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<+V) Z-Zo V - Vo Z-Zo V - Vo 
t<+Z) =to+lOOJzO+-h-JvO+lOO ·-h-(Jvt-dvo) 

(
V - Vo ) 

1- 10+-h-JvO 
Z=Zo+ V- VOX 100 

Jzo+ (JVl - JVO)-h-

Use the following formulas for the function u. 

(
V - Vo ) 

10+ -h-Jvo - I . 
Z=Zo+ · V_VoXlOO 

Jzo+ (Jvo-JV1)-h-

Inspect the tables to determine how the function varies with 
V and Z, and select the proper group of formulas. 

Exercise great care in the use of the plus and minus signs. 
Double Interpolation in Simple Tables.-Regarding Fig. 166, 

from which the above formulas have been deduced, we will see that 
the interpolated value I of the function may be obtained from the 
four tabular values represented by the four heavy corner lines of 
the figure. Interpolating by the rule of proportional parts be­
tween the value 10 of the function and the value immediately 
below it in the same table for V,which value is represented at Z2 
in the figure, we obtain the value of the function at V oZ in the 
figure. Proceeding in the same manner in the table for the next 
value of V we obtain the value of the function at V 2Z in the figure. 
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Interpolating between the values at VoZ and V zZ we obtain the 
desired value f. 

This method is the most convenient method of double inter­
polation in simple tables, such as Table VI of the Ballistic Tables. 
The numbers in that table are simple and the data is all found 
together on one page. 

USE OF THE FORMULAS. 

253. Given Non-Tabular Values of V and Z, to Find f.­
Select the f formula applicable to the particular function. Take 
from the table the value of the function corresponding to the 
tabular values of V and Z next less than the given values. The 
tabular values of V and Z are Vo and Zo in the formula. Express 

V-Vo Z-Zo 
the fractions -h- and 100 decimally. If we take from the 

table at the same time with the function the corresponding num­
bers in the L1z and L1v columns, also the number next following in 
the L1v column, called respectively L1zo, L1vo, and L1Vl in the formula, 
we have all the data necessary for the EOlution of the problem. 
The numbers in the different columns of the table are obtained 
by considering the values of the functions as whole numbers. 
The corrections therefore must be applied to the function as if it 
were a whole number. 

In the examples which follow we will indicate by enclosing the 
decimal values of functions in parentheses that they are to be con­
sidered as whole numbers in applying the corrections. 

EXAMPLE. 

1. Given V=1015 Z = 37 J,.'B What is the value of A'! 

V- Vo= 15 = 3 
h 50· 

Z-Zo 
100 =.42 fo = 0.2946 

Jvo=223 JVl =230 

f= (0.2946) + .42 X 96-.3 X223-.42 X.3 X7 
= (0.2946) +40.32-66.9- .88 
= (0.2946) - 27.5 
=0.29185 
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2. Given V=887 Z=7~75 

V- V o=12 = 48 
h 25' 

What is the value of wg B'f 

Z-Zo 
100 =.75 

f= (0.09779)+ .75XI33+ .48X59- .75X .48Xl =0.099067 

To help in fixing the formulas for I in the mind, we will note 
that the correction for Jz is applied with a positive sign if the func­
tion increases with Z, and with a negative sign if the function 
decreases with Z. The correction for Jv is similarly applied ac­
cording as the function varies with V. The sign of the last t erm 
is positive if the signs of the two preceding terms are similar, and 
negative if they are dissimilar. The difference between the two 
values of Jv in the last term is usually positive and no attention 
need be paid to the sign of this difference except when dealing 
with the functions log B' and log C'. 

The formulas used in the above examples, which we will call 
the f formulas, and which give the values of the functions for non­
tabular values of V and Z, indicate the simplest and quickest 
method of arriving at the correct value of an interpolated func­
tion. This method should therefore always be followed in solving 
problems of this nature. 

3. Given V =1630 
4. Giwm V =972.4 
5. Given V = 2790 
6. Given V = 2790 

Z=3781 
Z=9569 
Z=1255 
Z=8473 

Find D' 
Find A 
Find log C' 
Find log C' 

Ans. 155.9 
Ans. 0.464181 
Ans. 4.65946 
Ans. 4.97732 

Note the difference in the signs of the last term of the formula 
in the two preceding examples; also the sign of the same term in 
the following example. 

7. Given V=1217 Z=8778 Find log B' Ans.O.138514 

Note that in the following example A" decreases with V. 

