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1. PURPOSE. T h i s A d v i s o r y C i r c u l a r s e t s f o r t h gu idance m a t e r i a l which may be 
used to de termine the adequacy of barometers used i n the c a l i b r a t i o n of 
a i r c r a f t s t a t i c i n s t r u m e n t s ^ I t was a l s o prepared t o e x p l a i n ba romet r i c 
a c c u r a c y r e q u i r e m e n t s and to p r o v i d e g e n e r a l i n f o r m a t i o n p e r t a i n i n g to 
a l t i t u d e and a t m o s p h e r i c p r e s s u r e measurement. I t p r e s e n t s a d d i t i o n a l 
i n f o r m a t i o n c o n c e r n i n g the g e n e r a l o p e r a t i o n , c a l i b r a t i o n , and maintenance 
of s u c h b a r o m e t e r s . 

2 . BACKGROUND. The F e d e r a l A v i a t i o n Agency has long r e c o g n i z e d the d i r e c t 
r e l a t i o n t h a t e x i s t s between a l t i m e t e r a c c u r a c y and the e f f i c i e n c y w i t h 
wh ich the a v a i l a b l e a i r s p a c e can be u t i l i z e d , and the c o n t r i b u t i o n t h a t 
a c c u r a t e a l t i m e t r y makes w i t h r e s p e c t t o c o l l i s i o n avo idance and t e r r a i n 
c l e a r a n c e . To improve s a f e t y i n t h i s a r e a , the Agency r e c e n t l y adopted 
r u l e s p r e s c r i b i n g (among o t h e r t h i n g s ) p e r i o d i c t e s t s of a i r c r a f t a l t i m e t e r 
s y s t e m s . R e a l i z i n g t h a t s u c h t e s t i n g c a l l s f o r adequate barometer equ ip ­
ment, the Agency conducted a f i e l d s u r v e y a t r e p r e s e n t a t i v e a i r c r a f t 
r e p a i r and s e r v i c e f a c i l i t i e s t h a t u s e b a r o m e t r i c d e v i c e s . The survey 
showed t h a t some of the f a c i l i t i e s were d e f i c i e n t i n barometry . T h i s 
c i r c u l a r , p u b l i s h e d as a r e s u l t of the s u r v e y , i s not in tended to r e p l a c e 
m a n u f a c t u r e r s 1 maintenance and o v e r h a u l i n s t r u c t i o n s but to c o l l e c t some 
b a s i c i n f o r m a t i o n i n t o one p l a c e f o r p r e s e n t a t i o n t o the p u b l i c . Add i ­
t i o n a l i n f o r m a t i o n , more s p e c i f i c i n n a t u r e , i s c o n t a i n e d i n the books 

and pamphlets l i s t e d i n the a s s o c i a t e d p u b l i c a t i o n s e c t i o n . 

3. GENERAL. F o l l o w i n g i s a g e n e r a l d i s c u s s i o n of e a c h of the major a r e a s 
of barometry wh ich concern p e r s o n s u s i n g barometers i n a v i a t i o n . 

a . B a s i c R e f e r e n c e . The N a t i o n a l Bureau of S t a n d a r d s of the 
Department of Commerce p u b l i s h e d Monograph 8 e n t i t l e d "Mercury 
Barometers and Manometers." T h i s e x c e l l e n t p u b l i c a t i o n was 
prepared to f i l l the need of m a n u f a c t u r e r s and u s e r s of 
barometers f o r i n f o r m a t i o n wh ich was s c a t t e r e d through the 
l i t e r a t u r e a n d , i n some c a s e s , was u n p u b l i s h e d . The d e f i n i t i o n s 
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and te rmino logy used i n the monograph w i l l be used i n 
t h i s A d v i s o r y C i r c u l a r . Monograph 8 , "Mercury Barometers 
and Manometers , M d e s c r i b e s the v a r i e t y of d e s i g n e lements 
of t h e s e i n s t r u m e n t s wh ich a r e c r i t i c a l i n o b t a i n i n g 
p r e c i s i o n and a c c u r a c y . I t may be purchased from the 
S u p e r i n t e n d e n t of Documents, U n i t e d S t a t e s Government 
P r i n t i n g O f f i c e , Wash ington , D. C . 20402, f o r 60 c e n t s . 

The S tandard Atmosphere. The U. S . S tandard Atmosphere 
of 1962 i s r e c o g n i z e d by the FAA and I n t e r n a t i o n a l C i v i l 
A v i a t i o n O r g a n i z a t i o n members. P r i o r to 1964, the 
s t a n d a r d atmosphere a g a i n s t which a l l a l t i m e t e r s and 
barometers were c a l i b r a t e d was e s t a b l i s h e d i n ICAO 
Document Number 7488 or N a t i o n a l A e r o n a u t i c s and Space 
A d m i n i s t r a t i o n T e c h n i c a l Repor t Number 1235. Even now 
t h e s e t a b l e s a r e s a t i s f a c t o r y f o r use up t o 65 ,800 f e e t , 
wh ich i s above the c e r t i f i c a t e d l i m i t of c u r r e n t c i v i l i a n 
a i r c r a f t . The 1959 A i r R e s e a r c h and Command e x t e n s i o n 
of the S t a n d a r d Atmosphere and the 1962 S tandard Atmosphere 
d i f f e r ( p r e s s u r e v e r s u s f e e t ) above 65 ,000 f e e t . F a c i l ­
i t i e s wh ich m a i n t a i n and s e r v i c e m i l i t a r y i n s t r u m e n t s 
or b a r o m e t r i c equipment , whose range e x t e n d s above 
65 ,000 f e e t of a l t i t u d e , should make t h e m s e l v e s aware 
of the d i f f e r e n c e between the 1959 A i r R e s e a r c h and 
Development Command e x t e n s i o n o f the S tandard Atmosphere, 
p r e s e n t l y b e i n g used by the m i l i t a r y , and the " U . S . 
S tandard Atmosphere of 1962" wh ich was r e c e n t l y adopted 
by the Department of D e f e n s e . T h i s changeover to the 
1962 Atmosphere w i l l a f f e c t the h i g h a l t i t u d e c a l i b r a t i o n 
of a barometer i f i t s s c a l e i s marked i n f e e t of a l t i t u d e . 
The book " U . S . S tandard Atmosphere 1962" d i s c u s s e s the 
h i g h a l t i t u d e temperature d i f f e r e n c e s t h a t prompted the 
change and d e f i n e s the s t a n d a r d c o n d i t i o n s f o r p r e s s u r e 
measurement. 

