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SUMMARY


This documents derives the equations necessary and provides the Matlab code to compute 
basic performance metrics for small super pressure balloons.  Based on the knowledge of the 
gas used, the mass of the balloon material and payload, the fully inflated volume of the balloon, 
and the chosen free lift weight, an estimate of the balloon’s final float altitude and internal vs 
ambient pressure difference is computed.


CONTEXT


A super pressure balloon should not be confused with a high altitude balloon.  A hight altitude 
balloon is characterized by it’s constantly expanding volume as it rises - maintaining an internal 
vs. ambient pressure equilibrium until the balloon bursts, typically a few hours after launch.  A 
super pressure balloon by comparison is made with a non-stretch material like foil or mylar that 
once the gas expands to fill its volume, must be able to withstand a pressure difference at the 
balloon’s float altitude.  By carefully choosing the balloon’s volume, payload mass, and free lift 
weight, it is possible to settle at a float altitude where the internal pressure of the balloon 
doesn’t exceed its hoop stress limit.


LIMITATIONS


This document only provides an estimate of the performance metrics (float altitude and internal 
vs. ambient balloon pressure difference) based on the standard atmosphere.  Real life 
conditions will likely vary significantly from the standard STP reference values used in these 
calculations, but it should provide a good starting point.  Additional refinement could be 
empirically developed by measuring pressure and temperature while in flight. 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CONSTANTS


KNOWN VARIABLES


UNKNOWN VARIABLES


Gas Constant (2077 for Helium) J ⋅ Kg−1K−1RHe

Fully Inflated Balloon Volume

Free Lift Weight

Payload Mass

Balloon Material Mass

Kg

mp Kg

mf

Kg

m3

mb

Vballoon

Fully Inflated Balloon Altitude

Final Balloon Float Altitude

Density of the Air that Corresponds to the Balloon’s 
Altitude.  Reverse Lookup Altitude Based on STP 
Table.

Balloon’s Internal Pressure at Float Altitude

Pressure Difference Between Balloon’s Internal 
Pressure and Ambient Pressure

hi

Pf

Mass of Needed Gas (Helium) to Satisfy mf

m

m

Pa

Volume of  of Gas (Helium)mHe

mHe

m3

Kg ⋅ m−3

Pa

hf

Kg

Dair

ΔPf

VHe
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APPROACH


In order to understand how we compute the final float altitude, we need to understand the 3 
principal phases a super pressure balloon goes through after launch.


• PHASE 1: RISE STATE - During this phase the balloon is nowhere near fully inflated.  The 
volume of Helium in the balloon is substantially less than what the balloon can handle.  The 
internal pressure is the same as the ambient pressure.  Because we have chosen a free lift 
weight (  ), the buoyant force (  ) is greater than the force of gravity (  ) and the balloon 
will rise.


• PHASE 2: FULLY INFLATED STATE - During this phase the balloon has reached its fully inflated 
state.  The volume of Helium in the balloon is equivalent to what the balloon can handle.  
The internal pressure is the same as the ambient pressure.  However, the balloon will still 
continue to rise because  still exceeds .  As the balloon continues to rise,  decreases 

while the pressure of the balloon (  ) increases.


• PHASE 3: FLOAT ALTITUDE STATE - Eventually  and  cancel each other out, and the balloon 
reaches a steady state altitude that corresponds to a specific atmospheric density.  From 
this atmospheric density, the altitude can be computed from a standard atmosphere table.





Figure 1. Phases of a Super Pressure Balloon


mf Fb Fg

Fb Fg Fb

Pballoon

Fb Fg
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STEP 0. Pick Free lift weight   in Kg.


STEP 1. Compute Helium required to meet  (in terms of both Mass ( ) and Volume ( ).


