
Flash and Crash 101
- how to weather the storm

Fig. 1. Annual frequency of thunderstorm days.
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t ivity throughout our coun­
t ry and can be used as a par­
tia l guide for determining
the typical frequen cy in
your area,

The information present­
ed in Figs.1 and 2 shows the
number of d ays that thun­
der was heard and does not
tell whether a lightning
flash goes to ground or is
conta ined inside the c loud .
Furthermore. the number of
flashes to ground increases
substant iall y with increas­
ing distance away from the
equator (Fig. 3). Severity of
sto rm s is not reflected by
the data at all. (A more pre­
cise method might invol ve
record ing thunder storm
duration instead of just oc­
currence .) Consequently ,
the se activ ity levels should
be considered as relative in­
formation rather than abso­
lute values.

The clouds that typi cally
are respo nsib le for thunder­
sto rms and lightn ing are
termed cumulon imbu s.
The se so-c a ll ed " t h u n­
derheads" are usually very
la rge and reach overall
heights of 35,000 feet. The
temperature at the top of
the cloud is a rather brisk
- 40° F. Such a cloud for­
mation will spread out hor­
izontal ly over several miles.
lest you think that l ightn ing
is produced only by thun­
derstorms, you might be in­
terested to know that sever-

Similar data has been
generated for thunderstorm
frequenc ies encountered
across the Un ited States.
South Florida has the dis­
t inction of hav ing the high­
est annual act ivity - l00
thunderstorm days. Fig 2
shows t he thunderstorm ec-

sto rms varies f rom single­
digit numbers up to as high
as 200 in parts of South
America . Interest ingly, the
maximum activ ity occurs
over land masses that are
located close to the equa­
tor. This re lationship to
latitude mostly reflects in­
creased evaporat ion and
cloud formation in the hot­
ter climates .

particular have something
of a vested interest in know­
ing the facts so that the fate
of the ir equipment wil l not
be left completely up to
chance. This article wil l
deal both with how light­
ning occurs and the various
protection methods that
are available.

A lot of info rm atio n has
been obtained since Ben
Franklin first tried to elec­
t rocute him sel f w ith his ex­
periments about 200 years
ago. Meteorologica l obser­
vations now have estab­
lished t hunderstorm activi­
ty levels on a worldwide
basis. Fig. 1 shows that the
annua l number of these

-_. , 0

" ft "
• eo

'80 ,-

- ro

" ",
s " •

'"" ec '"E,"UllTOR

'"
,.,

\so " '"ao '" ,
ti" ,

" e rc

i• i?•

Da ve Malley K1NYK
132 LydaJl
Manchesfer CT 06040

Lightning is one of the
most common occur­

rences found in nature and
certainly tends toward the
spectacular. It is responsi­
ble for start ing about
10,000 w ilderness fi res in
this count ry each year and
a lso infrequently causes
deaths. Furthermore, there
have been many m iscon­
ceptions and superstitions
invented over the years .

In spite of the losses that
can be involved, the av­
erage person knows very lit­
tle about this phenomenon.
It would seem that hams in

-



Fig. 2. Typical annual US frequenc y of thunderstorm da ys
(Ref. 1).
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into t he fil ament channel.
Co ns eq u ent ly, thi s ar c
propagates up to t he cloud
and is called the return
stroke. The speed of th is
return stroke is much f aster
t han the step-leader that
was " feel ing" i ts way down
to Earth . However. the
overal l speed of p ropaga­
t ion is only about one-t hird
that of the speed of light.

Genera l ly, peop le are not
aware of thi s return stro ke.
However, th is is wha t actu­
al ly produces the bright
lightning fl ash as well as the
thunder. The ligh t involved
is sim ply a result of t he arc
itse lf, while the high cur­
rents result in rapid expan­
sion of the surround ing ai r.
Thi s cau ses the thunder­
clap. An o ld rule of thumb
says t hat you r d istance
f rom the spot where the
lightning st ruck, measured
in miles, is equal to the
num ber of seconds be­
tween t he fl ash and the
thunder.

The currents fl owing dur­
ing t he return st ro ke aver­
age about 25.000 Ampe res.
Currents above 150k Amps
have been recorded, but
those over 80,000 Am ps are
rare. By compar ison, the
step-leader cu rrents typ i­
ca l ly are in the ten s o r hun­
dreds of Amperes. The high­
curr ent values are mea­
su red indirectly as you
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Fig. 3. Grap h shows increasing proba bili ty of cloud-to-­
ground lightning strikes as distance from equator increases.

