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INTRODUCTION 

Aircraft altimeters' have been made availa- 

ble since the war through army surplus channels at reasona- 

ble prices. Some of these altimeters have been purchased 

for use in forest mapoing by the United States Forest Service 

and at least one private timber company. Field reports indi- 

cate that good results are being obtained. 

The purooses of this study were (1) to compare the 

accuracy of aircraft altimeters with aneroid barometers for 

rough mapping work and (2) to determine practical uses for 

aircraft altimeters in the field. 

ANEROID INSTRUMENTS IN MAPPINÍ WORK 

The aircraft altimeter is another instrument of aneroid 

principle. Thus it measures changes in air pressure by means 

of the multiplied movement of partially evacuated cells. 

Other types of aneroid instruments are such as the regu- 

lar mapping altimeter and the aneroid barometer. The more 

accurate instruments have more intricate systems of multi- 

plying the cell movement, with moving parts set in jeweled 

bearings. 

Mapping Altimeter. 

Quite a variety of regular mapping altimeters are manu- 

factured for use in vertical control work. They are gener- 

ally used only where higher degrees of accuracy are re- 

i. The word "sensitive" is used to distinguish the 
newer type altimeter used in modern aircraft from the older, 
less-sensitive type aircraft altimeter. 
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quired. The regular altimeter is larger and more intricate 

than the common aneroid barometer. Table I gives some corn- 

parative statistics on the instruments discussed in this 

paper. The aircraft altimeter and the aneroid barometers 

listed in Table I are the actual instruments used in this 

study. The information on the regular mapping altimeters is 

merely inserted for comparison and is not intended to be 

necessarily an average of the several types in use. 

Table I. Comparative Data (approximate) 

Instruments Used in 
-___________________ My Study _________ 

Mapping Altimeters Aneroid Barometers 
SensitivE. __________ _________ 
Aircraft 

_____ 

i 2 Altimetei A B 

Cost 295.00 450.00 35.00 80.00 50.00 
(dollars) (army) 

(surplus) 

Weight 2.5 8.0 1.3 0.6 0.5 
(pounds) 

. . I T . . 
Diameter 
of Face 
( inches) 

I T Smallest 
Gr adu at io n 

( feet) 

15000 3000 Range of No 10,000 
alibration 

(feet) 
Practici 

Limit 
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The principal advantage of the regular mapping altime- 

ter is the higher degree of accuracy obtained. The two- 

base method of altimetry permits construction of maps with 

contour intervals down to five feet. The one-base method 

employs use of only one control instrument for recording 

changes in pressure at one elevation, whereas the two-base 

method uses two control instruments, one at the highest point 

and one at the lowest point in the area being surveyed. 

One altimetry experiment covering an area of twenty 

square miles, which had been surveyed with spirit levels, 

gave the following results. 

Method Average Error(feet) Maximum Error(feet) 

l-Base 2.08 11.6 
2-Base 1.76 6.7 

For this kind of accuracy corrections have to be made for 

changes in pressure, temperature, humidity, and gravity. 

In the two-base method the correction is made by proportion 

between changes of the upper base and the lower base. This 

obviates the necessity of several smaller corrections, as 

are required with the one-base method. 0f course, for lower 

order work, these mapDing altimeters are too large and ex- 

pensive. 

Aneroid Barometer. 

Aneroid barometers vary from the size of an ordinary 

pocket watch on up. In this study I have used the common 

field size, about three inches across the face. Barometer A 

(Table I) is a more expensive and reliable instrument, 

although, only slightly larger than Barometer 3. 
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The aneroid barometers are extensively used for lower 

order work. They are desirable for exploratory and re- 

connaisance surveys where errors from ten to twenty-five feet 

are of no consequence. Even greater errors are often en- 

countered, and on some days the barometers are totally unre- 

i i. able. 

The aneroid barometer is much more simple in its con- 

struction than either the regular mapping altimeter or the 

aircraft altimeter. Most aneroid barometers are, however, 

compensated for changes in temperature within the metals of 

the mechanism, as are the more accurate types of aneroid 

instruments. It is difficult to read the smaller type aner- 

oid barometers much closer than ten feet. They are commonly 

graduated in both inches of mercury and feet of elevation. 

