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1. MICROPHONE 

TECHNOLOGY 2 

1.1.  THE POLAR PATTERN 
 
The directionality, or polar pattern, in microphone technology describes the sensitivity 
of the output voltage of a microphone in relation to the sound incidence angle. 

The polar pattern is basically frequency-dependent. The directionality depends on the 
design of the microphone capsule and on external shape elements. 

1.2.  TYPES OF MICROPHONES 

There are basically two different types of microphone design. These types are not 
bound to a particular type of transducer (dynamic or electrostatic). 

1. PRESSURE RECEIVER  
The pure sound pressure change deflects the membrane (diaphragm) from every  
direction. At high frequencies, however, the sound arriving at the back is no longer 
bent around the capsule or microphone, which results in a directional effect. 

• Membrane accessible for 
 sound only from one side 
• Omnidirectional directional 
 characteristic 

In practice, you find pressure sensors that almost exclusively work with the  
electrostatic transducer principle. This also makes sense because the electrostatics 
enable much better spatial reproduction. The pressure receiver is always connected 
to the omnidirectional polar pattern.  

2. PRESSURE GRADIENT RECEIVER 
All other polar patterns can be achieved with the pressure gradient receiver principle. 
These are found in nearly equal proportions in dynamic and electrostatic transducers 
(apart from shotgun and PZM mikes). 

• Membrane accessible to 
 sound from both sides 
• Figure-eight polar pattern 
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5. SUPERCARDIOID 
• stronger directionality than cardioid 
• lowest sensitivity at approx.135°/225° 

6. HYPERCARDIOID 
• see supercardioid, but with a tighter axis 

7. SHOTGUN, ULTRA-DIRECTIONAL 
• Shotgun up to 50 cm long 
• very strong directionality with less linear frequency response („nasal“ at centre  
 due to interference effects) 
• Used for reports in noisy environments e.g. football broadcasts on the sidelines  
 or film sound. 

The directionality becomes stronger and the recording angle narrower from omni 
to shotgun. At the same time, ever less diffused sound is recorded at the same  
respective distance from the sound source.  

1.3. DIRECTIONAL CHARACTERISTICS 

Different polar patterns have been developed in order to be able to use microphones 
in a targeted manner. 

These determine how wide the recording angle of the respective microphone is.  
The polar pattern describes the dependence of the strength of received or transmitted 
waves on the angle. 

1. OMNIDIRECTIONAL, UNDIRECTED 
• better frequency response than directional types if it is a „real“ omnidirectional  
 mike 
• for spatial recordings (e.g. atmo, but also rooms with good acoustics  
• MS stereophony 
• no directionality! 

2. FIGURE-EIGHT, BI-DIRECTIONAL 
• lowest sensitivity at 90° and 270° 
• MS stereophony amongst others 
• e.g. two speakers sitting opposite each other 

3. CARDIOID, UNIDIRECTIONAL 
• Standard directional characteristic, suitable for most applications 
• good directionality 
• lowest sensitivity at 180° 4. Subcardioid 
• Combination of omni and cardioid 
• only slight directionality 
• lowest sensitivity at 180 degrees (see cardioid) 
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1.6. DOUBLE-MEMBRANE CAPACITOR MICROPHONE  

Both condenser cap-
sules are cardioids 
and therefore pres-
sure gradient recei-
vers. 
The directional effects 
can now be inter-
connected in various 
ways. Instead of a 
simple switch-over, 
there are infinitely 
variable setting pos-
sibilities e.g. Brauner 
VM-1. 

C1   alone cardioid 
C1  +  C2 omni 
C1  -  C2 figure-eight (with phase-shifted capsule bias) 
C1  -  50% C2 supercardioid 
C1  +  50% C2 subcardioid

1.4. FREQUENCY DEPENDENCE OF DIRECTIONALITY 
 
The polar pattern is 
not the same for all  
frequencies due to  
diffraction.  
  
The omnidirectional ef-
fect becomes cardioid  
at high frequencies,  
and the cardioid effect 
becomes omnidirectio-
nal at low frequencies. 

1.5.  INTERFERENCE RECEIVER 
 
The interference receiver and/or shotgun characteristic is basically a composite direc-
tional characteristic. 

