








Figure 35: Lacquer disc with plasticizer exudation and delamination

  Format Characteristics and Preservation Problems Page 61

Th
e 

Fi
el

d
 A

u
d

io
 C

o
lle

ct
io

n
 E

va
lu

at
io

n
 T

o
o

l  
 F

A
C

ET



Figure 36: Lacquer disc delamination
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Figure 37: Severely delaminated lacquer disc that is unplayable
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7  Wire Recordings

	 65 Information on wire recorders in this section comes from David Morton, “Armour Research Founda-
tion and the Wire Recorder: How Academic Entrepreneurs Fail,” Technology and Culture 39, no. 2 (April 1998): 
213-244, and Gretchen King, “Magnetic Wire Recordings: A Manual Including Historical Background, Approaches 
to Transfer and Storage, and Solutions to Common Problems,” http://depts.washington.edu/ethmusic/wire1.html.
	 66 Much of the information in this section is from the Video Interchange website, http://www.videointerchange.com/  	
	 67 For example, early Pierce wires were recorded at 36 in/s, Armour wires at 30 or 60 in/s, and the Brush 
Navy Wire Recorder operated at 54 to 60 in/s. This information is from Semi J. Begun, Magnetic Recording (New 
York: Rinehart, 1949), 137-140.
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7.1 Introduction
Around the turn of the 20th century Valdemar Poulsen invented the Telegraphone, 
a telephone recording device that used steel wire as a recording medium.65  In the 
1920s, several European companies attempted to market a wire recorder for dictation 
and telephone use while several American companies developed magnetic record-
ing devices. None were commercially successful. It was not until Marvin Camras at 
the Armour Research Foundation developed an improved version around 1939 that 
the format was put into practical use. Armour received a contract from the U.S. Navy 
and the wire recorder was primarily used by the military, especially for wartime news 
reporting by the Armed Forces Radio Service, until the end of World War II. Begin-
ning in 1945, Armour licensed the manufacture of its wire machines to over a dozen 
U.S. and European companies and by 1947 many Armour-based wire recorders be-
gan to appear in the commercial marketplace. They were marketed to businesses for 
dictation use, as telephone answering machines, and for conference recording. In 
the home, wire machines were used to record favorite radio shows or disc recordings 
and to record letters to soldiers stationed overseas.  The best selling brands in the U.S. 
were Webcor, made by Webster-Chicago, and Silvertone, sold by Sears. Sales of wire 
recorders were promising at first, then quickly declined. By the early 1950’s the for-
mat had been almost completely superseded by open reel tape and by the mid-1950s 
there were only a few wire format products on the market. Webcor machines were 
manufactured from 1945 to 1952, after which the company focused exclusively on 
open reel tape recorders. At the ATM, the earliest field collection on wire that can be 
definitively dated is from 1948. Several wire collections were recorded in 1951 and 
1952. At least one collection contains wires with recording dates in the late 1950s 
as well as several wires recorded in the early 1960s. One of these was apparently 
recorded in 1964. 
 
The wire format provided a recording medium with several advantages over earlier field 
disc formats. Potential recording time was much longer (up to 60 minutes), background 
disc noise (scratches and clicks) were absent, and the wire could be erased and re-used. 
The wire used for recording purposes is very thin—approximately 4 mils in diameter—
which is slightly larger than the diameter of a human hair.66  Until World War II this wire 
was typically made of steel and susceptible to rust. Later, wire was made of a type of 
stainless steel—which is a stable and durable material— that was manufactured specifi-
cally for recording. The wire is passed over a recording head and becomes magnetized, 
carrying the recorded signal. It is carried on a spool, the size of which was not standard-
ized at 2.75 inches (6.99 cm) in diameter and about 0.65 inches (1.65 cm) thick (mea-
sured from the outer edge of each flange or reel) until around 1946. Armour, early Pierce, 
and General Electric machines used larger spools that were often 3.75 inches (9.53 cm) 
in diameter and 1.25 inches (3.18 cm) thick. Each of the standard-size reels could hold 
up to 7200 feet of wire. Recording speed was 24 in/s (60.96 cm/s), which yielded up to 
an hour of recorded content. The older, larger reels—which are relatively rare—are not 
compatible with the later standard and do not fit on later machines. Also, many early 
wire recordings were recorded at speeds faster than the later 24 in/s standard.67  
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Stainless steel wires are stable and are not subject to the types of degradation that affect 
open reel tape.68  They are not actively deteriorating in most cases. In fact, one preservation 
engineer with wide experience transferring wire recordings reports that every example he 
has seen has been playable. The format is, however, long obsolete and prone to damage 
through tangling during playback. If the wire becomes tangled it can be nearly impos-
sible to untangle. Playback machines are not common but are available in archives and 
from preservation engineers and private collectors. Wire recorder electronics are relatively 
simple and these machines are, for the most part, not difficult for a technician to repair, al-
though familiarity with vacuum tubes may be required. FACET assigns a base score of 2.75 
points to wire recordings, which balances the format’s stability with its obsolescence.