8. Given V =3040 Z =4926 Find A" Ans.2952.4 

254. Given Non-Tabular Values of the Function and of V, 
to Find Z.-Select the Z formula applicable to the particular 
function. Inspect the table on the page that contains the given 
value of V to find the proper values to substitute in the formula 
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for 10, Zo, and the tabular differences. To arrive at accurate re­
sults this requires some little care, and is best done in the following 
manner. By rapid inspection of the table find the two values of 
the function between which the given value lies. Apply to the 
tabular value corresponding to the larger value of Z the correc-

V- Vo 
tion -h-·,dvo. By comparing the corrected tabular value with 

the given value we determine on which side of the corrected 
tabular value the given value lies, and thereby determine which 
value of Z to use for 10 and the differences in the formula. An 
example will illustrate this . . 

9. Given A =O.061~1 V = ~19~ Find Z. 

V~Vo=.92 

Looking in the table for V =2100 we find that the given value 
of A lies between the values corresponding to Z = 5100 and 
Z = 5200. Applying to the value of the function corresponding to 

V- Vo 
the larger value of Z the correction -h-,dvo = .92 X 571 = 525 

we have (0.06263)-525=0.05738 as the value of the function for 
V =2192 and Z =5200. This value is less than the given value by 
about 380, and as the function increases with Z the given value 
lies below it in the table. 

The tabular ,dz for the value of the function, 0.06263, that we 
have taken from the table, is about 190; that is the function is here 
increasing by about 190 for each tabular value of Z. The tabular 
function when corrected gave us a value too small by 380. Con­
sequently if we take the second value of Z greater than 5200, the 
one we have used, we shall probably have the value we seek. 

We will therefore take the function for Z =5400 and apply the 
correction to get its value for V =2192. The corrected value is 
(0.06639) - .92 X 602 = 0.060852. As this is less than the given 
value of A and close to it, we know that the given value lies 
between Z =5400 and Z =5500, and we will use Z =5400 and the 
corresponding tabular values in the formula. 

It will be observed in each of the formulas for Z and V that, 
in the numerator of the last term, there is a term in parentheses 
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containing /0 plus or minus a correction. This term in paren­
theses is the tabular value of the function corrected for the differ­
ence between the given value of V or Z and the next less tabular 
value. It is essential, in order to arrive at correct results, that the 
value 0/ this term be /ound first for, as shown above, it is only by 
this means that we can determine the true tabular values of Z or 
V between which the required value lies. It will be shown later 
that without these values correct results cannot be obtained. 

In this example we have found the value of the term in paren­
theses to be (0.06639)- .92 X 602 =0.060852. Using this in the 
formula with the given value of the function and the tabular 
quantities corresponding to /0, the process becomes exceedingly 
simple, and the required value is easily and quickly and accu­
rately obtained. 

Zo=5400 /0=0.06639 .Jzo=193 .Jvo=602 .Jvl=618 

6121- 6085.2 
Z =5400+193_16X.92100 

358 
Z =5400+ 1782100=5420.1 

If we had not pursued the above course, but had used for Zo 
the smaller value of Z obtained at our first inspection of the table, 
the result would have been as follows. 

6121- 5568.4 
Z =5100+ 184-16X .92100 =5432.6 

The difference in the results is due to the fact that in using 
the value Z =5100 we assume that the function varies uniformly 
between this value and the obtained value, a difference of 332, 
while our process of interpolation is based on the assumption that 
the variation is uniform for a difference in Z of 100 only. 

The effect of the difference in the values of Z obtained by the 
twe methods may be seen in the problem from which the above 
data were taken. The value of the ballistic coefficient, C, was . 
4.7859 and the range X was required. X =ZC. 

With Z =5420.1 
With Z =5432.6 

X =25940 ft. 
X =26000 ft. 
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It may sometimes be more convenient, after having found the 
proper value of Z for use in the formula, to obtain from the table 
the corrected values of the function for that value of Z and for 
the next greater value of Z. The given value of the function will 

. lie between these two corrected tabular values, and the true value 
of Z may be found by the method of proportional parts. 

For V =2192 

A, given, 

Z=5400 
Z=5500 

.06121 

.060852 

A = (0.06639) - .92 X 602 =0.060852 
A = (0.06832)- .92X618=0.062634 

1782 

358 
Z = 5400 + 1782100 = 5420.1 

The results given by the two methods are the same. Indeed 
the methods are the same, for through the agency of Jzo and JVl 
in the formula we make use of the tabular values of the function 
corresponding to the second value of Z. It will be seen in the 
examples above that the fractions to be reduced are exactly alike. 