 

Establish Equations,














	 Note, 


Compute answers,




















	 





mf

mf mHe VHe

ΔF = Fboyant − Fgravity = Fb − Fg

ΔF = mf ⋅ g

Fb = VHe ⋅ Dair ⋅ g

Fg = (mb + mp + mHe) ⋅ g

V = (m ⋅ R ⋅ T )/P

ΔF = mf ⋅ g = Fb − Fg

mf ⋅ g = [VHe ⋅ Dair ⋅ g] − [mb + mp + mHe] g

VHe → (mHe ⋅ R ⋅ T )/P

mf = [ mHe ⋅ RHe ⋅ T ⋅ Dair

P ] − mb − mp − mHe

mf + mb + mp = [ mHe ⋅ RHe ⋅ T ⋅ Dair

P ] − mHe

mf + mb + mp = mHe [ RHe ⋅ T ⋅ Dair

P
− 1]

mHe =
mf + mb + mp

[ RHe ⋅ T ⋅ Dair
P − 1]

VHe =
mHe ⋅ RHe + T

P
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STEP 2. Compute Fully Inflated Altitude


Establish Equations,











Compute answers,

























ΔF = Fboyant − Fgravity = Fb − Fg = mf ⋅ g

Fb = VHe ⋅ Dair ⋅ g

Fg = [mb + mp + mHe] ⋅ g

mf ⋅ g = [VHe ⋅ Dair ⋅ g] − [mb + mp + mHe] g

VHe → Vballoon

mf = [Vballoon ⋅ Dair] − [mb + mp + mHe]
mf + mb + mp + mHe = Vballoon ⋅ Dair

Dair =
mf + mb + mp + mHe

Vballoon

Pballoon = Pambient ∣Dair

hi ← STP ∣Dair
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STEP 3. Compute Float Altitude


Establish Equations,











Compute answers,


























ΔF = Fboyant − Fgravity = Fb − Fg = 0

Fb = VHe ⋅ Dair ⋅ g

Fg = [mb + mp + mHe] ⋅ g

Fb = Fg

[VHe ⋅ Dair ⋅ g] = [mb + mp + mHe] g

VHe → Vballoon

Vballoon ⋅ Dair = mb + mp + mHe

Dair =
mb + mp + mHe

Vballoon

Pf =
mHe ⋅ RHe ⋅ Tambient ∣Dair

Vballoon

ΔPf = Pf − P ∣Dair

hf ← STP ∣Dair
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MATLAB CODE


Two Matlab functions and one script is provided to help estimate the performance of a super 
pressure balloon.


• isa_search.m - a function that does a reverse lookup of Matlab’s Aerospace Toolbox 
standard atmosphere table to find the altitude that corresponds to a specific density.  If the 
Aerospace Toolbox is not available, manual lookup from an STP table is necessary. This 
function is transparent to the user and is called by b_calc.m


• b_calc.m - a function that computes key balloon performance metrics.  This function calls 
isa_search.m.  


• b_calc_demo.m - An example script that shows how to use the b_calc function.  Calling 
b_calc over a span of several payload sizes ranging from 5 grams to 100 grams, the figure 
below is computed.


	 b_calc(2077, 1.225, 101325, 288, 0.0024, 0.037, mass, 0.1); 

Figure 2. Example of 0.1  Helium Foil Balloon with Varying Payload Mass m3
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Matlab Code 1 - b_calc_demo.m
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Matlab Code 2 - b_calc.m  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%
 

%
 
 
 
-
-
-
-
 
E
X
A
M
P
L
E
 
-
-
-
-
 

%
 
 
 
[
h
_
i
,
 
h
_
f
,
 
p
_
f
,
 
d
e
l
t
a
_
p
_
f
]
 
=
 
b
_
c
a
l
c
(
2
0
7
7
,
 
1
.
2
2
5
,
 
1
0
1
3
2
5
,
 
2
8
8
,
 
0
.
0
0
2
4
,
 
0
.
0
3
7
,
 
0
.
0
1
5
,
 
0
.
1
)
;
 

%
 

%
 
 
 
-
-
-
-
 
U
S
E
R
 
I
N
P
U
T
S
 
-
-
-
-
 

%
 
 
 
R
_
g
a
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
G
a
s
 
C
o
n
s
t
a
n
t
 
i
n
 
J
/
(
K
g
*
K
)
 
(
2
0
7
7
 
f
o
r
 
H
e
l
i
u
m
,
 
4
1
2
4
 
f
o
r
 
H
y
d
r
o
g
e
n
)
 

%
 
 
 
D
_
l
a
u
n
c
h
_
s
i
t
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
A
t
m
o
s
p
h
e
r
i
c
 