S tandard B a r o m e t e r s . The r e f e r e n c e s t a n d a r d barometer 
i s one wh ich i s c a p a b l e of a c c u r a c i e s a t l e a s t e q u a l t o 
and p r e f e r a b l y s u p e r i o r t o the c a l i b r a t i n g b a r o m e t e r s . 
I n some c a s e s , i t may be used i n the f i n a l c a l i b r a t i o n 
of a l t i m e t e r s . 

( 1 ) A c c u r a c y . Most s e n s i t i v e a l t i m e t e r s used i n c i v i l 
a i r c r a f t a r e e i t h e r manufactured i n a c c o r d a n c e w i t h 
FAA T e c h n i c a l S tandard O r d e r s ( C l O a and C lOb) 
o r to m i l i t a r y s p e c i f i c a t i o n s which a l l o w i n d i c a t i o n 
t o l e r a n c e s of £ 20 f e e t o v e r the range -1000 to t<1000 
f e e t . H igher t o l e r a n c e s a r e a l lowed a s the a l t i t u d e 
i n c r e a s e s . The a c c u r a c y of the measur ing d e v i c e may 
approach t h a t s p e c i f i e d f o r the d e v i c e be ing measured 
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and f a c i l i t i e s c o n d u c t i n g t e s t s u s u a l l y a l l o w f o r t h i s 
u n c e r t a i n t y to a s s u r e compl iance w i t h the F e d e r a l A v i a t i o n 
Agency r e g u l a t i o n s and t o l e r a n c e s s p e c i f i e d by the manu­
f a c t u r e r . Barometers wh ich have an a c c u r a c y o r u n c e r t a i n t y 
of . 0 2 i n c h e s of mercury (Hg) w i l l r e s u l t i n e r r o r s of 
18 .6 f e e t a t s e a l e v e l a n d , t h e r e f o r e , a r e g e n e r a l l y un­
s u i t a b l e f o r c a l i b r a t i n g s e n s i t i v e a l t i m e t e r s . 

( 2 ) C a l i b r a t i o n . The barometer should be c a l i b r a t e d a g a i n s t a 
p r imary s t a n d a r d o r a t r a n s f e r s tandard of known a c c u r a c y 
whose c a l i b r a t i o n i s t r a c e a b l e t o the N a t i o n a l Bureau of 
S t a n d a r d s . The te rm, " c a l i b r a t i o n t r a c e a b l e to the 
N a t i o n a l Bureau of S t a n d a r d s , " means t h a t the barometer 
was c a l i b r a t e d to r e a d the U n i t e d S t a t e s 1 S tandard P r e s s u r e 
and t h a t i t i s so c o n s t r u c t e d and the s c a l e s so des igned 
t h a t an i n d i c a t e d number of i n c h e s of mercury on the 
r e p a i r f a c i l i t y ' s barometer i s the U n i t e d S t a t e s s tandard 
i n c h e s of mercury p r e s s u r e as e s t a b l i s h e d w i t h r e f e r e n c e 
t o the N a t i o n a l Bureau of S t a n d a r d s barometer . T h i s c a l i ­
b r a t i o n w i l l norma l ly be performed by the manufac ture r 
when the ins t rument i s b u i l t or o v e r h a u l e d , and should be 
on a c h a r t handy to the ins t rument t e c h n i c i a n . High 
q u a l i t y barometers have p r o v i s i o n s f o r c h e c k i n g the z e r o 
ad justment a n d , i f p r o p e r l y used and m a i n t a i n e d , need on ly 
be c a l i b r a t e d a t o v e r h a u l . Should the t e c h n i c i a n u s i n g 
the barometer not w i s h to check i t s z e r o a d j u s t m e n t , he 
can compare the l o c a l p r e s s u r e r e a d i n g a g a i n s t t h a t of a 
s i m i l a r barometer . T h i s c h e c k , i f p r o p e r l y a p p l i e d , i s 
s u f f i c i e n t to show up e r r o r s . The r e a d i n g s must be 
c o r r e c t e d f o r the d i f f e r e n c e i n ins t rument h e i g h t . 

( 3 ) L e v e l . The l e v e l of the barometer should be ma in ta ined 
w i t h i n one minute of a r c . Most u n i t s e a s i l y a c c o m p l i s h 
t h i s w i t h b u i l t - i n s p i r i t l e v e l s . 

( 4 ) The S c a l e . The i n s t r u m e n t s c a l e shou ld be marked so t h a t 
i t can be read to . 0 0 1 i n c h of mercury and shou ld i n d i c a t e 
from z e r o t o 800 mm o r z e r o t o 3 1 . 5 i n c h e s of mercury . 
R e g u l a r weather barometers w i t h s h o r t s c a l e s a r e not 
s a t i s f a c t o r y f o r a l t i m e t e r c a l i b r a t i o n , s i n c e they a r e 
on ly r e a d a b l e over a s m a l l band around s e a l e v e l p r e s s u r e . 
Some type of readout assembly should be used t o reduce 
p a r a l l a x e r r o r s and to make the s c a l e e a s i e r to r e a d . 