The advantages of the aneroid barometer lie in its 

simplicity, inexpensiveness, and ease of handling in brushy 

and rough country. The instrument is generally used without 

correction other than for changes in ressure. Of several 

methods for making this correction, two common ones are use 

of the camp barometer and tying into the starting elevation 

or some other known elevation. 

The principal disadvantage of the aneroid barometer is 

inaccuracy. Frequently the degree of accuracy varies con- 

siderably between similar instruments. This may be because 

of differences in past handling of the instruments. Çuite 

a few barometers receive rougher treatment than is desirable 

or necessary. 

Most references indicate that the aneroid barometer 
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should be read in a flat position. It is important that the 

instrument be always read in the same position. The aneroid 

barometer that I considered most accurate of the two in this 

study (Barometer A) registered eighty feet difference be- 

tween flat and suspended positions. Also, a gentle tap 

frequently resulted in a more accurate reading on the instru- 

ments used here. I found this to be true with the aircraft 

altimeter also, however, there was no difference in reading 

for horizontal and vertical positions of the altimeter. 

Another inherent error in common aneroid barometers is 

that they assume a constant ratio between inches of mercury 

and feet of elevation. Actually, a one inch change of 

mercury at sea level is equal to nine hundred feet of ele- 

vation, while a one inch change of mercury at ten-thousand 

feet is equal to thirteen hundred feet of elevation. The 

more accurate aneroid instruments take this relationship into 

account. However, this error is not important for rough work 

where the range in elevation from known point to unknown 

point is not great. 

General Precautions in Use of Pressure Measuring Instruments. 

Since aneroids are easily amaed, they should always 

and continually be checked 

the shop these instruments 

master instrument, such as 

being tested are placed in 

curial barometer or hooked 

subjected to chanes in pr 

for accuracy in the field. In 

are generally checked against a 

a mercurial barometer. Instruments 

an air-tiht chamber with a mer- 

up directly to an air pump and 

?ssure. 
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The aneroids should be handled so as to avoid blows or 

unecessarily rough usage. 

At times of irregular change in barometric oressure, 

the aneroid instruments will not give true readings. The 

user should be prepared to recognize these conditions. Under 

squall conditions the instruments may be completely unrelia- 

ble. 

The aneroid instruments are more applicable for ob- 

taming change in elevation between two successive points 

than for obtaining true elevation of a point. 

For very accurate work corrections have to be made for 

normal changes in air pressure and also for changes in 

temperature, humidity, and gravity because of their effect 

on air density. 

Some instruments show a large amount of lag, and more 

accurate readings are obtained by waiting a short while after 

stopping. This is especially true when working steep country. 

TH AIICj\FT ALTIMTER 

Purposes of Construction. 

Aircraft altimeters are required to give fairly accurate 

results in flying. The pilot is concerned with maintaining 

safe altitudes over rough terrain, holding assigned elevation 

on congested airways, taking advantage of favorable wind levels, 

and passing over or under icing levels. In order to get cor- 

rect readings on some of his other instruments and to get 

correct engine performance, the pilot needs to know his cor- 

rect elevation, Of course, not of least importance is the 
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need for sensitive and accurate indications of elevation for 

taking off and landing. 

Design of Aircraft Altimeters. 

The aircraft altimeter has a reliable linkage system 

and is designed to withstand a certain amount of vibration. 

The zero position of the altimeter is set at standard 

conditions of 29.92 inches of mercury and fifteen degrees 

Centigrade at sea level. The altimeter is calibrated to auto- 

matically correct for a temperature change of two degrees 

Centigrade per thousand feet of change in elevation. For 

accurate work the instruments are corrected for off-standard 

temperatures at the flight level. 

The elevation scale confirms to a standard, average 

pressure-altitude formula. Although the smallest divisions 

on the scale are twenty feet, the instrument can be easily 

read to five feet (see Figure 1). 