Even tu all y, a co lumn of
ioni zed ai r ca l led a pilot
streamer reaches out f rom
t he c l o u d t ow ard t h e
ground . Afterwards, a more
intense di scharge t akes
place in the form of a ser ies
of incremental 'steps. Thi s is
referred to as the step-lead­
er. Th is leader and its
branch es bring the negat ive
cl oud potent ial cl oser to
t he Ear th -redu c e t h e
spark gap. if you will.

Earl ier, it w as noted that
leaders occasional ly sta rt
from the ground and nearly
reach up to the cl oud. Fig. 4
shows t hat fewer than 5%
of the leaders assoc iated
with a 100-foot tower w ill
behave like t his. In al l
l ightn ing discharges, how­
ever, sho rt streamers ex­
te nd upward f ro m the ob­
ject ju st before the dis­
charge. Thi s is the same
phen omenon as St. Elmo's
fi re. When the two stream­
ers connect, they provi de a
h ighl y co nd uc ti ng pa t h
(f i lament) wh ich allows t he
charge in t he tip of t he
leade r t o f low t o t he
gro und .

As this current becomes
higher, the fil ament imped­
ance is reduced and more
current flows. Thi s redu ces
the charge at the leader's
ti p, al lowing the conduct­
ing arc to reach higher up

these positive charges up to
t he cloud ' s cei l ing. The
heav ier remaini ng portions
of the ice accum ulate a
negati ve charge at the bot­
tom of the cloud.

Other theories also exist,
but their common denom­
inator is that the c loud con­
tain s one o r more lo cal ized
"cells" where the lowe r part
of t he cell is negati ve. local
potent ial differences can
reach many mil lions of
vo lts inside the cells. Rel a­
t ive to the Earth, the cell
(c loud) has a net negat ive
po tenti al and a li fetime on
the order of a half hour.

As t he cloud comes over­
head , the ground under­
neath it takes on a po si tive
charge. Put more accurate­
ly, negative ions in the
grou nd are repelled from
the area di rect ly under the
c loud formation. When a
vert ica l conductor (f lag­
po le, tower, etc.I is presen t.
an in ten se field concentra­
t ion occu rs at i ts t ip w hich
can exceed the breakdown
(d ielect r ic) st rengt h of the
a i r. Thi s c auses m icro­
ampere " po int-d ischarge"
currents characterized by a
bl uish corona. Sail ers used
to c all t h is co ro na S1.
Elmo's f ire after a M editer­
ranean patron saint. Inci ­
dentall y, this ef fect will
cause severe local static.
This is one reason why verti­
ca l antenn as have a ball
-at he r t han a point at their
t ip. The ball 's larger radiu s
te nds to reduce the possi­
b ility of corona d ischarges
and their effec ts on recep­
t ion.

a! other possib ilities exist as
well. These include: sand­
storms, snowstorms, and
clouds located over erupt­
ing volcanos (Reference 1).
Lightning associated with
snowsto rms occurs often
enough to be a concern to
a ircraft . Back o n the
ground, though, we w ill be
interested in the common
thunderstorms.

Contrary to widespread
belief , l ightning does not
come in stan tl y crashing
down to the Earth whenever
Zeus is angry . In fac t, it
does not al w ays com e
down, but o cc asionall y can
extend up to the cloud.
These item s are in t he
fo lklore that we' ll try to set
straight. l ightn ing actua lly
cons ists of severa l stages.
These are: t he leader, init ial
ret u rn st ro ke, re sidu al
decay curren t, and usual ly
one or more restr ikes (Ref­
erence 2). The high-current
port ion occurs in about
10-100 microseconds w hile
the tota l cycl e takes up to
0,25 seconds. The rate of
propagat ion is something
less than the speed of l ight
because of inductance and
capac itance effects along
the path .

The source of energy that
ult imate ly creates t he d is­
charge is presumed to be
wa rm air risi ng toward the
top of t he cloud. The charg­
ing process in the c loud is
thought to happen as a re­
sult of fal l ing ice crysta ls.
Portions of these crysta ls
spl inter off and become
electrostaticall y cha rged .
W ind currents t hen ca rry
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Fig. 4. Percentage of upward leaders is slight without very
ta/{ structures.
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Fig. 5. Sketch showing principle o f pro tective cone where
the radius (R) at protective area (do tted) is equal to the
tower height (H).

might imagine. O riginally,
sma ll bund les of stee l strips
ca lled magnet ic links were
pl a c ed perpe ndi cularl y
near wha tever was expect­
ed to be hit. Any eventua l
light ni ng cu rrent wo u ld
magne tize the links, a nd
the amount and d irection
of the current flow could be
deduced . Recently, si milar
methods have used mag­
netic recording tape where
the st rike pa rtially erases a
p re-recorded signa l of
known strength. Again. the
cu rrent wou ld then be ca l­
culated .

