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A Note on a Simple Transmission Formula*
HARALD T. FRIIS{, FELLOW, LR.E.

Summary—A simple transmission formula for a radio circuit is

derived. The utility of the formula is emphasized and its limitations
are discussed.

INTRODUCTION
HIS NOTE emphasizes the utility of the following
T simple transmission formula for a radio circuit
- made up of a transmitting antenna and a receiving
antenna in free space:

P /P, = A.A./d\? 1)
where
* Decimal classification: R120. Original manuscript received by

the Institute, December 6, 19435.
t Bell Telephone Laboratories, Holmdel, N. J.

254 Proceedings of the I.R.E. and Waves and Electrons

P.=power fed into the transmitting an-

tenna at its input terminals, Same units
P,=power available at the output termi-| of power
nals of the receiving antenna.
A,=effective area of the receiving an-
tenna.
A,=effective area of the transmitting{Same units
antenna. of length

d=distance between antennas.
A=wavelength.
The effective areas appearing in (1) are discussed in
the next section and this is followed by a derivation of
the formula and a discussion of its limitations.

May, 1946
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(4) G = 4nAeffn /12
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(6) Pr/Pt= GtGrA2/ (4m)? R?
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(10) R"= Pt Gt Gr A2/ (4r)2 Pr

TN IMD NOPOD

(11)  nR= Pt(dBm)—Pr(dBm) + Gt + Gr + 22 - (4n)?

29 navra WiFi ammn
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Figure 11.1. Average atmospheric absorption versus frequency. (a) at sea level, P = 760 mm Hg.
T = 20°C, pH,0 = 7.5g/m?*;(b) at 4 km above scalevel, T = 0°C, pH,0 = 1 g/im?.
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