D
e
n
s
i
t
y
 
a
t
 
l
a
u
n
c
h
 
s
i
t
e
 
i
n
 
K
g
/
m
^
3
 
(
1
.
2
2
5
 
f
o
r
 
S
S
L
)
 

%
 
 
 
P
_
l
a
u
n
c
h
_
s
i
t
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
A
t
m
o
s
p
h
e
r
i
c
 
P
r
e
s
s
u
r
e
 
a
t
 
l
a
u
n
c
h
 
s
i
t
e
 
i
n
 
P
a
 
(
1
0
1
3
2
5
 
f
o
r
 
S
S
L
)
 

%
 
 
 
T
_
l
a
u
n
c
h
_
s
i
t
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
A
t
m
o
s
p
h
e
r
i
c
 
T
e
m
p
e
r
a
t
u
r
e
 
a
t
 
l
a
u
n
c
h
 
s
i
t
e
 
i
n
 
K
e
l
v
i
n
 
(
2
8
8
 
f
o
r
 
S
S
L
)
 

%
 
 
 
m
_
f
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
D
e
s
i
r
e
d
 
F
r
e
e
 
l
i
f
t
 
w
e
i
g
h
t
 
(
K
g
)
 
(
0
.
0
0
2
4
 
K
g
 
i
n
 
e
x
a
m
p
l
e
)
 

%
 
 
 
m
_
b
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
M
a
s
s
 
o
f
 
b
a
l
l
o
o
n
 
m
a
t
e
r
i
a
l
 
(
K
g
)
 
(
0
.
0
3
7
 
K
g
 
i
n
 
e
x
a
m
p
l
e
)
 

%
 
 
 
m
_
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
M
a
s
s
 
o
f
 
P
a
y
l
o
a
d
 
(
K
g
)
 
(
0
.
0
1
5
 
K
g
 
i
n
 
e
x
a
m
p
l
e
)
 

%
 
 
 
v
_
b
a
l
l
o
o
n
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
F
u
l
l
y
 
i
n
f
l
a
t
e
d
 
b
a
l
l
o
o
n
 
v
o
l
u
m
e
 
(
m
^
3
)
 
(
0
.
1
 
m
^
3
 
i
n
 
e
x
a
m
p
l
e
)
 

%
 

%
 
 
 
-
-
-
-
 
O
U
T
P
U
T
S
 
-
-
-
-
 

%
 
 
 
h
_
i
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
F
u
l
l
y
 
i
n
f
l
a
t
e
d
 
b
a
l
l
o
o
n
 
a
l
t
i
t
u
d
e
 
(
m
e
t
e
r
s
)
 

%
 
 
 
h
_
f
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
F
i
n
a
l
 
b
a
l
l
o
o
n
 
f
l
o
a
t
 
a
l
t
i
t
u
d
e
 
(
m
e
t
e
r
s
)
 

%
 
 
 
p
_
f
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
B
a
l
l
o
o
n
'
s
 
i
n
t
e
r
n
a
l
 
P
r
e
s
s
u
r
e
 
a
t
 
f
l
o
a
t
i
n
g
 
a
l
t
i
t
u
d
e
 
(
P
a
)
 

%
 
 
 
d
e
l
t
a
_
p
_
f
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
P
r
e
s
s
u
r
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n
 
b
a
l
l
o
o
n
'
s
 
i
n
t
e
r
n
a
l
 
p
r
e
s
s
u
r
e
 
a
n
d
 
a
m
b
i
e
n
t
 
p
r
e
s
s
u
r
e
 
(
P
a
)
 

%
 

%
 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 

%
 
-
-
-
-
 
S
T
E
P
 
1
:
 
C
o
m
p
u
t
e
 
H
e
l
i
u
m
 
r
e
q
u
i
r
e
d
 
t
o
 
m
e
e
t
 
F
r
e
e
 
L
i
f
t
 
W
e
i
g
h
t
 
D
e
s
i
g
n
 
C
r
i
t
e
r
i
a
 
-
-
-
-
 

m
_
g
a
s
 
=
 
(
m
_
f
+
m
_
b
+
m
_
p
)
/
(
(
R
_
g
a
s
*
T
_
l
a
u
n
c
h
_
s
i
t
e
*
D
_
l
a
u
n
c
h
_
s
i
t
e
/
P
_
l
a
u
n
c
h
_
s
i
t
e
)
-
1
)
;
 