Figure 38: Wire recordings
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	 68 Some of the information in this section and below comes from an April 2006 conversation with Art 
Shrifin, who has much experience with high-quality transfer of wire recordings.
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7.2 Format Characteristics

7.2.1 Pre World War II and Armour Brand

Overview
Wires recorded before World War II may be steel, but not stainless steel, and subject 
to corrosion. These early wires are also likely a non-standard size and/or speed. The 
primary manufacturer of pre-World War II wire recorders was Armour, which also li-
censed its technology to General Electric. Note that this category is for Armour brand 
wires, not wires from other manufacturers labeled as conforming to the Armour stan-
dard.

Identification
The standard size wire spool or reel is 2.75 inches (6.99 cm) in diameter and about 
0.65 inches (1.65 cm) or 5/8 inch thick, measured to the edge of the flange or reel. 
Anything larger falls into this greater risk category. Any wire labeled as manufactured 
by Armour, and possibly by General Electric, also belongs to this category.

Points and Risk
Because non-stainless steel wires are susceptible to rust or corrosion, and because 
non-standard size and playback speed wires are not compatible with standard ma-
chines, these items are at greater risk. FACET assigns 1.0 points for this characteristic 
of the format. 

7.3 Preservation Problems

7.3.1 Rust/Corrosion/Oxidation

Overview
Non-stainless steel wires are rare but, if found, may exhibit corrosion that makes play-
back more difficult. Even stainless steel wires may be subject to some oxidation.

Identification
Although this problem is reported, we have not been able to find anyone with actual 
experience with rusty or corroded wires. 

Points and Risk
FACET assigns 2.0 points for any evidence of rust, corrosion, or oxidation.
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8.1 Summary of Format Base Scores
Note that the format scores below are misleading if taken out of context. They must 	
be understood within the context of format characteristics and preservation problems. 
For example, polyester open reel tape appears to be very stable given its low base 
score. However, certain types of polyester tape that typically exhibit problems such as 
Sticky Shed Syndrome, will score near the top of the scale.

Summary of rationale—selected points from the discussions of each format above

     • DAT receives a high base score because of the near obsolescence of the 		
        format and reported widespread playback problems  
     • Paper based open reel tape appears to be relatively stable in our 
        experience and according to an article by Dr. John W.C. Van Bogart, 
        National Media Laboratory
     • Audio cassette receives a relatively lower base score despite its inclusion 		
        on the IASA priority list because the format appears to be relatively more 	      	
        stable than others in the practical experience of most archivists and engineers

     • Aluminum discs appear relatively stable, except for oxidation. There are 		
        mixed reports as to the seriousness of this problem, particularly whether it 		
        becomes worse over time
     • Wire recordings, most of which are made of stainless steel, are very stable 		
        chemically. They are not actively deteriorating. The format is obsolete 			 
        which places it at some risk, however, there are still machines and 		           	
        expertise available to transfer them, for the next decade at least 

     • Lacquer discs are the format most at risk due to their relative instability 		     	
        and the process by which they rapidly deteriorate chemically (plasticizer 		
        exudation leading to delamination)

PVC open reel tape 2.5

Polyester open reel tape 2.5

Paper open reel tape 2.75

Wire recordings 2.75

Audio cassette 2.75

Aluminum disc 3.0

Acetate open reel tape 3.0

DAT 4.0

Lacquer disc 4.25

Format                                            Base Score

8  Format Points and Comparisons 
[Review the preservation ranking scale in Appendix 1 before examining the scores below]
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8.2.1 Acetate Open Reel Tape
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8.2 Summary of Points by Format