At flight speeds the aircraft altimeter shows a little 

lag, but for ground work there should be little noticeable 

lag, if the instrument is in good shape. The longer an instu- 

ment has been used, the more it will lag. 

Provision is made for the pilot to set changes in barome- 

tric pressure into the altimeter during flight, in order that, 

regardless of change in oressure, the altimeter will indicate 

accurate elevation above sea level. The pilot obtains by 

radio current tialtimeter settingst' along his route and sets 

them in the little pressure-indicating window by means of the 

knob on the front of the altimeter. The window-setting does 

not move unless the pilot adjusts it. It is merely a refer- 



Figure 1. Aircraft Sensitive Altimeter 

1. Elevation indicating hands, one for hundreds, 
one for thousands, one for ten thousands. 

13. Indices used for setting changes of barometric 
pressure into the altimeter when the changes 
extend beyond the limits of the barometric 
pressure window. 

C. Barometric pressure window for setting changes 
of pressure into the altimeter. 

D. Knob used for setting changes of pressure and 
for setting the elevation indicator hands to 
any desired elevation. 



ence level above which the altimeter measures elevation. 

When the sea-level pressure is 29.92 inches (standard), 

29.92 is set in the window. When the pressure at sea level 

lowers 0.10 inches from standard, 29.82 is set in the window. 

However, I see no practical use of this feature in the field 

- - unless we wish to burden the mappers with radios. 

FIELD APPLICATION OF AIRCRtFT ALTIM!TRS 

Conversion to Field Use. 

A leather case with a handy snap-button lid can be made 

to wear on the belt or hang on the shoulder. I found it more 

convenient to carry the altimeter on my belt. The instrument 

will fit into a case aporoximately 3* x 4 inches in size. 

The hole for admitting air pressure, in the back of the 

air tight case, needs proper attention. Usually there is a 

metal fitting screwed into the hole to orovide an attachment 

for an air pressure hose in the airplane. This fitting 

projects out from the case about one-half inch. Bronze wool 

or other suitable substance may be plugged into the fitting 

to keep out debris and yet admit air readily. Another possi- 

bility might be to fit a perforated cap (similar to a salt 

shaker lid) with some sort of a filter over the fitting. 

The altimeter should be mounted in the case in such a way as 

to not interfere with the free passage of air into the air 

hole. When the altimeter is ready for field use, it should 

be checked, both in and out of the case, to make sure there 

is no obstructing of air flow into the case. 
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Previous Field Reports. 

The Kosmos Timber Company of Kosmos, washington, as 

stated by Donald L. rant of that company in the Journal of 

Forestri for January, 1947, has been getting good results 

with the aircraft altimeter. They have been making reliable 

maps on a scale of one inch equals two hundred feet, with a 

contour interval of twenty feet. Mr. 3-rant stated that the 

aircraft altimeter was especially good in dense brush, where 

the use of an Abney is hindered by the necessity of taking 

short shots and brushing out lines of sight. 

Another field report from a Forest Service employee 

indicated that when the weather was stable the aircraft al- 

timeter was more accurate than the aneroid barometer, but 

when the weather was unstable the altimeter was just as er- 

ratic as the aneroid barometer. This reoort also stated that 

it was sometimes difficult to determine just when the weather 

was stable or otherwise until tie-ins could be made later in 

the day. 

Studies. 

My observations are based upon the use of three particu- 

lar aneroid instruments under one .iven set of weather con- 

ditioris. It cannot be assumed that these three instruments 

will give the saine results under other weather conditions or 

that another three instruments would have given the same re- 

suits on the same day. However, this study indicates what 

might happen under other circumstances. 

One procedure tried was the use of an aircraft altimeter 

in conjunction with a two-hundred foot chain for carrying 
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elevation and distance. In a two-man crew the head chain- 

man ran compass, recorded time, and recorded elevations from 

the aircraft altimeter and from one aneroid barometer, while 

the rear chainman recorded elevations from a second aneroid 

barometer. 

