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Charge Released in the First Spark from the Charged Human Body

Noriaki MASUL*! Shinya MURAKAMI* and Tatsuo TANI*
(Received June 26, 1998 ; Accepted June 25, 1999)

When an electrical discharge occurs from the human body, a number of sparks are produced until a
finger, or hand-held metal object comes into contact with an earthed electrode. An experimental
investigation is presented of the relationship between the ratio of the charge released in the first spark to
the total charge (initial discharge ratio) and the body potential (= 45,000 V). The relationship between
the initial discharge ratio and the conductive area of the discharge region on the subject is also investigat-
ed. The initial discharge ratio from the index fingertip, which has no conductive area, increases with
increasing the body potential and is saturated at a ratio of approximately 65%. The initial discharge ratio
from an 88 mm? silver painted conductive area on the surface of index fingertip increases from a ratio of
approximately 60% to 80% with increasing the body potential. With a hand-held metal screwdriver
approximately 80% of the total charge is released in the first spark, independent of the change in the initial -
body potential. Moreover, the relationship between the initial discharge ratio and the equivalent resistance
estimated from the decaying portion of the discharge current is discussed.
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Fig. 2 Current waveform from a body charged to +1,500
V.

(a) 10ns/div, (b) 200 ns/div. A : Discharge from index
fingertip, B : Discharge from hand-held metal screwdriver.
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Fig. 3 The relation between initial released charge O

and the body potential.

A : Discharge from index fingertip, B : Discharge from
hand-held metal screwdriver.
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and the positive body potential.
A : Discharge from index fingertip, B : Discharge from the
conductive area of 88 mm? on the surface of index fingertip,
C : Discharge from hand-held metal screwdriver.
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Table 1 Equivalent resistance of human body estimated from the decaying portion of discharge [al.

Discharge

Applied voltage [V]

vPolarity
electrode 400 1000 1500 2000 3000 4000 5000
A Positive 1.7x10° 2.4% 10 6.1%10° 4.7 10° 3.9% 103 3.1X 107 3.5%10°
Negative 2.5%10° 2.3%10* 1.4x10* 6.1% 103 3.6%10° 27X 10° 2.3% 10
B Positive 1.4X10° 1.4 10° 1.2Xx10° 1.2X 10 1.2 10° 1.3%10° 1.2 10
Negative 12X 10° 11X 10? 1.3x103 1.1x10° 1.2X10? 11X 10° 1.2 X 10°
C Positive 3.9 102 3.2% 102 3.3%x 102 3.5%10?
Negative 5.4%x10? 4.4%10? 4.3%10? 4.2%10?

A e, B: %0 88 mm2 OHEES, C: FIRoeE&BBRORAT ) 2 — FF7 43—
A : Index fingertip, B : Conductive area of 88 mm? on the surface of an index fingertip, C : Hand-held metal screwdriver.
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