Typically, a hypercardioid capsule is used and a so-called interference tube is placed 
in front of it, which dampens or cancels out the laterally incident sound. 
Shotgun directional characteristic with additional directional shotgun up to 50 cm  

•  Reflection and superposition of laterally incident sound waves in the shotgun  
 lead to cancellation using special arrangement of ports (intake openings) 

•  Disadvantage: 
 sound deterioration 

•  Use in radio 
 and theatre 
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1.7.  PROXIMITY EFFECT 
 
If you approach a 
pressure gradient 
receiver capsule 
up to the nearfield 
range, i.e. up to one 
or two wavelengths 
(there are different 
specifications in 
the literature), the 
low frequencies are 
emphasised by the 
microphone much 
more clearly than in 
the far-field.  
This effect is only minimal with pure pressure receivers (omnidirectional micro-
phones). With pressure gradient receivers, it is either used to compensate for the  
microphone‘s weak bass in the far-field (live vocal microphones) or to artificially 
overemphasise the low frequencies in order to make the voice appear more powerful 
(radio speaker; quiet, intimate singing).  

Studio vocal microphones are typically pressure gradient receivers (switchable  
directional characteristics and/or cardioid) and therefore have a proximity effect. 
However, these microphones are not designed for close-talking, but rather optimised 
for far-field recording (with resonance chambers in the microphone for the bass and/
or friction losses for the highs).  

Technical reasons for the proximity effect: The reasons for the proximity effect are  
primarily the curvature of the spherical wave in the near-field in front of the micro-
phone. Due to the path length and thus phase difference there is a greater pressure 
difference in the near-field than in the far-field where the wave becomes increasingly 
flatter. The higher the pressure difference, the greater the deflection of the diaphragm.  

Since the low frequencies are less strongly directionally emitted than the high  
frequencies, they experience even stronger concentration in the near-field with simul-
taneous increase of the pressure gradient due to the curvature of the sound waves. 

1.8.  FURTHER MICROPHONE CHARACTERISTICS

The alternating voltage resulting from sound conversion is characterised by the  
following parameters: 
FREQUENCY RESPONSE 
The frequency response indicates how 
sensitive a microphone is at different fre-
quencies. There are two different types:  
• Linear frequency response 
• All frequencies in the audible range are reproduced at approximately the same  
 volume. 
• Contoured frequency response 
• For certain areas of application, it makes sense to amplify certain frequencies. 

OPEN CIRCUIT VOLTAGE FACTOR CHECK 
• The sensitivity of microphones indicates how high the voltage at the output of  
 the microphone is when sound pressure in the free field is 1Pa (=94dB-SPL) at  
 1 kHz. The specification is given in mV/Pa. 

SIGNAL TO NOISE RATIO 
• The signal-to-noise ratio evaluates the inherent noise of a microphone. The  
 smaller the microphone capsule, the more susceptible it is to noise. 

IMPEDANCE 
• Impedance is the electrical output resistance of the microphone.  

DISTORTION FACTOR/HARMONIC DISTORTION FACTOR CHECK 
• The distortion factor indicates distortions of a sinusoidal alternating signal. These  
 distortions can also be caused by mechanical components in the analogue signal  
 processing. With microphones one specifies the sound pressure that leads to a  
 certain distortion factor (maximum sound pressure level). 

MAXIMUM SOUND PRESSURE LEVEL 
•  The maximum sound pressure level in microphones is the sound pressure level  
 measured at 1kHz, above which the distortion factor is greater than 0.5 %.  
 Manufacturer information on microphones always gives the sound pressure level  
 in dB. 

6



2.1. STEREOPHONY
 
There are 3 basic different types of stereophony which produce the stereo effect with 
differences in the transit time and volume (level differences).  

LEVEL DIFFERENCE STEREOPHONY: 
• XY stereo, M/S stereo, Blumlein stereo 

TRANSIT-TIME STEREOPHONY: 
• Small AB stereo, large AB stereo 

EQUIVALENCE STEREOPHONY: 
• ORTF stereo, NOS stereo, LTE ... 2

2. STEREO TECHNIQUES
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2.2. DIFFERENCES IN STEREO TECHNIQUES 
 
1. AB TECHNIQUE (transit-time stereophony) 
• Capsule distance 17 - 80 cm 
• No opening angle of the capsules relative to each other  
• Transit-time differences predominate 
• The procedure is not monocompatible. 

2. XY TECHNIQUE (intensity or coincidence stereophony)  
• No capsule distance (capsules on top of each other or side by side) 
• Opening angle 90 - 110 degrees 
• Volume differences predominate 
• The procedure is monocompatible. 

3. ORTF TECHNIQUE (equivalence stereophony) 
• Capsule distance: 17cm 
• Opening angle: 110 degrees 
• Axis angle: 96 degrees 
• Volume differences and transit-time differences are taken into account equally. 
• The procedure is conditionally monocompatible. 