( 5 ) T e m p e r a t u r e . The ins t rument temperature shou ld be d e t e r ­
mined from a thermometer e i t h e r a f f i x e d to the ins t rument 
or i n the temperature c o n t r o l l e d barometer c a b i n e t . T h i s 
thermometer should be a c c u r a t e to . 5 ° c e n t i g r a d e or b e t t e r 
( r e f e r e n c e Monograph 8) o r i t s a c c u r a c y should be matched 
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t o the accuracy of the temperature compensating 
d e v i c e . The temperature of the instrument should 
be kept as constant as p r a c t i c a b l e . The barometer 
should be in s t a l l ed where the temperature i s con­
t r o l l e d within / 10°F. After any changes of tempera­
ture over 10° the barometer should be allowed to 
s t a b i l i z e fo r 5 hours before attempting t o use i t 
f o r a l t imeter c a l i b r a t i o n . Smaller temperature 
changes require p ropor t iona l ly l e ss time f o r the 
temperature of the var ious parts of the barometer 
t o s t a b i l i z e . Inadequate temperature con t ro l and 
c o r r e c t i o n i s one of the largest sources o f barometer 
e r ro r and the use o f a temperature c o n t r o l l e d en­
c losure should be cons idered . 

( 6 ) Correc t ion for Local Gravi ty . The l o c a l gravi ty 
value should be determined by one of the methods 
suggested or referenced in the National Bureau of 
Standards s Monograph 8, or by contact ing the re­
gional Coast and Geodetic Survey Of f i ce and obtaining 
the l a t e s t gravimetr ic value fo r the area in which 
the barometer i s l o c a t e d . The l o c a l g rav i ty value 
should be correc ted fo r e l eva t ion d i f f e r ences when 
necessary. 

( ? ) Tables . Tables used t o c o r r e c t barometer readings 
fo r gravi ty and/or temperature should be c l o s e to 
the instrument and used by the technician t o assure 
accurate pressure measurement. Any method of pre­
paring th i s table i s s a t i s f ac to ry i f i t s use resu l t s 
in the required accuracy. 

( 8 ) Automatic Correct ing Devices , I f automatic co r rec t ing 
dev ices are attached to the barometer, the temperature 
c o r r e c t o r should have sca les capable of being set to 
. 5 ° cent igrade and the c o r r e c t o r fo r l o c a l gravi ty 
should have sca les capable of being set to .15 cen t i ­
meter per second squared. These sca les should be 
pos i t ioned so that the technician can see them 
e a s i l y and thus assure that proper c o r r e c t i o n s are 
app l ied . Automatic co r rec t ing dev ices make the 
barometer much eas i e r to use and barometers so 
equipped g ive cons i s t en t l y bet ter r e su l t s s ince they 
reduce the computations required of the technic ian . 

(9 ) Capi l lary Depression. Capi l lary depression er rors 
and tube bore diameters are discussed in the NBS 
Monograph 8. I t s ta tes that to obtain an accuracy 
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of .004 i n c h of m e r c u r y , a tube w i t h a bore of not l e s s than 
o n e - h a l f i n c h i n d i a m e t e r should be u s e d . The c l e a n l i n e s s 
of the tube bore and the mercury a f f e c t the shape of the 
m e n i s c u s and the a c c u r a c y of the i n s t r u m e n t . 

( 1 0 ) The Vacuum. The use of a vacuum pump and McLeod gauge to 
measure the p r e s s u r e above the mercury i s the b e s t method of 
e s t a b l i s h i n g and c h e c k i n g the vacuum. P r e s s u r e s of 15 microns 
o r l e s s a r e s a t i s f a c t o r y . I n s t r u m e n t s equipped w i t h a mercury 
s e a l (one-way check v a l v e ) should have the vacuum checked 
f r e q u e n t l y and should not be s u b j e c t e d to h i g h s lew r a t e s . 
A h i g h s l e w r a t e or the r a p i d movement of mercury from the 
c i s t e r n i n t o the i n s t r u m e n t tube i n c r e a s e s the p o s s i b i l i t y of 
damage t o the ins t rument and l o s s of m e r c u r y . 

( 1 1 ) O p e r a t i n g and Maintenance I n s t r u c t i o n s . A handbook o r manual 
shou ld be prepared f o r e a c h barometer and shou ld be immediate ly 
a v a i l a b l e to the t e c h n i c i a n . T h i s manual i s norma l ly prepared 
by the m a n u f a c t u r e r . I t should c o n t a i n a t l e a s t : 

( a ) The a c c u r a c y and range of the i n s t r u m e n t . 

( b ) O p e r a t i n g i n s t r u c t i o n s c o v e r i n g e a c h o p e r a t i o n of 
the ins t rument and i t s a c c e s s o r i e s . 

( c ) A p e r i o d i c i n s p e c t i o n and maintenance guide which 
c l e a r l y e s t a b l i s h e s the d a i l y , w e e k l y , or monthly 
i n s p e c t i o n o r maintenance r e q u i r e m e n t s n e c e s s a r y to 
m a i n t a i n the ins t rument and a c c e s s o r i e s to t h e i r 
o r i g i n a l s t a n d a r d s . The f a c i l i t y shou ld keep those 
r e c o r d s of the i n s t r u m e n t m a i n t e n a n c e , i n s p e c t i o n and 
c a l i b r a t i o n n e c e s s a r y to support i t s e x i s t i n g a c c u r a c y . 

d . The Working S tandard Barometer . Shops which r e p a i r and c a l i b r a t e 
a l t i m e t e r s shou ld have a work ing s t a n d a r d barometer w i t h a r e p e a t -
a b l e a c c u r a c y a p p r o p r i a t e t o the type of a l t i m e t e r s to be worked 
o n . T h i s barometer may be the shop s t a n d a r d a s w e l l a s the working 
barometer . I n most s m a l l r e p a i r f a c i l i t i e s , i t w i l l be used to 
s e r v e both p u r p o s e s . S t r i c t adherence t o good maintenance p r a c t i c e s 
i s r e q u i r e d i n e i t h e r c a s e . The working barometer should be of 
h i g h q u a l i t y c a p a b l e of a wide range of performance and be r e l a ­
t i v e l y i n s e n s i t i v e to h a n d l i n g . 