%
 
-
-
-
-
 
S
T
E
P
 
2
:
 
C
o
m
p
u
t
e
 
F
u
l
l
y
 
I
n
f
l
a
t
e
d
 
A
l
t
i
t
u
d
e
 
-
-
-
-
 

D
_
l
o
o
k
u
p
 
=
 
(
m
_
f
+
m
_
b
+
m
_
p
+
m
_
g
a
s
)
/
v
_
b
a
l
l
o
o
n
;
 

h
_
i
 
=
 
i
s
a
_
s
e
a
r
c
h
(
D
_
l
o
o
k
u
p
)
;
 

%
 
-
-
-
-
 
S
T
E
P
 
3
:
 
C
o
m
p
u
t
e
 
F
l
o
a
t
 
A
l
t
i
t
u
d
e
 
-
-
-
-
 

D
_
l
o
o
k
u
p
 
=
 
(
m
_
b
+
m
_
p
+
m
_
g
a
s
)
/
v
_
b
a
l
l
o
o
n
;
 

h
_
f
 
=
 
i
s
a
_
s
e
a
r
c
h
(
D
_
l
o
o
k
u
p
)
;
 

[
T
_
a
m
b
i
e
n
t
,
 
~
,
 
P
_
a
m
b
i
e
n
t
,
 
~
]
 
=
 
a
t
m
o
s
i
s
a
(
h
_
f
)
;
 

p
_
f
 
=
 
(
m
_
g
a
s
*
R
_
g
a
s
*
T
_
a
m
b
i
e
n
t
)
/
v
_
b
a
l
l
o
o
n
;
 

d
e
l
t
a
_
p
_
f
 
=
 
p
_
f
 
-
 
P
_
a
m
b
i
e
n
t
;
 

e
n
d
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f
u
n
c
t
i
o
n
 
[
a
l
t
]
 
=
 
i
s
a
_
s
e
a
r
c
h
(
r
h
o
_
t
a
r
g
e
t
)
 

%
 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 

%
 
 
 
F
U
N
C
T
I
O
N
 
D
E
S
C
R
I
P
T
I
O
N
:
 
R
e
v
e
r
s
e
 
l
o
o
k
u
p
 
o
f
 
a
l
t
i
t
u
d
e
 
f
r
o
m
 
d
e
n
s
i
t
y
 
i
n
 
t
h
e
 
S
t
a
n
d
a
r
d
 
A
t
m
o
s
p
h
e
r
e
 
T
a
b
l
e
 

%
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
a
t
l
a
b
'
s
 
I
S
A
 
T
a
b
l
e
 
i
s
 
o
n
l
y
 
g
o
o
d
 
u
p
 
t
o
 
2
0
,
0
0
0
 
m
e
t
e
r
s
.
 

%
 

%
 
 
 
-
-
-
-
 
E
X
A
M
P
L
E
 
-
-
-
-
 

%
 
 
 
[
a
l
t
]
 
=
 
i
s
a
_
s
e
a
r
c
h
(
1
.
0
)
;
 

%
 

%
 
 
 
-
-
-
-
 
U
S
E
R
 
I
N
P
U
T
S
 
-
-
-
-
 

%
 
 
 
r
h
o
_
t
a
r
g
e
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
F
u
l
l
y
 
i
n
f
l
a
t
e
d
 
b
a
l
l
o
o
n
 
v
o
l
u
m
e
 
(
K
g
/
m
^
3
)
 

%
 

%
 
 
 
-
-
-
-
 
O
U
T
P
U
T
S
 
-
-
-
-
 

%
 
 
 
a
l
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%
 
A
l
t
i
t
u
d
e
 
t
h
a
t
 
c
o
r
r
e
s
p
o
n
d
s
 
t
o
 
a
n
 
a
t
m
o
s
p
h
e
r
i
c
 
d
e
n
s
i
t
y
 
o
f
 
r
h
o
_
t
a
r
g
e
t
 
(
m
e
t
e
r
s
)
 

%
 

%
 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 

a
l
t
 
=
 
0
;
 
 
 