2.3. MONOCOMPATIBILITY 

Monocompatibility refers to the phase coherence (phase concordance) of two or 
more channels (stereo), which becomes effective when they are played back over 
one channel only (mono). 

If there is no mono-compatibility, comb filter effects will be noticeable when played 
back together over only one channel, complete phase opposition may occur in certain 
frequency ranges and entire instrument groups may „disappear“ completely (strong 
damping). 

Monocompatibility is particularly important for radio and television broadcasting and 
for live sound amplification.  
As comb filter effects clearly sound disruptive or unnatural only from a frequency of 
1kHz upwards due to the average ear distance of approx. 17 cm, ORTF technology is 
referred to as conditional monocompatibility. 
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3. PROTOOLS – 

 TOOLS

3.1. - 3.2. KEYBOARD SHORTCUTS

To work quickly and effectively, you should learn the keyboard shortcuts for highly 
specialised programs like Pro Tools.

http://www.protoolskeyboardshortcuts.com/pro-tools-12-keyboardshortcuts/ 
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1. ZOOMER TOOL
Normal zoom mode: Click or drag with 
the zoom to increase the display of a 
track or ruler horizontally. 
Simple zoom mode: 
In simple zoom mode, the previously  
selected tool is automatically active 
again after zooming. 

2. TRIMMER TOOL
You can easily shorten or extend a clip 
with the trimmer tool (up to the entire 
length of the recorded audio file). 
Pro Tools automatically adds a new clip 
to the clip list when it has been trimmed 
for the first time. 
The standard trimmer is a non-destruc-
tive tool that does not alter the original 
audio or MIDI data. 

The trimming process is influenced by 
the respective edit mode: 
shuffle, slip, spot or grid
The standard trimmer can also be used 
to shorten and lengthen MIDI notes, as 
well as to scale up and down automa-
tion and controller data. 

The trimmer has three editing modes: 
standard trimmer, scrub trim-
mer and time trimmer

3. SELECTOR TOOL
With the selector, you can select clips or 
define the locator positions in the edit 
window. 

4. GRABBER TOOL  
Time grabber: 
The grabber is used to select or move 
clips, MIDI and conductor events. The 
grabber can also be used to edit and  
insert automation breakpoints. 
Other grabber tools:  
The separation grabber divides selected 
areas into new clips. The object grabber 
lets you select non-adjacent clips, even if 
they are on different tracks.

5. SCRUBBER TOOL
With the scrubber (right for forwards, 
left for backwards), you can listen to 
certain positions. The resolution of the 
scrubber is determined by the zoom 
level. The length and speed of the area 
played back correspond to the mouse 
movements. 

6. PENCIL TOOL
The pencil allows you to insert MIDI 
notes, edit velocity values for a range of 
MIDI notes, draw automation and con-
troller events and enhance audio wa-
veforms (when the zoom level is set to 
sample level). 

7. SMART TOOL
With the smart tool, you can use the se-
lector, grabber and trimmer and create 
fades without having to change the tool. 
The smart tool automatically switches to 
the required tool depending on where 
the cursor is in relation to a clip or a note.

3.3. TOOLS
 

3.4. MODI

1. SHUFFLE
The shuffle mode restricts the posi-
tioning of clips so that they can be  
seamlessly aligned with each other. 

2. SPOT 
The spot dialogue should be opened 
when clips and notes are moved or trim-
med. 

You can specify the beginning, end 
or length of the event precisely in this  
dialogue. 

In spot mode, a clip can also be set to 
the original position of the clip during 
recording using the timestamp stored in 
the track. 

3. SLIP 
In slip mode, clips and notes can be  
moved and trimmed freely as desired.

The clips can be positioned with a gap 
or overlapped. 

4. GRID
Grid mode binds all edited and selected 
operations to the current grid value. 

3.5. ZOOM BUTTONS

5. ZOOM-BUTTONS

1.  Vertical zoom in/zoom out (audio)  

2.  Vertical zoom in/out (MIDI) 

3.  Horizontal enlargement/reduction 
 of all tracks 
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FURTHER QUESTIONS 
 
What are different directional characteristics used for? 

How is the proximity effect achieved with 
pressure gradient receivers? 

FURTHER READING 

ONLINE: 

www.sengpielaudio.com 
www.wikipedia.org 

http://akmedia.digidesign.com/support/docs/ 
Pro_Tools_12_1_ Reference_Guide_86169.pdf 