P r e s s u r e measur ing d e v i c e s used i n the rough c a l i b r a t i o n of p i t o t / 
s t a t i c i n s t r u m e n t s may be e i t h e r mercury or a n e r o i d barometers w i t h 
w ider t o l e r a n c e s . However, the ins t rument used f o r f i n a l c a l i b r a ­
t i o n o f , f o r i n s t a n c e , n o n s e n s i t i v e a l t i m e t e r s or s e n s i t i v e a l ­
t i m e t e r s c e r t i f i c a t e d f o r u s e below 35 thousand f e e t , should have 
a r e p e a t a b l e a c c u r a c y of a t l e a s t . 0 1 i n c h . S e n s i t i v e a l t i m e t e r s , 
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a l t i t u d e h o l d d e v i c e s , a l t i m e t e r s used i n C a t e g o r y I I l a n d i n g 
systems ( R e f e r e n c e A d v i s o r y C i r c u l a r 1 2 0 - 1 5 , C r i t e r i a f o r 
Approval of Ca tegory I I L a n d i n g Weather Minima) o r servoed 
equipment a s s o c i a t e d w i t h a i r d a t a computers u s u a l l y r e q u i r e 
t e s t and c a l i b r a t i o n equipment w i t h r e p e a t a b l e a c c u r a c i e s of 
.005 i n c h Hg or b e t t e r . C a r e should be taken when s e l e c t i n g 
the working barometer t o a s s u r e t h a t i t s e r r o r s do not exceed 
the t o l e r a n c e of the equipment be ing t e s t e d * I t would be w e l l 
to a s s u r e t h a t the ins t rument used i n f i n a l c a l i b r a t i o n h a s an 
e r r o r no more than o n e - f o u r t h the t o l e r a n c e a l l o w e d f o r the 
ins t rument be ing t e s t e d . 

M e r c u r i a l b a r o m e t r i c equipment i s s e n s i t i v e to temperature 
c h a n g e s , a i r b o r n e i m p u r i t i e s , rough h a n d l i n g , and vacuum 
l o s s a n d , i n a d d i t i o n , the f i x e d c i s t e r n barometer a l s o has 
problems a s s o c i a t e d w i t h mercury l o s s . These p o s s i b l e 
s o u r c e s of e r r o r must be unders tood i n r e l a t i o n to the 
s p e c i f i c equipment be ing used by the r e p a i r f a c i l i t y and 
p o s i t i v e a c t i o n taken to e l i m i n a t e them or reduce t h e i r e f f e c t . 

Shop P r a c t i c e . Good shop p r a c t i c e should be adhered to r e ­
g a r d l e s s of the type of t e s t equipment be ing u s e d . C o n s i d ­
e r a t i o n shou ld be g i v e n t o the f o l l o w i n g : 

( 1 ) C l e a n d r y a i r or n i t r o g e n shou ld be used i n the t e s t 
equipment to p revent c o n t a m i n a t i o n by a i r b o r n e p o l l u t i n g 
agen ts such a s i n d u s t r i a l smoke and d u s t . I s o l a t i o n 
f i l t e r s should be c o n s i d e r e d . Minor f o u l i n g of the 
mercury or mercury d r o p l e t s a d h e r i n g to the tube w i l l 
make the barometer i n a c c u r a t e . 

( 2 ) The barometer system s h o u l d be used i n a c l e a n , 
v i b r a t i o n f r e e a r e a . 

( 3 ) C o r r e c t i o n should be made f o r s i g n i f i c a n t d i f f e r e n c e s i n 
h e i g h t between the barometer r e s e r v o i r and the vacuum 
chamber i n which t e s t s a r e c o n d u c t e d . 

( 4 ) A barometer l o c a t e d n e a r a r a d i a t o r or window w i l l 
e x h i b i t e x c e s s i v e temperature f l u c t u a t i o n s . 

( 5 ) I f two o r more barometers a r e p r e s e n t i n the shop , the 
use of compar ison graphs w i l l r e a d i l y show any d e t e r i ­
o r a t i o n of one of the i n s t r u m e n t s . 

( 6 ) V i r g i n , c l e a n , t r i p l e d i s t i l l e d mercury of ins t rument 
g r a d e , o r American C h e m i c a l S o c i e t y (ACS) reagent grade 
shou ld be used i n a l l manometers. Mercury i s t o x i c and 
c a r e shou ld be taken when h a n d l i n g i t . 
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( 7 ) FAA T e c h n i c a l Report No. R D - 6 4 - 1 1 9 , " P r e s s u r e Measurement 
f o r P r e s s u r e A l t i m e t r y , " August 1964, s u g g e s t s the f o l l o w i n g 
wh ich may be used t o the advantage of those f a c i l i t i e s not 
h a v i n g an e s t a b l i s h e d barometer maintenance program. The 
T e c h n i c a l Report c o n t a i n s d e t a i l e d maintenance i n s t r u c t i o n s . 
On ly the s c h e d u l e of t h i s r e p o r t i s reproduced below. 

Barometer I n s p e c t i o n Schedule 
Frequency 

Procedure D a i l y Weekly Monthly 

( a ) Compare shop a l t i m e t e r c a l i - X 
b r a t i n g barometers w i t h e a c h 
o t h e r (and w i t h shop s tandard 
barometer , i f u s e d ) . 

( b ) Check r e f e r e n c e vacuum of X 
c a l i b r a t i n g barometer . 

( c ) V i s u a l l y check p a c k i n g X 
g l a n d s and c i s t e r n s e a l s 
f o r l e a k s . 

( d ) Check e l e c t r o n i c s c a n n i n g X 
d e v i c e s . 

( e ) Make compar ison r e a d i n g w i t h X 
the shop s t a n d a r d barometer . t 

I n l i e u t h e r e o f , a compar ison 
can be made between shop 
barometers and to the n e a r e s t 
U. S . Weather Bureau (USWB) 
m e r c u r i a l barometer . 

( f ) T e s t c i s t e r n f o r l e a k s . X 

( g ) Check temperature and g r a v i t y *X 
compensat ing d e v i c e s ( o t h e r 
than those on barometers 
u s i n g l e a d s c r e w s f o r readout ) 
f o r a c c u r a c y . 

( h ) Check z e r o of readout d e v i c e on * * X / 

/ 

barometers u s i n g l e a d s c r e w . 