 
%
 
i
n
i
t
i
a
l
i
z
e
 
r
e
t
u
r
n
 
v
a
r
i
a
b
l
e
 
a
l
t
 

%
 
C
h
e
c
k
 
i
f
 
A
e
r
o
s
p
a
c
e
 
T
o
o
l
b
o
x
 
I
n
s
t
a
l
l
e
d
 
-
 
w
h
i
c
h
 
i
n
c
l
u
d
e
s
 
t
h
e
 
a
t
m
o
s
i
s
a
(
)
 
f
u
n
c
t
i
o
n
.
 

i
f
 
(
l
i
c
e
n
s
e
(
'
t
e
s
t
'
,
'
a
e
r
o
s
p
a
c
e
_
t
o
o
l
b
o
x
'
)
 
=
=
 
0
)
 

 
 
 
 
d
i
s
p
(
'
Y
o
u
 
d
o
 
n
o
t
 
h
a
v
e
 
t
h
e
 
A
e
r
o
s
p
a
c
e
 
T
o
o
l
b
o
x
 
I
n
s
t
a
l
l
e
d
'
)
;
 

 
 
 
 
d
i
s
p
(
'
Y
o
u
 
c
a
n
 
s
t
i
l
l
 
u
s
e
 
t
h
e
 
S
t
a
n
d
a
r
d
 
A
t
m
o
s
p
h
e
r
e
 
T
a
b
l
e
 
b
y
 
H
a
n
d
'
)
;
 

 
 
 
 
d
i
s
p
(
[
'
L
o
o
k
 
u
p
 
t
h
e
 
r
o
w
 
t
h
a
t
 
c
o
r
r
e
s
p
o
n
d
s
 
t
o
 
a
 
d
e
n
s
i
t
y
 
o
f
:
 
'
,
 
n
u
m
2
s
t
r
(
r
h
o
_
t
a
r
g
e
t
)
,
 
'
 
K
g
/
m
^
3
'
]
)
;
 

 
 
 
 
d
i
s
p
(
'
t
o
 
f
i
n
d
 
t
h
e
 
c
o
r
r
e
s
p
o
n
d
i
n
g
 
a
l
t
i
t
u
d
e
,
 
a
m
b
i
e
n
t
 
p
r
e
s
s
u
r
e
 
a
n
d
 
t
e
m
p
e
r
a
t
u
r
e
.
'
)
;
 

 
 
 
 
r
e
t
u
r
n
;
 

e
n
d
 

%
 
S
p
e
c
i
a
l
 
C
a
s
e
 
-
 
A
l
t
 
<
=
 
0
 
m
e
t
e
r
s
 
-
 
A
s
s
u
m
e
 
w
e
 
a
r
e
 
S
S
L
 
o
r
 
a
b
o
v
e
 

i
f
 
(
r
h
o
_
t
a
r
g
e
t
 
>
 
1
.
2
2
5
)
 

 
 
 
 
r
h
o
_
t
a
r
g
e
t
 
=
 
1
.
2
2
5
;
 

 
 
 
 
a
l
t
 
=
 
0
;
 

 
 
 
 
r
e
t
u
r
n
;
 

e
n
d
 

%
 
S
p
e
c
i
a
l
 
C
a
s
e
 
-
 
A
l
t
 
>
=
 
2
0
,
0
0
0
 
m
e
t
e
r
s
 

i
f
 
(
r
h
o
_
t
a
r
g
e
t
 
<
=
 
0
.
0
8
8
0
)
 
%
 
S
p
e
c
i
a
l
 
c
a
s
e
 

 
 
 
 
d
i
s
p
(
'
E
R
R
O
R
:
 
A
t
m
o
s
p
h
e
r
i
c
 
D
e
n
s
i
t
y
 
<
 
0
.
0
8
8
0
 
K
g
/
m
^
3
'
)
;
 

 
 
 
 
d
i
s
p
(
'
M
a
t
l
a
b
 
a
t
m
o
s
i
s
a
(
)
 
f
u
n
c
t
i
o
n
 
d
o
e
s
 
n
o
t
 
s
u
p
p
o
r
t
 
l
o
o
k
u
p
 
a
b
o
v
e
 
2
0
,
0
0
0
 
m
e
t
e
r
s
'
)
;
 

 
 
