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The horizontal temperature and pressure gradient scale has
been designed to make possible accurate and rapici calculations of
the wvarious relationships between wind velocities and horizontal:
temperature and pressure gradients ‘in l'bh’e atmosphere, All the
veriables entering the equations are: explicitly taken -account of-
throughout their entire range of values , yet but one setting of the
glide of the scale is required for any one calculation, For those
relationships in which some of the .vz;r'_i,qples, such as the isobar or
isotherm interwval used, the densitj (las:given by.the temporature |
and pressure) or tho mean temperature, are constant or ncarly constant
for a large number of cases to bo considered, the slide need be set
but once for all the cases to which these constanfs apply. Convenient
’prg.ctical unlts are used throughout,_l with unit coéx’rersion scales

included wherever feasible,
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The balance of forces in a horizontal plane in ‘the atmosphere with no
exten:élly impressed forces,'my.-be?erpressed in terms of the equa'l_:ions:

1, Geostrophic Wind: fc¢ =% 2§

(The accleration due to the radius of curvature of the trajectoriss is
neglected) .

2, Cyclostropic Wind: 3 B 1ol

S @ ot e
(The Coriolis acceleration is neglected)
02' | lAP_
3, Gradlent Wind: fc + = ==£

(The + sign is to be taken with cyclonic curvature)
(The - sign is to be. taken with anticyclonic curvature)
where o ' ' o T eE e

= Wind velocity

(e

Coriolis parameter = 2. sin @,

it

Iatitude of the place ‘considered,

~1

il

angular velocity of the earth = 7.202 x 107 gec

.densit'y of the air considered,. and El; = % %

1}

X
$
n
G.

R/m =Gas constant for dry air = 2.870 x ].0‘5 .ergs per rgn per o,

T Temperature' of the ailr considered,

n

P = Pressure of the air considered,

R = Radius of curvature (of the trajectory) of the air considered,
a n = Spacing of the isobars, measured normal to the isobars,
o p = Isobar interval for which the map considered is drawn,

Introducing the hydrostatic relationship the following approximate
equations may be derived,

b, Therma) Gradienmt: £ 32 = Sel
dz Tan

-

2. Advective Temperature Change: f &8

- & 9%
dz CnT Jt
6. Advective Pressure Change: fAc = L 7{’_0:9.
where

T = Mean temperature of the column considered,
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'Mae.n demity cxf'"th& colmm,oonsidared
'A% = Tnterval used for the mean ke of the~colnmn.,considered

‘an = Horlzontel spacing of the isotherms,

g—% = Ad.vective rate of change of the mean ‘tempemture of 'bhe colm considered
%’% <2 gdreetive pabe of change of the weight of ‘the- column. considerad,
%

TR Shear of the wind veloci'by with height in the colmzm consid.ered

A c = Total change (determined. vectorially) of ‘the wind velocity from the bottom
; to the top of the column considered,

cn = Component of the wind veloclty normal to the shear vector

The scale has been constructed. as. followe:

"The upper graph expresses: the relationship between the variables (c, ¢,
and fc), dz’ ¢o.ndf-a_—- or (ac, § and fac). ' :

The horizontal lines are for volues of C,AC (1a,belled. at the left in wnite of
miles per hour) or dc/dz (lubelled at the left in units of tenths of md_es per hour
per thousand feet), ’\Te.i.ocity convorsion icales have been included with Beaufor‘t
force at the left and units of meters per second and degrees of latitude per 24
hours at the right, : , 2 . _ _

The yertical lines are for values of fc, fac (labelled at the top In units
of 1072 emfsec?) or £ dc/dz (labelled at-the top in units’of 1073 cm/sec? 1000 foet),

The gloping linos are for valuee of @, labelled in the center, In order to
cover the complete range of possible values the dashed sloping lines for ¢.haVe.
been entored for which the values of ¢ sAC, or dc/dz read fram the graph should be
multiplied by ten or the walues of fc, £ac, or £ dc/dz read from the graph should
be divided by ten,

The graph on the 'back ez'presses the rela.tionship betWeen the wariadbles c, R,
and 02 /R
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The horizomtal lines are for valugs of ‘c; labelled-at the: left in unitse of '
miles per hour, with cenversion. eeelee_.t_c units o:f,_.mete_rs p_er. s'econd.;a.hd. Beaufort
force on the left, ' B S

The ver‘bical lines are for values of 02/R labelled. at the bottom in unite of
107 cm/sec2; . S s i e B

The sloping 1ines are for values of R labelled at the top and the right in
units of degrees of latitude. Conversion scales to units of miles and kilometers
are included, In order to cover the complete range of values the d.eshed sloping
lines for R have been entered, for which the values of a ¢ ‘yead fram the gra,ph
should: be mzl’ciplied. by ten or ‘bhe values of c /R read from the g'aph should be .
divided by 100, . _

The lower graph éxi;{«ésses the .re'lé;tienship between T, p, and €,

The horizontal lines are for values of T labelled in Centigrade units at
the left, A.conversion scale to Fahrenheit units is at the rig}ﬁ;