*Must a l s o be checked a f t e r o v e r h a u l . 

* *Must a l s o be checked a f t e r g l a s s w a r e 
h a s been washed and mercury changed . 

/ 

/ 
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ASSOCIATED PUBLICATIONS* The f o l l o w i n g p u b l i c a t i o n s a r e s u g ­
g e s t e d a s r e f e r e n c e s f o r t h o s e who d e s i r e more d e t a i l e d and 
comprehensive coverage of the v a r i o u s a s p e c t s of barometry . 

J . M. L o s and J . A. M o r r i s o n . A S e n s i t i v e D i f f e r e n t i a l 
Manometer. R e v . S c i . I n s t r . 22 :805 (1951 ) 

E . C . H a s s . C o r r e c t i n g Mechanism f o r Mercury Column Type 
Measur ing I n s t r u m e n t s , U . S . P a t e n t No. 2 , 5 4 2 , 6 7 1 ( F e b . 2 0 , 1951) 

J . B . L a w r e n c e . Mercury* I n s t r u m e n t s 25:310 (1952) 

H. J . Svec and D. S . G i b b s . R e c o r d i n g M e r c u r i a l Manometer f o r 
P r e s s u r e Range 0-760mm Hg. R e v . S c i . I n s t r . 24 :202 (1953) 

World M e t e o r o l o g i c a l O r g a n i z a t i o n , Commission f o r I n s t r u m e n t s 
and Methods of O b s e r v a t i o n . Abr idged f i n a l r e p o r t of the f i r s t 
s e s s i o n , T o r o n t o , 1953. WM0 No. 1 9 , RP 9 : 7 3 ; S e c r e t a r i a t of 
the WMO, Geneva , S w i t z e r l a n d (1953) 

World M e t e o r o l o g i c a l O r g a n i z a t i o n , F o u r t h S e s s i o n o f the E x e c u t i v e 
Committee, G e n e v a , 1953 . Abr idged r e p o r t w i t h r e s o l u t i o n s . WMO 
No. 20 , RC 5 :86 ; S e c r e t a r i a t of the WMO, G e n e v a , S w i t z e r l a n d 
(1953) 

K. E . B e t t , P . F . H a y e s , and D. M. N e w i t t . The C o n s t r u c t i o n , 
O p e r a t i o n , and Per formance of a P r i m a r y S tandard Mercury Column 
of the Measurement of High P r e s s u r e . P h i l . T r a n s . 247:59 (1954) 

J . R. Roebuck and H. W. I b s e r . P r e c i s i o n M u l t i p l e - M e r c u r y -
Column-Manometer. R e v . S c i . I n s t r . 25:46 (1954) 

N a t i o n a l P h y s i c a l L a b o r a t o r i e s , T e d d i n g t o n . Measurement of 
P r e s s u r e With the Mercury B a r o m e t e r . Notes on App. S c i . No. 9 
(1955) 

H. F . S t i m s o n . P r e c i s i o n R e s i s t a n c e Thermometry and F i x e d P o i n t s ; 
T e m p e r a t u r e , I t s Measurement and C o n t r o l , AM. I n s t . P h y s . 2 :141 
(1955) 

F . M. E r n s b e r g e r and H. W. P i t m a n . New A b s o l u t e Manometer f o r 
Vapor P r e s s u r e i n the Micron Range. R e v . S c i . I n s t r . 26:584 
(1955) 

M. R o s s and E . E . S u c k l i n g . Permanent Record From a Mercury 
Manometer. R e v . S c i . I n s t r . 27:409 (1956) 
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World M e t e o r o l o g i c a l O r g a n i z a t i o n T e c h n i c a l R e g u l a t i o n s . S e c r e t a r i a t 
of the WMO Geneva , S w i t z e r l a n d 1 . WMO No. 4 9 , BD 2 (1956) 

K. W. T . E l l i o t and D. C . W i l s o n . An O p t i c a l Probe f o r A c c u r a t e l y 
Measur ing D i s p l a c e m e n t s of a R e f l e c t i n g S u r f a c e . J . S c i . I n s t r . 
34:349 (1957) 

C . L . Gordon and E . W i c h e r s . P u r i f i c a t i o n of Mercury and I T S 
P h y s i c a l P r o p e r t i e s . Ann. N.Y. A c a d . S c i . 65:369 (1957) 

A. J . E b e r l e i n . L a b o r a t o r y P r e s s u r e Measurement Requi rements f o r 
E v a l u a t i n g A i r Da ta Computer. Aeronaut . E n g . R e v . 17:53 (1958) 

T e s t f o r S c h e d u l e s of the N a t i o n a l Bureau of S t a n d a r d s and 
M e c h a n i c s . R e p r i n t e d from F e d e r a l R e g i s t e r 23 , No. 188 (1958) 

WBAN. Manual of Barometry . P u b l i s h e d under s p o n s o r s h i p of U. S . 
Weather B u r e a u , Dept . of the A i r F o r c e , A i r Weather S e r v i c e and 
Dept . of the Navy, Naval Weather S e r v i c e D i v i s i o n . G o v ' t . 
P r i n t i n g O f f i c e . 

W. G . Brombacker , D. P . J o h n s o n , and J . L . C r o s s . Mercury Barometers 
and Manometers. NBS Monograph 8 . G o v ' t P r i n t i n g O f f i c e , 
Washington, D. C . (May 20 , 1960) 

N a t i o n a l A e r o n a u t i c s and Space A d m i n i s t r a t i o n . U. S . S tandard 
Atmosphere 1962. G o v ' t . P r i n t i n g O f f i c e , Washington, D. C . 

F e d e r a l A v i a t i o n Agency. P r e s s u r e Measurement f o r P r e s s u r e A l t i m e t r y , 
August 1964. TR P r o j e c t No. 320-205-02N. 