In problems in the text books on exterior ballistics the value 
of Z is nearly always determined to the nearest tenth. This in­
dicates that it is important to obtain the correct value. The 
correct value can be obtained, from the tables, only by inter­
polating between the nearest tabular values on each side. The 
importance of the preliminary application of the correction 
V-Yo 
--h-Jvo to the tabular values of the function, for the purpose of 

determining the proper value of Z to use, is therefore apparent. 
In using the formulas for Z and V the fractional coefficients 

of 100 !1nd of h in the last terms will always inform us whether we 
are in the proper place in the tables. Both numerator and 
denominator of the fraction must be positive, and the 
value of the fraction must be less than unity. A negative 
value of the fraction or a value greater than unity indicates that 
we have not used the nearest values of fo and Vo or Zo and the 
differences. The result is therefore approximate only, and th.e 
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degree of approximation varies with the num1;>er of units in the 
value of the fraction. 

The formulas for V and Z may be easily fixed in the memory 
if we observe that the numerator of the last term is the difference 
between the given value of the function and the nearest corrected 
tabular value, the correction being applied to the tabular value 
with a sign indicated by the manner of variation of the function 
with Z or V. The first term of the denominator is Jvo in the V 
formulas, and Jzo in the Z formulas. The sign of the second term 
of the denominator is the same as the sign inside the parentheses 
of the numerator. The value of the second term of the denomi­
nator is positive for all the functions except log B' and log G'. For 
some value of log B', and for most values of log G', JVl is less 
than Jvo, so that (JVl- Jvo) becomes negative and causes a change 
of sign for the second term of the denominator in the V and Z 
formulas, and for the last term in the f formulas. 

10. Given u=991 V =1630 Find Z. 

V-Vo=30= 6 
h 50· 

This value of u apparently lies between the values of Z = 4600 

b I · h . V-Yo and Z = 4700, ut app ymg t e correctIOn -h- Jvo = .6 X 15 = 9 

to 987, the tabular value of the function for Z =4700, adding it 
since u increases with V, we find that the value of u for V=1630 
and Z =4700 is 996. This being greater than our given value, 
and the function decreasing with Z, the given value corresponds 
to a value of Z greater than 4700. Similar inspection shows that 
the proper value of Z is less than 4800. We therefore use the 
values for Z =4700 in the formula. 

Zo=4700 10=987 Jzo=6 Jvo=15 JVl=15 

Z =4700+ 99:~~91100 =4783.3 

11. Given A" =2158 V=979 Find Z. 

V~Vo=.16 
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, The change in the function here is very slight for a change in 
V, and we see at once that this value of AI' lies between Z = 4000 
and Z=4100. 

Z =4000+ 21585~!~8.5.100=4034.2 

12. Given B=0:0341 V =2763 Find Z Ans.4053.4 
13. Given D' = 790 V = 1784.6 Find Z Ans. 7278.1 
14. GivenlogB'=0.07140 V=1146 FindZ Ans.3894.9 
15. Given A' =0.2252 V =970 Find Z Ans.2813.1 

255. Given Non-Tabular Values of the Function and of Z, 
to Find V.-This problem is slightly more troublesome than the 
one just explained, because as V is not given we cannot turn 
directly to the page on which the nearest tabular value of the 
function will be found. 

Select the V formula applicable to the particular function. 
With the next tabular value of Z less than the given value look 
through the table until two consecutive tables are found which, 
for this value of Z, give values of the function less and greater ' 

Z-Zo 
than the given value. Apply the correction lOOdzo to the 

tabular value corresponding to the larger value of V and deter­
mine, from the corrected tabular value, the side on which the 
given value liesr and the proper table to use. 

16. Given B=O.32386 Z =5887 Find V. 

Z-Zo 
100 =.87 

Inspecting the tables with the value Z = 5800 we find that 
tabular values of the function greater and less than the given 
value are found in the consecutive tables for V =900 and V =925, 
these values being respectively 0.3388 and 0.3230. Apparently 
then the value of V for the given function lies between 900 and 
925, and the values for to, Yo, etc., in the formula, should be taken 
from the table for V =900. But applying the correction 
Z-Zo 
lOOdzo=.87X77=67 to the tabular value of the function for 

Z = 5800 and V = 925, adding it since B increases with Z, we obtajn 
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for the function at V =925 and Z =5887, the value 0.3297, which 
is greater than the given value. Since B decreases with V the 
given value must therefore lie to the right of the value for V =925, 
and as the difference between the two is considerably less than 
the .Iv in the table, 144, we know without further inspection that 
the value for V lies between 925 and 950, and in the formula we 
will use the quantities taken from the table for V =925. 