The fina l phase in the
overa ll l ight ning p rocess
consists of a low-level con­
t inuing current which pro­
v ides the opportunity for at
least one more immediate
rest rike . This usually hap­
pens abou t 200 millseconds
(0.200 sec.I afte r the initia l
strike . This add itional d is­
cha rge invar iably hits the
same poi nt on the Earth as
its predecessors. This fact
a lone ind icates tha t light­
ning can stri ke the same
spot more than o nce.

Severa l factors can in­
crease the probabil ity of a
building, towe r, or what­
ever be ing struck. Geo­
graphic effects we re men­
tioned ea rlie r. Most of t he
others a re not su rp rising.
The type of te rra in is impor­
tant, with the va lleys being
struck less often tha n high­
e r e levations. For a given
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lo cation, the poss ibilities in­
c rease as the squa re of the
he ight of objects above
grou nd .

Ground ing a tower will
he lp reduce the amount of
e lectrostatic charge pres­
ent. This can help avo id a
st r ike sin ce t h e fie ld
strength at t he top of the
tower will be cons iderab ly
lower, and upwa rd stream­
ers will find it that much
harde r to form. More im­
portant, though, the good
grou nd will a llow the cur­
ren t to be safe ly discharged
into t he ground .

Another fa ctor is that the
tower (or highest object)
c reates a so-ca lled cone-of­
p rotection whic h protec ts .
other structures inside t his
cone. An example of thi s
could be you r house. The
actua l a rea protected is not
well established, a lthough a
conservative figure seems
to be t hat the radius of the
cone is equa l to the tower
height (Fig. 5).

There a re qu ite a num ber
of ways to increase the pro­
tectio n of your equipment
dur ing a th understorm with­
out going broke in the pro­
cess. However, you should
rea lize that the re is no ab­
solute protection short of
tossing a ll tra ns m iss io n
lines, rotor cables, etc. , out
of the window and unpl ug­
ging the radio . (Even this
ass umes that you thought
to take act ion we ll ahead of

the sto rm and were a t home
to do so. Do not disconnect
these cables just before the
storm or when it is in pro­
gress .) Fortunately, there
a re some thi ngs that can be
done that do n't require you
to be a recluse in the house .

The first major step is to
provide a ll of the station
eq ui pment with a good
earth grou nd. This means
t hat a ll eq uipment in t he
house shou ld be attac hed
(bonded) t o a n ou ts ide
grou nd rod using as short a
length of heavy wire as pos­
sible. The standard rod is a
O.5-inc h copper bar driven
e ight feet into the grou nd .
This provides a low-imped­
a nce path. Expe riments
have shown that large r
diameters or greater depths
do not provide bette r per­
fo rmance. These rods can
be bought from lo cal elec­
t rica l supply houses.

You should avoid cop­
per-plated steel bars be­
cause the plating will wear
o r corrode off leaving a rus­
ty gro und rod. There goes
any low impedan ce ! Simply
chec k your ground rod to
make sure it is not magne t­
ic . If it is really necessary to
ground to a water pipe in
the house, use a cold water
pipe since corrosion can
break the e lec trica l con­
tinuity of the hot water
o nes. Also, chec k to see
tha t the water meter has
been bridged wit h a heavy
wire.

At least two of the towe r
legs shou ld be attac hed to
individ ual ground rods .
These shou ld be driven into
the grou nd ra t her tha n
through the concrete and
into the ground. The same
store t hat carries the rods
usua lly a lso will stock brass
damps to secu re the wires
to the tower and t he ground
stakes. Remember to simi­
larl y trea t any guy wires.
Co pper is best for the
grou nd wires, but if a lum i­
num is used, it shou ld be
about a #2 size. Don't run
a luminum t hrough the con­
c rete since corrosion will
ruin the wire in short order.

The wires to each rod
should be short and as d i­
rec t as possible with no
kinks or sharp bends . l igh t­
ning does not want to turn
corners! No grou nd wire
should be placed thro ugh a
metal conduit. This setup
would act as an rf choke
and encourage the ligh t­
ning to find an a lternate
route. If you are compe lled
to be nea t, use porce la in o r
some ot he r non-meta llic
m ateri al fo r t he pas s­
thro ugh.