7 The slo;ping 1ines are for values of p, labelled at the bottom in xmits of
-millivars, -‘ ke
' The vertical lines are for -values of (’ s lpbelied at the. bottom in units of
10'“gm/cm5 | |

4 The sloping line labelled "Index for T" reflects the vertice.l temperature
'sca_le into a horizontal temperature scale,

The top, scale of the elide 1s for values of A n in units of degrees of
latitude and is also for valuee of cn in units of 10 imiles per hour, The next
? two, scales on the slide are conversion scales of ./.3 n to units of miles. and kilo-
‘meters, The nexb to bottom scale of the slide is for values of ap in units of
.millibars and is algc for values of a T in Centigrade units, The ’bot“bom scale
of the slide is for values of ;—P- in'units of millibars per three hours and

'

is also for wvalues of —‘;—% in units of degrées Centigrade per throe hours,

" The upper and lower graphs a.nd the scales on the slide are so placed with
respect to each other that: - :



By vy _
When the value. ofﬁx P is placed opposite the- value of (f tha valne'otqmguruill
be opposite the value of fc, ¢ /R or fc + ¢ /R on the fc scale
Whex} ‘the value of 4 T ig placed opposite-the -intezfsection: (on the (@ scalé) of
the liné for tée véluéléf.T and the'indéx for T, the value pf”gy n will be opposite’
the value of f dc¢/dz. i, e |

i 2T
When the value of ¢ 1is placed opposite the value of f dc/dz, the value of & 7t
; n : - o %

WYy

will be opposite the intersection (on the C scale) of the line for the value fo T and
the index for T.. | .

When the value of - is placed opposité the valué.of f b»c, the value gfés?ég
will be opposite the value of CT.. : . 4 . .

~ All the scales are plotted for the logerithms of the values so ihe labelled éal#

ues way be multiplied by any power cof tén. ?hus the entire range of all'Possible fal-
ues of ali the variables except T is covered; - The values, as labelled, provide a con-
venient meané of determining the correﬁt piacement'of the decimal-points.

It will be ﬁotéd that usually it will not be neéesgary to-takg the time to read
the values qf G’., £6, T &6, oF £ dc/dz in using the scale, -as 'bhe: positions of the
lines for the Yalues of thése gquantities 1s all that 1ie required to-set -the -scale. or

to read the value of the desired answer.-

Followlng are some examples of and suggeétions for the use of the scale:

PRESSURE GRADIENT RELATIONSHIPS

For much work the percentage variation of thé density 6f fhé alr at a given level
will be small enbugh that a mean value of the density may be as used at that level.
F@r evample, for rough work on all sea-level maps-dréwn“with AP =3 mb, the slide
may be set once and for all with.a;p = 3.mb'bpﬁééite'the intersection of the T = IO?Q
line and the p = 1013 mb line (ét C = 12.6:& io'l‘ gm/‘cm3 )‘. .--:Also, for rough work. on
all 10,000 maps, the slide may be set for good with the value of a p used'opposité

. . - C R
the intersection of the T = 0°C and p = 700-mbd lines. (At C =8.9x10 4 gm/om” ).
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Greater accuracy with 1ittle 1if any loss of time can be obtained by setting

“¥he 011dé once for each rep worked on, A glance at the mep should suffice to
determine approximate mean values of the temperature and pressure over the map

- to use for this setting, Even greater .accuracy could be obtained with little
more time involved by setting the slide for reglons of a éiveﬁ map, For very
high level maps it will probably be deszirable to set the slide for each point
considered since for these levels percentage variations in density arc quite
large: '

1, Geostrophic Wind Equation, |

' With the slide set with thé value of A p opposite e , the scale 1s in effect
a graph of ¢ plotted as a function of A n for various values of . Examples:
Slide set for-a sea level map with op = 3 mb, p = 1013 mb, T = 10°C,

Glven ' Answer
¢ = 30 mi/br, ¢ = 30° , an=2,2%1at, =151 mi = 245 m,
¢ =100 mi/hr, ¢ = 20° an=0.97° lat,= 66 mi = 107 km,
c = 6mi/ar, § = 38° an=90°1lat, = 630 mi = 1010 km, _
an = 3°1at, @ =50° : ¢ = 14,3 mi/hr = Beaufort 4 = 6,4 m/s = 5,0°
T lat/day
an = 600mi, @ =4o® ¢c=5mi/mr =2,2mfs = 1,.7° 1at/day

2.  Cyclostrophic Wind Equation,
The value of 02/'R can be read from the graph on the back, and opposite this
value on the fc scale the spacing, An, can be road, and vice versa,
Example: Slide set for T = 40°C, p = 950 mb,, 4p = 3 mp.
Given: R = 1° lat,, ¢ = 100 mi/hr,
Then c°R = 180 x 10”2 cm/sec® and 4n

0.142° 1at, = 9.8 mi = 15.8 km,

Given: n
Then ca/R

12mi, R = 100 mi,
147 x 1072 cm/sec® ang o

]
it

110 mi/hr, = 49 m/s,
3. Gradient Wind Equation,

If ¢ is known, fc can be read on the upper gre.ph' and‘cg/R can be read on
the graph on the back, Then, with the slide set for the correct values of T, o/

-and. 4 p, the value of an can be read opposite the value. of fo + cQ/R en the
~fo scale,
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Exemple: Slide set for p = h.ub, p = 700 mb, T = 0°C.: .
Given: ¢ =50 mi/hr, g = 50°, R = 5° Iat,
m = 3 15"

CR=9 .
fo + o=z M for cyclonic curvature,

=16 " .. for anticyclonic curvature.