Station intervals were even two-hundred foot lengths of 

slope distance or some lesser even multiple of ten, where 

changes in slope necessitated. A small table of horizontal 

distances for different slope distances and elevation changes 

was carried, clipped to the tatum holder. Sloes varied from 

level to sixty-five per cent. The Douglas fir cover varied 

from open to very brushy. 

The strips run had been previously surveyed for correct 

distance and elevation by transit and soirit levels. Elevations 

recorded on strip were later corrected for changes in pressure. 

Changes in pressure were recorded by a barograph which was set 

up in our car located near the area. 

The following are results of the above procedure. 

Table II. Errors in Distance (feet) 

Aircraft Barometer Barometer 
Altimete_ AB 

lst : : 

Mile : -8 -6 : -i-4 

2nd : : 

Mile : -4 : -3 : +20 

Full : 
: : 

Mile : -12 -9 : +24 

There is not much I could observe from the above other 

than that barometer A seemed more accurate than barometer B. 
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In comparison to other aneroid barometers I have used in the 

past, barometer A did seem unusually accurate. Of course, 

it was araduated down to twenty-five feet, while barometer B 

was ßraduated only to fifty feet. 

Table III. Total Amount of Change in Elevation Per 
Instrument (feet) 

Aircraft Barometer Barometer 
Altimeter A B 

lst*: : 

Mile: 645 : 660 : 665 : 

2nÖ 
. . 

Mile; 545 550 : 635 

Full'. . I I 

Mile: 1190 1210 : 1300 

Here the altimeter shows the least change in elevation, 

barometer A next, and barometer B shows the greatest change 

in elevation. This situation checks with the distance results 

above. OEreater changes in recorded elevation for a given 

station result in shorter recorded horizontal distances, and 

this would change the error from one of being too short to an 

error of being too long. 

I account for this difference in total change of ele- 

vation by the fact that the barometers, especially barometer 

B, would lag behind the altimeter in registering small changes 

of elevation and then would catch up with the altimeter and 

tend to go beyond it. This situation was more noticeable 

where the slope changed from plus to minus or vice versa. 
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Table IV. Errors in Elevation (feet) 

Aircraft Barometer Barometer 
Altimeter A B 

ist *: -1 : +14 : +49 
Mile: : 

Full: +19 +29 : +64 
Mile: : 

3rd ii -6 : -21 : -36 : 

1t.I11. 
.' . 

. 

. 
. 

The results here are not very consistent but they do 

indicate that the aircraft altimeter was more accurate for 

carrying elevation than either of the aneroid barometers. 

As in the case of the distance errors, barometer B was least 

accurate. 

Another procedure tried was use of the aircraft altime- 

ter with per cent Abney for carrying elevation and distance 

in a one-man crew. I ran a hurried one-half mile check on 

this procedure in the twi1iht and ended eight feet high in 

elevation and fifty-nine feet short in distance. Of course, 

that isn't very good work, but I believe with a little 

practice a person could become quite accurate and fast. 

My method was to shoot the slope with the Abney as far 

ahead along my compass line as I could see, noting some defi- 

nite object. When I arrived at the object, I checked my 

H. I. estimation on the Abney shot, observed the change in 

elevation, and recorded the horizontal distance from a table 

of horizontal distances for ßiven values of per cent of slope 

and changes in elevation. 



14 

I found that it was better to pace gentle slopes, as 

well as the level stretches, because on such slopes even a 

small error in elevation caused a large error in distance. 

Summary of Findings. 

The aircraft altimeter was generally more accurate than 

common aneroid barometers for carrying elevation and for regis- 

tering small changes in elevation. 

The aircraft altimeter is sufficiently light, small, and 

rugged to permit its being carried under rough field conditions 

if reasonable care is exercised. 

The aircraft altimeter may (in stable weather) be used 

in place of the Abney in two-man parties, thereby speeding up 

work, especially through brushy country. 

The aircraft altimeter may give practical results when 

used in conjunction with the Abney hand level for one-man 

surveys. 
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