Format base score 3.0

Age—add 0.005 points for each year of life 0.17–0.31

Long play (1 mil base) 0.5

Double play (0.5 mil base) 1.0

Triple play (0.5 mil base or thinner) 1.2

Unknown if double or triple play (0.5 mil base or thinner) 1.1

Off-brand 0.75

Tracks 0.006–1.0

Sound field—stereo 0.15

Noise reduction 0.5

Vinegar Syndrome 1.5

Fungus 1.5

Visible tape pack problems–minor 0.25

Visible tape pack problems–moderate 0.5

Visible tape pack problems–severe 0.75

Other serious documented problems (not any of above) 1.5

Characteristic/Problem                     	           		        	            Points added
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8.2.2 Polyester Open Reel Tape
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Characteristic/Problem                  				            Points added

Format base score 2.5

Age—add 0.005 points for each year of life 0.005–0.27

Long play (1 mil base) 0.5

Double play (0.5 mil base) 1.0

Triple play (0.5 mil base or thinner) 1.2

Unknown if double or triple play (0.5 mil base or thinner) 1.1

Off-brand 0.75

Tracks 0.006–1.0

Sound field—stereo 0.15

Noise reduction 0.5

SBS—SSS 2.0

SBS—UP 2.0

Fungus 1.5

Visible tape pack problems–minor 0.25

Visible tape pack problems–moderate 0.5

Visible tape pack problems–severe 0.75

Other serious documented problems (not any of above) 1.5
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8.2.3 PVC Open Reel Tape
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Format base score 2.5

Age—add 0.005 points for each year of life 0.005–0.27

Long play (1 mil base) 0.5

Double play (0.5 mil base) 1.0

Triple play (0.5 mil base or thinner) 1.2

Unknown if double or triple play (0.5 mil base or thinner) 1.1

Off-brand 0.75

Tracks 0.006–1.0

Sound field—stereo 0.15

Noise reduction 0.5

Fungus 1.5

Visible tape pack problems–minor 0.25

Visible tape pack problems–moderate 0.5

Visible tape pack problems–severe 0.75

Other serious documented problems (not any of above) 1.5

Characteristic/Problem                  				                 Points added

8.2.4 Paper Open Reel Tape

Characteristic/Problem          			    	              Points added

Format base score 2.75

Age—add 0.005 points for each year of life 0.005–0.27

Long play (1 mil base) 0.5

Off-brand 0.75

Tracks 0.006–1.0

Sound field—stereo 0.15

Fungus 1.5

Visible tape pack problems–minor 0.25

Visible tape pack problems–moderate 0.5

Visible tape pack problems–severe 0.75

Other serious documented problems (not any of above) 1.5
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8.2.5 Analog Audio Cassette Tape

Characteristic/Problem             			                              Points added
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Format base score 2.75

Age—add 0.005 points for each year of life 0.005–0.22

120/180 minute 0.75

Off-brand 0.75

Type II or Type IV 0.5

Type III 1.15

Dolby B 0.25

Dolby C, Dolby S, or dbx 0.5

Sound field—stereo 0.15

SBS—UP 2.0

Fungus 1.5

Other serious documented problems (not any of above) 1.5

8.2.6 Digital Audio Tape (DAT)

Characteristic/Problem     					                 Points added

Format base score 4.0

Age—add 0.005 points for each year of life 0.005–0.1

Age—1993 or earlier 0.5

Thin tape-over 60 meters 0.75

Long play format or other 32K sampling rate 0.5

Data-grade tape 0.5

Recorded on portable 0.25

Fungus 1.5

Other serious documented problems 1.5
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8.2.7 Aluminum Discs

Format base score 3.0

Oxidation or other surface deterioration 1.0

Characteristic/Problem                        	                                                        Points added

8.2.8 Lacquer Discs

Characteristic/Problem    	        			                             Points added

Format base score 4.25

Glass base 0.5

Plasticizer exudation (no delamination) 1.5

Delamination—with or without plasticizer exudation 2.0

8.2.9 Wire Recordings

Characteristic/Problem    	        	                                                         Points added

Format base score 2.75

Pre-WWII and/or Armour brand 1.0

Rust, oxidation or corrosion 2.0
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8.3 Score Comparisons Across Formats

