1.0

	2500
	-3.0

	3150
	-5.9

	4000
	-9.1

	5000
	-12.8


Output: 0 dB = 0.327 Vrms

Calibration Chart

Serial Number: SBI 001 – Axial Probe

Magnetometer: 117.7 dB = 1 A/m (0 dB(A/m))

	Frequency
	Output Relative to 1kHz

	250
	-19.1

	315
	-14.4

	400
	-10.8

	500
	-7.8

	630
	-4.1

	800
	-1.8

	1000
	0.0

	1250
	0.8

	1600
	0.2

	2000
	-1.1

	2500
	-3.0

	3150
	-5.9

	4000
	-9.1

	5000
	-12.9


Output: 0 dB = 0.327 Vrms

� The Sound Level Meter portion of the instrument doe not meet the requirements of ANSI S1.4.
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