Thenan = 1,19° lat, if the curvature were cyclonic.

or An =2.51° 1at, 1f the curvature were anticyclonic,

2

If the spacing of the iscbars, an is known, the valus of fc + %—— ~can be emen-

read opposite A n and the value of ¢ determined by successive 'approxismtiong,

using the upper graph and the graph en the back,

Exsmple: Slide set for Ap = 4 mb, p = 700 mb, T = 0°C
Given: an = 2,0° lat,, # =50° R = 70° 1at, ‘and 16 cyclonic..
Then fcl + /R = 20.1 x 10°° cm/sece,

We mey toke the geostrophic wind as the first approximation, Then

' ‘ ; — | 2 L
f‘cl = 20,1 giving cq = by ml/hr for which cq /R = 43
2
Then fc, = 20,1 ~ 4,3 =15,8: cp = 32 mi/hr: cp /R = 2.6
.,f03 = 20,1 - 2.6 =17.5: ¢z = 35 mi /b ¢ 032/3 =30
f% = 20,1 -~ 3,2 = 16,9 cy =34 mi/hr: cf/R = 3,‘0
fo  =20.1 - 3.0 =17.1: ¢y =345 mi/hr: Answer

THERMAL GRADIENT RELATIONSHIPS

The values of dc/dz, Ac, and s @re very conveniently found from hodographs
of pllot-balloon observations since the hodograph also shows clearly the direction..
of the isotherms, the sense of the thermal gradient and the sign of the temperature
and pressure a.d.fections, It shoﬁ.ld be noted that the. height of the column for
which Ac is measured does not enter into the calculatione, but that dc/dz is
used in units of miles per hour per thousand feet, Since a mean value of the shear
from sea level to 10,000 feet 1s frequently desired, it is helpful to note that
the dc/d.z scale is labelled in units of tenths of miles per hour per thousand feet
which is equivalent to miles per hour per ten thousand feet,



In the absence of simultansous radiosonde data to determine the values of T,
any reasonable assumption of the values of T'wilil introduce but a swmall percentage
error, since the possible ranges of T give small percentage variations on the abso-
lute scale of temperaturse, Monthly mean values for the station considered would

glve quite accurate results

4,  Thermal Gradlent Eguation .

The slide is set with the desired value of oT placed onposite the intersection
(on the? scale). of ' the liné for the value of T and the Index for T, Wi‘th the slide
set the scale is in effect a graph of dc/dz plotted as a function of f dc/dz for

varicus velues of #,

Exemple: Slide set foraT = 4°¢, 'T = 09,

Given : ‘Y ""Answor

dc/dz = h mi/hr/looo £t; ¢ 2° . an =2,27°1at, .

dc/dz = 20 ml/hr/looo-f‘b $ = " _an =0.88° 1at,

an = 3° lat, 95 =50 . dc/dz = 2,62 mi/hr/1000 ft.

Do Advective Tomperature Change,

(NOTE: On the first printing of the 9cale the formula, the instmctions and the
label 9—"3 —%/3 nr (on thea?—;%
omitted)

mb/} hr scale) for this use were

. The slide is set by placing the value of ¢, opposite the line of the value of
f do/dz as determined by the intersection of 'bhe 11nes for the velues dc/dz and ¢
The value of ;g can then bé read opposite the intersection (on the € scale) of
the line for the value of T a.nd the Index for T,

Bxample: Given: dofdz = 3 5 mi/hr/lOOO £, o ~_é5_ mifor.g = 42°, T = 0% .

'I'hen %—"—'- =1, 6600/3 hr
6. Ad.vective Fressure Change .
The slide is set by placing the value of. cp opposite the line for the value of

facas determined by the intersection of the lines for the values of Ac and ¢
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Then the value of 939&—% cen be read opposite the value of Cas determined by the

intersection of the lines for the value of T and p, In the absence of any more
specific values of T and p, a value of € - 10,9 x 107 (for T = 0°C, p = 850 mb)
may be used for the mean value of the density of the whole column in the common
problem of finding %9[;% for the column from sea-level to 10,000 feet,

30 mi/br, c =16 mi/hr, § = 42°

1}

Example: Given ac

Assume T = 0°C, p = 850 mb,

da
Then '9'2\'%

1l

1,09 mb/3 hr,