For this or any prioritization tool to work, various preservation problem scenarios for the 
formats must “feel” right and must make sense when compared one against the other. 
That is, if you have a collection of tapes with one set of problems and another collection 
with a different set of problems, the total scores for each must match both the research 
and archival experience in terms of which is most at-risk and should be a higher priority. 
Constructing various scenarios helps to test the validity of the instrument. In FACET, ma-
jor preservation problems put collections in the 4+ range—moderate to severe risk. Ad-
ditional risk factors are then needed to bring them to the top of the scale—5—or over, in 
extreme cases. Lacquer disc deterioration, for example, is considered an extreme case.
Note that the scores below reflect an age score that was calculated in 2006. They are 
slightly higher using FACET today.
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8.3.1 Major Preservation Problems

8.3.2 Other Problems

1976 Cassette 2.900

1976 Polyester open reel, 1 mil 3.150

1976 Cassette, off-brand 3.650

1976 Cassette, 120 minute 3.650

1976 Polyester, double play (0.5 mil base) 3.650

1965 Acetate open reel, 1 mil 3.705

1976 Polyester, triple play (0.5 mil base) 3.850

1976 Polyester, 1 mil, off-brand 3.900

1965 Acetate with severe tape pack problems 3.955

1965 Polyester with fungus 4.205

1965 Acetate, 1 mil, off-brand 4.455

1965 Acetate with fungus 4.705

Description                                                         	                    Points

1990 DAT (format obsolescence, early DAT) 4.580

1975 Open reel, polyester, with SBS—UP 4.655

1975 Open reel, polyester with sticky shed 4.655

1965 Open reel, acetate with Vinegar Syndrome 4.705

1965 Open reel, acetate with fungus 4.705

1975 Cassette, analog, audio with SBS—UP 4.905

Lacquer with plasticizer exudation, no delamination 5.750

Lacquer with delamination (with or w/out plasticizer exudation) 6.250

Description                                                         	                      	               Points
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8.3.3 Scores over 5

Scores above 5 are reserved for the most serious of problems and the collections that 
are in extreme danger. 5 is the top of the scale—anything over 5 gives added weight to 
preservation condition/level of risk if you are combining FACET with a ranking of re-
search value that also has a 5 point scale. This may be appropriate for the most endan-
gered collections where postponing transfer, even if research value is not as high, may 
result in loss of content.

1985 Sticky shed tape, 1 mil 5.105

1995 DAT with serious documented problems 5.555

1985 Cassette with SBS—UP, 120 minute 5.605

Lacquer disc with plasticizer exudation 5.750

1951 Open reel, acetate, 1 mil, off-brand, Vinegar Syndrome 6.025

Lacquer disc with delamination 6.250

Lacquer disc, delamination, on a glass base 6.750

Description                                                          		                            Points
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Appendix 1: Preservation Ranking Scale

0.0—1.9 = Collection is in very good shape and there is little or no risk to its 
	        content at the present time.

This collection is relatively stable and safe and is considered to be at little risk. The re-
cordings in this collection are carried on formats that are considered relatively stable 
at the current time. None of them exhibit problems with deterioration and copies of 
collection originals have been made. There is at least one copy for every original. 

There are no compelling reasons relating to preservation condition to take preservation 
action with this collection. 
 
2.0—2.9 = Collection is in good shape but there is a small risk to its content at 
	        the present time.

This collection is relatively stable and safe but has some minor to moderate risk factors 
present.  Collections in this category may also be in somewhat poorer condition but 
have multiple, high-quality copies.

There are few compelling reasons to take preservation action with this collection. The 
collection must have multiple important outside factors present (such as potential or 
actual use or very high research value) to justify preservation action.

3.0—3.9 = Collection is in decent shape but its content is at some risk.

This collection is carried on formats that are known to be somewhat unstable. The 
recordings in this collection are not exhibiting signs of severe deterioration but may 
have some minor to moderate problems. They may also have the potential for severe 
problems that may or may not develop but are currently not manifest. 

This collection is at some risk and could be a candidate for preservation action de-
pending on other priorities as well as outside factors such as potential use or research 
value.