 
 
d
i
s
p
(
'
M
a
t
l
a
b
 
R
2
0
2
3
a
 
a
l
l
o
w
s
 
f
o
r
 
e
x
t
e
n
d
e
d
 
t
a
b
l
e
 
u
p
 
t
o
 
8
4
,
8
5
2
 
m
e
t
e
r
s
 
u
s
i
n
g
 
a
t
m
o
s
i
s
a
(
r
h
o
_
t
a
r
g
e
t
,
e
x
t
e
n
d
e
d
=
t
r
u
e
)
'
)
;
 

 
 
 
 
d
i
s
p
(
'
Y
o
u
 
c
a
n
 
s
t
i
l
l
 
u
s
e
 
t
h
e
 
S
t
a
n
d
a
r
d
 
A
t
m
o
s
p
h
e
r
e
 
T
a
b
l
e
 
b
y
 
H
a
n
d
'
)
;
 

 
 
 
 
d
i
s
p
(
[
'
L
o
o
k
 
u
p
 
t
h
e
 
r
o
w
 
t
h
a
t
 
c
o
r
r
e
s
p
o
n
d
s
 
t
o
 
a
 
d
e
n
s
i
t
y
 
o
f
:
 
'
,
 
n
u
m
2
s
t
r
(
r
h
o
_
t
a
r
g
e
t
)
,
 
'
 
K
g
/
m
^
3
'
]
)
;
 

 
 
 
 
d
i
s
p
(
'
t
o
 
f
i
n
d
 
t
h
e
 
c
o
r
r
e
s
p
o
n
d
i
n
g
 
a
l
t
i
t
u
d
e
,
 
a
m
b
i
e
n
t
 
p
r
e
s
s
u
r
e
 
a
n
d
 
t
e
m
p
e
r
a
t
u
r
e
.
'
)
;
 

 
 
 
 
a
l
t
 
=
 
2
0
e
3
;
 

 
 
 
 
r
e
t
u
r
n
;
 

e
n
d
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%
 
I
n
i
t
i
a
l
i
z
e
 
S
e
a
r
c
h
 
V
a
r
i
a
b
l
e
s
 

a
l
t
 
=
 
1
0
e
3
;
 

d
e
l
t
a
_
a
l
t
 
=
 
1
0
e
3
;
 

[
~
,
~
,
~
,
r
h
o
]
 
=
 
a
t
m
o
s
i
s
a
(
a
l
t
)
;
 

w
h
i
l
e
 
(
(
a
b
s
(
r
h
o
-
r
h
o
_
t
a
r
g
e
t
)
 
>
 
0
.
0
0
0
1
)
)
 
 

 
 
 
 
%
 
U
p
d
a
t
e
 
r
h
o
 
b
a
s
e
d
 
o
n
 
a
l
t
 
g
u
e
s
s
 

 
 
 
 
[
~
,
~
,
~
,
r
h
o
]
 
=
 
a
t
m
o
s
i
s
a
(
a
l
t
)
;
 

 
 
 
 
 

 
 
 
 
%
 
i
f
 
n
o
t
 
c
l
o
s
e
 
e
n
o
u
g
h
 
g
u
e
s
s
 
n
e
w
 
a
l
t
i
t
u
d
e
 

 
 
 
 
d
e
l
t
a
_
a
l
t
 
=
 
(
d
e
l
t
a
_
a
l
t
/
2
)
;
 

 
 
 
 
i
f
 
(
r
h
o
 
<
=
 
r
h
o
_
t
a
r
g
e
t
)
 
%
 
g
o
 
d
o
w
n
 
i
n
 
a
l
t
i
t
u
d
e
 

 
 
 
 
 
 
 
 
a
l
t
 
=
 
a
l
t
 
-
 
d
e
l
t
a
_
a
l
t
;
 

 
 
 
 
e
l
s
e
i
f
 
(
r
h
o
 
>
 
r
h
o
_
t
a
r
g
e
t
)
 
%
 
g
o
 
u
p
 
i
n
 
a
l
t
i
t
u
d
e
 

 
 
 
 
 
 
 
 
a
l
t
 
=
 
a
l
t
 
+
 
d
e
l
t
a
_
a
l
t
;
 

 
 
 
 
e
n
d
 

e
n
d
 

e
n
d