/George S . Moore 
D i r e c t o r 
F l i g h t S tandards S e r v i c e 
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P l i n i r A T . MINIMUM BAROMETRY FOR CALIBRATION AND TEST 
O U D J C b l . 0 F AxMOSPHERIC PRESSURE INSTRUMENTS 

PURPOSE. T h i s a d v i s o r y c i r c u l a r p r o v i d e s guidance m a t e r i a l which may be 
used to determine the adequacy of barometers used i n the c a l i b r a t i o n of 
a i r c r a f t s t a t i c i n s t r u m e n t s . I t e x p l a i n s b a r o m e t r i c a c c u r a c y r e q u i r e ­
ments and p r o v i d e s g e n e r a l i n f o r m a t i o n p e r t a i n i n g to a l t i t u d e and 
a tmospher ic p r e s s u r e measurement. A d d i t i o n a l i n f o r m a t i o n c o n c e r n i n g 
the g e n e r a l o p e r a t i o n , c a l i b r a t i o n , and maintenance of barometers i s 
p r e s e n t e d . 

2. CANCELLATION. AC 43-2 dated September 10, 1965 , is c a n c e l l e d . 

3 ' BACKGROUND. The F e d e r a l A v i a t i o n A d m i n i s t r a t i o n has long r e c o g n i z e d 
the d i r e c t r e l a t i o n tha t e x i s t s between a l t i m e t e r a c c u r a c y and the 
e f f i c i e n c y w i t h which the a v a i l a b l e a i r s p a c e can be u t i l i z e d . A c c u r a t e 
a l t i m e t r y c o n t r i b u t e s to c o l l i s i o n avo idance and t e r r a i n c l e a r a n c e . 
To improve s a f e t y i n t h i s a r e a , the agency adopted r u l e s p r e s c r i b i n g 
p e r i o d i c t e s t s of a i r c r a f t a l t i m e t e r s y s t e m s . F o l l o w i n g i s a g e n e r a l 
d i s c u s s i o n of each of the major a r e a s o f barometry which c o n c e r n persons 
u s i n g barometers i n a v i a t i o n . 

4. BASIC REFERENCE. The N a t i o n a l Bureau of S tandards of the Department of 
Commerce p u b l i s h e d Monograph 8 e n t i t l e d "Mercury Barometers and Manometers." 
T h i s e x c e l l e n t p u b l i c a t i o n was prepared to f i l l the need of manufac turers 
and u s e r s of barometers f o r i n f o r m a t i o n which was s c a t t e r e d through the 
l i t e r a t u r e a n d , i n some c a s e s , was u n p u b l i s h e d . The d e f i n i t i o n s and 
terminology used i n the monograph w i l l be used i n t h i s a d v i s o r y c i r c u l a r . 
Monograph 8 d e s c r i b e s the v a r i e t y of d e s i g n elements which a r e c r i t i c a l 
i n o b t a i n i n g p r e c i s i o n and a c c u r a c y from t h e s e i n s t r u m e n t s . I t may be 
p u r c h a s e d from the Super in tendent of Documents, Un i ted S t a t e s Government 
P r i n t i n g O f f i c e , Washington , D .C . 20402. 

5 . THE STANDARD ATMOSPHERE. P r i o r to 1964, the s t a n d a r d atmosphere a g a i n s t 
which a l l a l t i m e t e r s and barometers were c a l i b r a t e d was e s t a b l i s h e d i n 
I n t e r n a t i o n a l C i v i l A v i a t i o n O r g a n i z a t i o n Document Number 7488 o r 

FAA Form 1320-7 (2-7i> SUPERSEDES PREVIOUS EDITION Initiated by: AFS-350 
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National Aeronautics and Space Administration Technical Report No. 1235. 
These tables are sa t i s f ac to ry for use up to 65,800 feet which i s above 
the c e r t i f i c a t e d l imi t o f current c i v i l i a n a i r c r a f t . F a c i l i t i e s which 
maintain and service mi l i t a ry instruments or barometric equipment whose 
range extends above 65,000 feet should consult the appropriate charts 
for the a l t i t u d e s . The book, "U.S. Standard Atmosphere 1962" discusses 
the high a l t i tude temperature d i f ference and associa ted pressures and 
defines the standard condi t ions for pressure measurements. 

6. STANDARD BAROMETERS. A standard barometer i s one which i s capable of 
accuracy at least equal t o , and preferably superior t o , a ca l ib ra t ing 
barometer. In some cases , i t may be used in the f ina l c a l i b r a t i on of 
a l t imeters , 

a * Accuracy. Most sens i t ive al t imeters used in c i v i l a i r c ra f t are 
manufactured in accordance with FAA Technical Standard Orders ClOa 
and ClOb, or in accordance with mi l i t a ry s p e c i f i c a t i o n s which al low 
indica t ion tolerances o f +20 feet over the range -1000 to +1000 feet 
Higher tolerances are allowed as the a l t i tude increases . The 
accuracy o f the measuring device should exceed that spec i f i ed for th 
device being measured. F a c i l i t i e s conducting tes t s usually al low 
for this uncertainty to assure compliance with the Federal Aviat ion 
Regulations and tolerances spec i f i ed by the manufacturer. Barometer 
which have an accuracy or uncertainty o f .02 inches o f mercury (Hg) 
w i l l resul t in e r rors of 18.6 feet at sea l e v e l and, therefore , are 
general ly unsuitable for ca l ib ra t ing sens i t ive a l t imete rs . 

b . Ca l ibra t ion . The barometer should be ca l ib ra ted against a primary 
standard or a transfer standard o f known accuracy whose ca l i b r a t i on 
i s t raceable to the National Bureau of Standards. This ca l i b r a t i on 
w i l l normally be performed by the manufacturer when the instrument 
is bu i l t or overhauled, and should be on a chart handy to the 
instrument technic ian . High quali ty barometers provide for checking 
the zero adjustment and, I f properly used and maintained, need only 
be ca l ibra ted at overhaul . Should the technician using the baromete 
not wish to check i t s zero adjustment, he can compare the l o c a l 
pressure reading against that o f a s imilar barometer. This check, 
i f properly appl ied , i s su f f i c i en t to show up e r ro r s . The readings 
must be cor rec ted for the d i f ference in instrument he ight . 