4.0—4.9 = Collection is in deteriorating or poor shape and/or is carried on a 
	        format that is nearly or completely obsolete.  Its content is at moderate 
	        to severe risk.

This collection is carried on formats known to be unstable and/or its recordings are 
known to be actively deteriorating. Collections may also be placed in this category if 
carried on a format with serious obsolescence issues. The recordings in this collection 
are exhibiting signs of moderate to severe deterioration or have other serious prob-
lems. 

This collection is at moderate to severe risk and is a solid candidate for preservation 
action. 

10   FACET Formats Appendices
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5+ = Collection is in very poor shape or is rapidly deteriorating, has extensive
         damage and/or significant deteriorative forces at work. Its content is at 
         serious risk and requires attention soon.

This collection is carried on formats known to be highly unstable and obsolete and/or 
its recordings are known to be in very poor shape or rapidly deteriorating. 

This collection is in serious trouble and is a prime candidate for preservation action. If 
the content of the collection is to survive with the highest quality possible, preservation 
action must be taken soon.

Here is another set of categories that might be used to interpret collection scores:

     

Safe Zone = 0—2.4

Caution Zone = 2.5—3.99

Danger Zone = 4 and up
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Appendix 2: Open Reel Tape Charts

Table 1: Open reel tape thickness, length, speed, and reel size for US tape stocks

Time (minutes) recorded one direction at:
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Reel Size
Length
(feet)

Tape Base
Thickness 0.9375 1.875 3.75 7.5 15 30

5” 600’ 1.5 mil 128 minutes 64 32 16 8 4

5” 900’ 1.0 mil 192 96 48 24 12 12

5” 1200’ 0.5 mil double 256 128 64 32 16 8

5” 1800’ 0.5 mil triple 384 192 96 48 24 12

7” 1200’ 1.5 mil 256 128 64 32 16 8

7” 1800’ 1.0 mil 384 192 96 48 24 12

7” 2400’ 0.5 mil double 512 256 128 64 32 16

7” 3600’ 0.5 mil triple 768 384 192 96 48 24

10.5” 2500’ 1.5 mil 532 266 133 66 33 16.5

10.5” 3600’ 1.0 mil 768 384 192 96 48 24

10.5” 4800’ 0.5 mil double 1024 512 256 128 66 33

10.5” 7200’ 0.5 mil triple 1536 768 384 192 96 48

Playback Speed (ips)
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Table 2: Open reel tape thickness, length, speed, and reel size for non-US tape stocks

 
Time (minutes) recorded one direction at:
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Reel Size
Length

(meters)
Tape Base
Thickness 2.38 4.76 9.525 19.05 38.1 76.2

13 cm 180 m 52 μm 128 minutes 64 32 16 8 4

13 cm 270 m 35 μm 192 96 48 24 12 6

13 cm 360 m 26 μm double 256 128 64 32 16 8

13 cm 540 m 18 μm triple 384 192 96 48 24 12

18 cm 360 m 52 μm 256 128 64 32 16 8

18 cm 540 m 35 μm 384 192 96 48 24 12

18 cm 720 m 26 μm double 512 256 128 64 32 16

18 cm 1080 m 18 μm triple 768 384 192 96 48 24

27 cm 750 m 52 μm 532 266 133 66 33 16.5

27 cm 1080 m 35 μm 768 384 192 96 48 24

27 cm 1440 m 26 μm double 1024 512 256 128 66 33

27 cm 2160 m 18 μm triple 1536 768 384 192 96 48

Playback Speed (cm/s)
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Appendix 3: Off-Brand Open Reel Tapes in the Collections 
                         at the Archives of Traditional Music

 

A/V Educator
Akai
American
Audio Magnetics
Brand five
Burgess
Command
Crescendo
DeJur
Emerald
Europa
Ferrodynamics
Full-Range
Galaxy
Gevasonor
Goldcrest 
Golden Tone
Hideli-tape
Hi-fi sound tape
Hitachi
Hi-tone
Irish
Knight
Lafayette
Magictape
Magneribbon
Magnetband
Magneton band
Mallory
Mastertape
Melody
Memorex
Mercury
Meritape

