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Correction of Kulenkampff’s Equation for X-Ray Spectrum
By

Shogo Suzuki
Department of Radiology, Faculty of Medicine, University of Tohoku
(Director: Prof. F. Hosino)

Kulenkampff solved empirical equation of X-ray spectral energy distribution in 1922. That equa-
tion is as follows.
1 1 1
I; = aZ (‘—_I.;___R._ + bZ) To
Today, we are using often this equation. However, this equation is not in conformity with true
X-ray spectrum, because, absorption curves of calculated values by Kulenkampff’s equation donot agree
between absorption curves by measurement and Radiation physics Laboratory in N.B.S., now, that non
agreement is corrected by a compensate of 2nd part of Kulenkampff’s equation. And, corrected Kulen-
kampff’s equation of X-ray energy spectram is as follows.
3 1 1 1
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Calculated absorption curves by this equation have almost no difference between them.
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Table 1. Aluminium Equivalents of glass

of X-ray tube

(comstant potental, Ky | mmAL
40 0.7
50 0.7
60 0.8
70 0.8
80 0.9 |
90 0.9

Fig. 1. Schema of apparatus for measurement
of absorption curves.
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Fig. 2. Comparison between absorption curves
by Kulenkampff’s equation (o), measured (x)
and N.B.S.-R.P.L. { ).

Relative dose rate

T™T T T TTTT

N
T

T T TTTTT

1 1 ] 1 1 ] ] 1 1 1

1 1
2 4 6 8 10 12 14 16 18 20 22 24
filter (mm Al)

ERic sk 2 22E S, EEERE S iz,
Uiz 2 v F vyl AT WA OT, XiERE
Ryl Oz fEk o —k M © HE < BiEch

b, XEEHD bl BWEShi: BFE
A4 < AR ShER Y Yy 22 AvTio
o, XWEBEOWECIIEEEETY 2 A,
BRI (2mA —5E) OJERIT mA FrEE
fwcEER L, IMERSORMEY &1 1.
Znb%x Fig. 1Ty,

Kulenkampff oz X % FHEfE (OR), flE
fE (xEI) % XU N.B.S. ojfigihit+ LR
&, FigepZk<{ls.

Fig 2w X huE, Kulenkampff oz X bR
ToiEE RIS, EES LU N.BS. oFhlb
LPFENKRE L, FEENKE S RIBLOHERA
EE L. TROLEMCE L ER-Z LR
LTw5b., 20z b Kulenkampfl oifixz
DFEFOBTIREEO AR F L TEHEeE

537

BlLtwiowz kicinh, XBHI vREET SR
7 PAREERR R OL B EETRTVE D
DEEbRA. '

2) Kulenkampff Dsto#iiE

Kulenkampff OFNEEE D 222 FLicgd
e 5Dy, bolEEEMUNAE k)
e binz 2ok, ot Q)oE—
B R TERRR W RE S TED &
RET A, EEOAR 7 } MiTh 5 HIER
¥EHZEaHED, Tk B)R (T)ed
L AB OfEn s s EXE L, FBEL
b WA AR A BT B RS L.

i = | (L) + 4 | -

...... (7)
B/A OFBEK T 5fE% Table2 D Z & S &

Hh, FoRELERIEE 8), ):LTHbLRE
(Fig. 3).
Fig. 3. Appryximate equation of BfA.
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Table 2. B/A values
(1) ; Calculation by 0.0400 (KV) — 0.660
(2) ; Calculation by 0.00602 (KV)!+®

B

kv | 2 e @
{0 | 0.943 | 0.940 | 0.977
50 | 1.33 1.34 1.34
60 | 171 1.74 1.70
0 | 2.13 2.14 2.12
80 | 2.61 2.54 | 2.53
00 | 2.97 2.84 | 2.08 |

Fig. 4. Comparison between absorption curves
by corrected Kulenkampff’s equation (o), me-
rsured (x) and N.B.S. (—).
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