Vo=925 Zo=5800 fo=0.3230 

Jzo=77 Jvo= 144 JVl = 147 

3297 - 3238.6 584 
V = 925 + 144+ 3 X .87 25 = 925+ 1466 25 = 935 

In a manner similar to that explained in the first problem under 
the previous heading this same value of V can be obtained, after 
having found the value of the function for Z =5887 and V =9~5, by 
finding the value of the function corresponding to Z = 5887 and 
the next tabular value of V, 950, and determining the true value 
of V by the. method of proportional parts. 

For Z=5887 

3297 

V=925 
V=950 

B, . given, 32386 

B= (0.3230)+ .87X77 =0.3297 
B= (0.3086)+ .87X74=0.31504 

1466 

584 
V =925+ 1466 25=935 

17. Given T'=9.130 Z=9378 

Z-Zo 
100 =.78 

Find V. 

Inspecting the table with Z =9300, we find that the given 
value of T' lies between the tabular values for V = 1600 and . 
V = 1650. Adding to 9.046, the value of T' for the larger value of V, 
the correction .78X128, we find that T' for Z=9378 is 9.146. We 
know then that the value of V sought is greater than 1650; and 
since 9.146-9.130 is less than the .Iv in the table, 152, we know 
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that V lies between 1650 and 1700. We therefore use in the 
fommla the values from the table for V = 1650. 

9146-9130 
V = 1650+ 152 + .78X 150 = 1655.2 

18. Given log B' =0.16512 Z =46125 Find V. 

Z-Zo 
100 =.25 

. ' tan cu 
From the value of tan cu, equatIOn (35), we have B' = tan <p' 

The same range may be attained by different shots fired with 
different velocities at different angles of elevation. The angles of 
fall will also be different. But the changes in the angle of eleva­
tion and angle of fall may be such that the ratio of the tangents of 
the angles will remain constant. We may therefore get similar 
values for B', and for its logarithm, with one value of X and widely 
different values of V. When, therefore, log B' is given and a ' 
value of Z, since Z contains X as a factor, we may find iIi the 
tables more than one value of V corresponding to these given 
values. Should this case be encountered in the solution of a 
ballistic problem, the proper value of V to use would be deter­
mined after consideration of the other data of the problem. 

With the data given above we find the two following solutions, 
in the tables for V = 1900 and V = 2900 respectively; using in the 
first the formula for V when log B' corresponds to a value of 
V <2500, and in the second the formula for V when log B' cor~e­
sponds to a value of V> 2500. 

Z-Zo 
log B'=0.1652 Z =4625 100 =.25 

V =1900 1652-1627.550 =1943 
+ 28+2X.25 

V ~2900+ 1655i~~~652100=2931.8 

Ai; we have before noted, the functions A" and log B', for some 
values of Z, increase with V when V < 2500 and decrease with V 
beyond that point. Therefore we may expect to find, for these 
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values of Z, equal values of either function on both sides of 
V =2500. 

19. Given u=931.3 Z=8122.7 Find V Ans. 2187.5 
20. Given B=0.16801 Z=6345 Find V Ans. 1832.0 
21. Given T' =3.7943 Z=4852 Find V Ans. 1747.0 
22. Given log B' =0.23376 Z =7318 Find V Ans.2226.0 

256. Given One Function and V or Z, to Find the Corre­
sponding Value of Another Function.-Inspecting the formulas 
for V and Z we see that the fractional coefficients of hand 100, 

V- Vo Z-Zo 
in the last terms, are respectively equal to -h- and ToO' 
We therefore take out this coefficient from the Z formula if V is 
given with the function, and from the V formula if Z is given, 
using the formula applicable to the given function. Substitute 

Z-Zo V- Vo 
the value thus obtained for 100 or for -h- in the I formula 

applicable to the required function, using for 10 and the differ­
ences in this formula the tabular values for the required function 
corresponding to the same values of V and Z as were used in the 
previous operation. 

23. Given A" =3150 V = 19~9 ,5 Find u. 

V-Vo 
-h-=·59 

From the Z formula for A" when V <2500 
5200 

Z-Zo 3150- (3116+5.9) 
100 65+ .59 =.43 

It will always be well when taking from the table the quanti­
ties required in computing the coefficient (Z - Zo) 1100 from the Z 
formula to write above Zo the tabular value used, as it is written 
in the above equation. This will serve as a memorandum as to 
what value of Zo to use when computing the value of the required 
function. 

The memorandum is not necessary when computing (V - Vo) Ih, 
as the value of Vo is indicated on the page at which the table is 
.open. 