Meteor
National New Yorker Ozafon 
(Hungarian)
Norelco
Omron
Pageant
Panacoustic Permo-
Magnetic/Fidelito
Pentron
Philips
Plaza
Primus
Quality Tone
Radio Shack
Realistic
Ross
Sam Goody
Sarkes Tarzian
Schneider
Shamrock
Sharp
Silvertone
Soni-Tape (Tokyo Tsuchin 
Kogyo)
Soundmirror
Soundtape
Spiral Hi-Fi
Stenorette
Sunset
Synchrotape
Timpani
Tonemaster
Toshiba
Web-Cor 
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AC
AIWA
Akai
ALME
Arista
ATNT
Audio Magnetics 
Corporation 
Audiomaster
Audiopak
Audiovox
Audition
Baba
Bell & Howell
Bestron
Boots Audio
Capitol
Capitol 1 (Same as Capitol?)
Century
Century Sound 
(Same as Century?)
Certron
Combo
Concertape (Radio Shack)
Contek
Crystal
Dak Enterprises
Denon
Dindy Super
EDU-Cassette (BASF)
Emitape
Fujisan
GE
General
Gold
Golden
Goldstar

Hi-Fi
Hitachi
IMA
IMT
International Recotape 
Corporation (IRC)
Jaf
JVC
KDK
Lafayette
Lebotone
Loewe
Lucky
Magnet
Mallory
Mark
Maxwell (NOT Maxell)
Mei-Ya
Melodie 2000
Melody
Meltrack
Metro
MS 600
Music 2000
National Panasonic
Nivico
Norelco
Nulec
Okhai
Passport 
(Manufactured by 3M)
Pfatone
Pilipe (NOT Philips)
Pioneer
Planet
POP
Prinzsound

Profi Sound
Radio Shack
Realistic
Rezound
Ross
Sanyo
Seiko
Sentry
Shanghai
Sharp
SKC
Smat
Sonotech
Soundcraft
Superscope
Superphonic 
(Zayre Corporation)
Super-sound von Focitron
Supertape
TapeMaster
TEAC
TEAM
Tips
Tony
Toshiba
T-Series
TSIC
Union 3000
Unitape
Universal
Webcor 

Appendix 4: Off-Brand Cassettes in the Collections 
	               at the Archives of Traditional Music
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Appendix 5: Type III Cassette Brands
Below are typical Type III cassette brands with photographs to aid identification.69  
This list is probably not complete. As discussed in section 3.2.1, a Type III cassette 
has a Type I notch, even though it should be reproduced with the same equalization 
as a Type II tape. Therefore, most modern cassette players will reproduce Type III cas-
settes with incorrect equalization. 

	

  

     69 Some of these photographs are from http://www.melofanas.lt/1left/kol/kolekcija_sarasas.htm

Figure 39: AGFA Carat
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Figure 41: BASF Ferrochrom SM
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Figure 40: BASF Ferrochrom SM
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Figure 42: BASF Ferrochrom III hifi stereo SM

Figure 43: Scotch Classic Ferrichrome
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Figure 44: Scotch Master III

Figure 45: SONY DUAD 60
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Figure 47: SONY Ferrichrome 90

Figure 46: SONY FeCr 90
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Appendix 6: Relative Stability of Magnetic Tape Components

The table below is a general summary of the relative stability of magnetic tape compo-
nents. Question marks in the table itself indicate information that is either unknown to 
us or that we are not sure about.
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Format Base Stable? Pigments Stable? Binder Stable?

Open 
reel Polyester Yes Fe2O3 Yes

Acetate? (until 
early 1970s?) Yes

Open 
reel

Polyester Yes Fe2O3 Yes
Polyester ure-
thane (starting 
in early 1970s 

for many)

No

Open 
reel

Acetate No Fe2O3 Yes Acetate Yes

Open 
reel

Paper
Chemically 

stable.
Mechanically 

fragile

Fe2O3 Yes ? Yes

Open 
reel

PVC Yes Fe2O3 Yes PVC Yes

Cassette Polyester Yes Type I: Fe2O3 Yes Unknown Sometimes

Cassette Polyester Yes Type II: CrO2 Somewhat 
less

Unknown Sometimes

Cassette Polyester Yes
Type III: 

Fe2O3 and 
CrO2

No Unknown Unknown

Cassette Polyester Yes Type IV: 
Metal

Somewhat 
less

Unknown Sometimes

DAT Polyester Yes ? Yes Unknown Yes
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