C t 1-evel. The l eve l o f the barometer should be maintained within one 
minute or a r c . Most units e a s i l y accomplish this with b u i l t - i n 
s p i r i t l e v e l s . 

Page 2 Par 5 
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The Scale . The instrument scale should be marked so that I t c a n be 
read to .001-inch of mercury and should indicate from zero to 800 mm 
or zero to 31.5- inches o f mercury. Regular weather barometers with 
short sca les are not sa t i s fac to ry for al t imeter ca l ib ra t ion since 
they are only readable over a small band around sea l eve l pressure. 
A readout assembly should be used to reduce parallax errors and to 
make the sca le eas ier to read. 

e . Temperature. The instrument temperature should be determined from a 
thermometer e i ther a f f ixed to the instrument or in the temperature-
con t ro l l ed barometer cab ine t . The thermometer should be accurate 
to .5° centigrade ( .9 Fahrenheit) or bet ter (reference Monograph 8 ) , 
or i t s accuracy should be matched to the accuracy of the temperature-
compensating dev ice . The temperature of the instrument should be 
kept as constant as p r ac t i c ab l e . The barometer should be ins ta l led 
where the temperature i s con t ro l l ed within + 10°Fahrenheit. I f any 
changes o f temperature over + 10°F occur , the barometer should be 
allowed to s t a b i l i z e for f ive hours before attempting to use i t for 
al t imeter c a l i b r a t i o n . Inadequate temperature cont ro l and cor rec t ion 
cause barometer e r ro r . 

f. Correct ion for Local Gravity, The l o c a l gravity value should be 
determined by one o f the methods referenced in the NBS Monograph 8, 
or by contact ing the regional Coast and Geodetic Survey o f f i c e and 
obtaining the la tes t gravimetric value for the area in which the 
barometer i s l oca ted . The loca l gravi ty value should be corrected 
for e leva t ion d i f f e r ences . 

g. Tables . Tables used to cor rec t barometer readings for gravity and/or 
temperature should be c lo se to the instrument and used by the tech­
nic ian to assure accurate pressure measurement. Any method of 
preparing this table is s a t i s f ac to ry i f i t s use resul ts in required 
accuracy. 

h . Automatic Correcting Devices . I f automatic cor rec t ing devices are 
attached to the barometer, the temperature cor rec to r should have 
scales capable o f being set to .5°C ( . 9 ° F ) , and the l o c a l gravity 
co r rec to r should have scales capable o f being set to .15 centimeter 
per second squared. These scales should be posi t ioned so that the 
technician can see them eas i ly and thus assure that proper cor rec t ions 
are appl ied. Automatic cor rec t ing devices make barometers easier to 
use, and barometers so equipped give cons i s ten t ly bet ter resul ts 
since they reduce the computations required o f the technician. 

Par 6 Page 3 
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i . C a p i l l a r y D e p r e s s i o n . C a p i l l a r y d e p r e s s i o n e r r o r s and tube bore 
d iameters a r e d i s c u s s e d i n the NBS Monograph 8 . To o b t a i n an 
a c c u r a c y o f .004 i n c h o f m e r c u r y , a tube w i t h a bore of not l e s s 
than o n e - h a l f i n c h i n d iamete r s h o u l d be u s e d . The c l e a n l i n e s s o f 
the tube bore and the mercury a f f e c t t h e shape of the meniscus and 
the a c c u r a c y o f the i n s t r u m e n t . 

j . The Vacuum. The u s e of a vacuum pump and McLeod gauge to measure 
the p r e s s u r e above the mercury i s the b e s t method of e s t a b l i s h i n g 
and c h e c k i n g the vacuum. P r e s s u r e s of 15 m i c r o n s or l e s s a r e 
s a t i s f a c t o r y . I n s t r u m e n t s equipped w i t h a mercury s e a l (one-way 
check v a l v e ) s h o u l d have the vacuum checked f r e q u e n t l y and shou ld 
not be s u b j e c t e d to h i g h s l e w r a t e s . A h igh s l e w r a t e o r the r a p i d 
movement of mercury from the c i s t e r n i n t o the ins t rument tube 
i n c r e a s e s the p o s s i b i l i t y of damage to the i n s t r u m e n t and l o s s of 
mercury . 

k . Opera t ing and Maintenance I n s t r u c t i o n s . A handbook o r manual shou ld 
be prepared f o r each barometer and shou ld be immediate ly a v a i l a b l e to 
the t e c h n i c i a n . T h i s manual i s n o r m a l l y p r e p a r e d by the m a n u f a c t u r e r . 
I t shou ld c o n t a i n a t l e a s t : 

( 1 ) The a c c u r a c y and range o f the i n s t r u m e n t ; 

( 2 ) Opera t ing i n s t r u c t i o n s c o v e r i n g each o p e r a t i o n of the ins t rument 
and i t s a c c e s s o r i e s ; and 

( 3 ) A p e r i o d i c i n s p e c t i o n and maintenance gu ide which c l e a r l y 
e s t a b l i s h e s the d a i l y , w e e k l y , or monthly i n s p e c t i o n or 
maintenance requ i rements n e c e s s a r y to m a i n t a i n the ins t rument 
and a c c e s s o r i e s to t h e i r o r i g i n a l s t a n d a r d s . The f a c i l i t y 
shou ld keep t h o s e r e c o r d s of the ins t rument m a i n t e n a n c e , 
i n s p e c t i o n , and c a l i b r a t i o n n e c e s s a r y to suppor t i t s e x i s t i n g 
a c c u r a c y . 

7 . THE WORKING STANDARD BAROMETER. Shops which r e p a i r and c a l i b r a t e 
a l t i m e t e r s shou ld have a work ing s t a n d a r d barometer w i t h a r e p e a t a b l e 
a c c u r a c y a p p r o p r i a t e to the type of a l t i m e t e r s to be worked o n . T h i s 
barometer may be the shop s t a n d a r d as w e l l as the working barometer . 
I n most s m a l l r e p a i r f a c i l i t i e s , i t w i l l be used to s e r v e both p u r p o s e s . 
S t r i c t adherence to good maintenance p r a c t i c e s i s r e q u i r e d i n e i t h e r 
c a s e . The work ing barometer shou ld be of h i g h q u a l i t y , c a p a b l e of a wide 
range of p e r f o r m a n c e , and r e l a t i v e l y i n s e n s i t i v e to h a n d l i n g . 

a . P r e s s u r e measur ing d e v i c e s used i n the rough c a l i b r a t i o n o f p i t o t / 
s t a t i c i n s t r u m e n t s may be e i t h e r mercury o r a n e r o i d barometers w i t h 
w ider t o l e r a n c e s . However, the ins t rument used f o r f i n a l c a l i b r a t i o n 
o f n o n s e n s i t i v e a l t i m e t e r s or s e n s i t i v e a l t i m e t e r s c e r t i f i c a t e d f o r 
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use below 35 ,000 f e e t , shou ld have a r e p e a t a b l e a c c u r a c y of a t l e a s t 
, 0 1 - i n c h . S e n s i t i v e a l t i m e t e r s , a l t i t u d e ho ld d e v i c e s , a l t i m e t e r s 
used i n Category I I l a n d i n g s y s t e m s , or se rvoed equipment a s s o c i a t e d 
w i t h a i r d a t a compute rs , u s u a l l y r e q u i r e t e s t and c a l i b r a t i o n 
equipment w i t h r e p e a t a b l e a c c u r a c i e s of . 0 0 5 - i n c h Hg or b e t t e r . 

b . When s e l e c t i n g the work ing barometer , a s s u r e t h a t i t s e r r o r s do not 
exceed the t o l e r a n c e of the equipment b e i n g t e s t e d . I t would be 
w e l l to a s s u r e t h a t the ins t rument used i n f i n a l c a l i b r a t i o n has an 
e r r o r no more than o n e - f o u r t h the t o l e r a n c e a l l o w e d f o r the 
ins t rument b e i n g t e s t e d . 

c . M e r c u r i a l b a r o m e t r i c equipment i s s e n s i t i v e to temperature c h a n g e s , 
a i r b o r n e i m p u r i t i e s , rough h a n d l i n g , and vacuum l o s s . The f i x e d 
c i s t e r n barometer a l s o has problems a s s o c i a t e d w i t h mercury l o s s . 
These p o s s i b l e s o u r c e s of e r r o r must be understood i n r e l a t i o n to 
the s p e c i f i c equipment b e i n g used by the r e p a i r f a c i l i t y ; take 
p o s i t i v e a c t i o n to e l i m i n a t e them or reduce t h e i r e f f e c t . 

8 . BAROMETER INSPECTION SCHEDULE. FAA T e c h n i c a l Report No. RD-64 -119 , 
" P r e s s u r e Measurement fo r P r e s s u r e A l t i m e t r y , " August 1964, s u g g e s t s 
the f o l l o w i n g s c h e d u l e wh ich may be used to the advantage of those 
f a c i l i t i e s not h a v i n g an e s t a b l i s h e d barometer maintenance program. 
The T e c h n i c a l Repor t c o n t a i n s d e t a i l e d maintenance i n s t r u c t i o n s . 
Only the s c h e d u l e of the r e p o r t i s reproduced i n t h i s a d v i s o r y c i r c u l a r . 

FREQUENCY 
PROCEDURE D a l l y Weekly Monthly 

( a ) Compare shop a l t i m e t e r c a l i b r a t i n g X 
barometers w i t h each o ther (and w i t h 
shop s tandard barometer , i f u s e d ) . 

(b) Check r e f e r e n c e vacuum of c a l i b r a t i n g X 
barometer . 

(i:) V i s u a l l y check p a c k i n g g l a n d s and c i s t e r n X 
s e a l s for l e a k s . 

(d) Check e l e c t r o n i c s c a n n i n g d e v i c e s . X 

( c ) Make compar ison r e a d i n g w i t h the shop X 
s tandard barometer . I n l i e u t h e r e o f , 
a compar ison can be made between shop 
barometers and the n e a r e s t N a e i o n a l 
V/eathcr S e r v i c e m e r c u r i a l barometer . 

(1 ) T e s t c i s t e r n Cor l e a k s . X 

(g) Check temperature and g r a v i t y compen- X * 
s a t i n g d e v i c e s (o ther than those on 
barometers u s i n g l e a d screws for 
m a d u u t ) for a c c u r a c y . 

(I i) Check z e r o of readout d e v i c e on barometers X * * 
u s i n g l e a d s c r e w . 

•Must a l s o bv checked a f t e r o v e r h a u l . 
* *Huat a l n o be checked a f t e r g l a s s w a r e has been washed and mercury changed. 
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9. SHOP PRACTICE. Good shop p rac t i ce should be adhered to regardless o f 
the type of t es t equipment being used. Consideration should be given 
to the fo l lowing : 

a. Use c lean , dry a i r or ni t rogen in the tes t equipment to prevent 
contamination by airborne po l lu t ing agents such as indus t r ia l 
smoke and dust . I s o l a t i o n f i l t e r s should be cons idered . Minor 
foul ing of the mercury or mercury drople ts adhering to the tube 
w i l l make the barometer inaccura te . 

b . Use the barometer system in a c l ean , v ib ra t ion - f ree area. 

c . Make cor rec t ions for s i gn i f i c an t d i f fe rences in height between the 
barometer reservoi r and the vacuum chamber in which t e s t s are 
conducted. 

d. A barometer loca ted near a radia tor or window w i l l exh ib i t excess ive 
temperature f luc tua t ions . 

e . I f two or more barometers are present in the shop, use comparison 
graphs to readi ly show any de te r io ra t ion of one of the instruments. 

f. Use v i r g i n , c lean , t r i p l e - d i s t i l l e d mercury of instrument grade. 
or American Chemical Socie ty (ACS) reagent grade in a l l manometers. 
Mercury i s t o x i c - take care when handling i t . 
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