Methods a lso a re avail­
ab le to red uce the risks of
strikes to antennas. Again,
bleeding off electrostatic­
charge buil dups caused by
ra in a nd snow is helpf ul.
Some antennas such as
gro und-mounted verti ca ls
and be ta-matched beams



Side fl ash es f rom t h e
ground wi re to one of the
other cables is also possi­
ble. This problem can be
overcome by making sure
that the ground wire is the
shortest and placing the
other wires away from it.
Aga in, we see the ru le of
thu mb regarding short, di­
rect grou nd wi res coming
into pla y.

One sho uld rea lize that
damage to elect ronic
equipment does not neces­
sa ri ly requ ire a direct l ight­
ning st rike. Relatively large
voltages (spikes) can be in-
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Fig. 7. One of severe' spark-gap methods used to protect
open-wire-fed equipment.

ment. a co mment or two
com e to mind regarding
roof-mounted V HF/U HF an­
tennas and even the TV
ones as wel l. Most peo ple
are aware that the mast that
suppo rt s these antennas
should be grounded. A typi­
cal installation involves
bri nging the t ran smission
line, rotor cable, and the
gro und wire down the side
of the house in a neat paral ­
lel manner. Elec t r ical ly,
though, it is not so pleasing .
In the event of an actual
str ike, the lightning has a
choice of paths to ground .

Fig. 6. Sketch showing grounding box con figu ration for coaxially-fed antennas.
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grounds the antenna d irect­
ly and essent ia lly elim i­
nates the chance of a di rec t
hit fro m en tering the house
via the coax lines. Remem­
ber to be sure to seal the
holes around each connec­
tor mounted on the box. Sili­
cone rubber, RV, or other
compounds can be used ef­
fec tively for this purpose. It
is a good idea to drill one or
two small holes (1f16-1fB
inch) in the bottom of the
box to al low for condensate
drainage.

If your station uses an
open-wi re t ransmi ssion l ine,
the above suggestions are
no t approp ri ate w ithout
some modification. How­
ever, this situa t ion was cov­
ered lon g before we started
u si ng coax . The tim e­
proven method of protect­
ing gear in this case is to use
an air gap (Fig. 7). The gap
distance is chosen to be too
large for the signal to bridge
but small enough to allow
lightn ing to jump across it
and cont inue on to ground.
Various handbo o ks deal
with these air gaps in detai l,
and various thi ngs includ­
ing spark plugs have been
used.

In the potpourri depart-

are already at ground po­
tential and requi re no fu rth­
er attention in this regard . If
this is not the case and co­
axial feedhnes are used, a
device such as Cushcraft's
Blitz-Bug can be inserted in
the coax near ground level
where its case can be
grounded. This device con­
tains a built-in spark gap
that will b leed off excess
charges to ground.

There are other tricks
that can be used with co ax,
also. I made severa l one­
foot diameter turns in the
coax at the base of the
tower. This took up excess
cable lengths and also pro­
vided an rf choke to help
discourage the lightning
from entering the house. A
right-angle turn right after
the choke arrangement per­
forms similarly. Compared
to you r transce iver, t he
price of new coax is chea p!

When the station is not
being used, the anten na
switch should be turned to
it s ground position. Since
extended inactivity periods
occur with vacations, etc.,
it is convenient to home­
brew a coax ground ing box
which is mounted to the
tower o r to a ground stake.
Such a devi ce is shown in
Fig. 6.

An outdoor util ity box
with a hinged or removable
cover and a good weather­
t ight seal forms the basis of
the unit. Three male-male
coaxial feed through con­
nectors (UG363) are needed
for each coaxia lly-fed an­
tenna. Inside the box there
is a short leng th of coax
with Pl -259 connec tors at­
tached to each end. O ne of
the groups of three feed­
though (bulkhead) connec­
tors is located in the bot­
tom of the box and its cen­
ter cond uctor is grounded.

D uring norm al use, a
patch cord is connected di­
rectl y f rom the antenna to
the coax run ning to the ra­
dio. However, before the
vacation, this patch cord is
changed over to the
grounded co nnector. This

98 73Magazine. April,1982
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very quick ly (several micro­
seconds) and shunts the
spi ke ac ross the transform­
er primary and prevents
damage from occurtng.

A Closing Note

Well. there you have the
basics of how lightning de­
velops and what can be
done 10 minimize its occu r­
rence and effects . Total
pro tect ion cannot be en­
sured un less each piece of
eq uipment is isol ated from
the ante nna and the ac
main s. Unfo rtuna tely, th is
is not a lways possible . How­
eve r, the tech niq ues pre­
sented in t his a rticle a re
simple to apply and will
prov ide a sign ificant mea­
sure of protect ion for your
equipment. .
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duced into the ac distribu­
tion system when a neigh­
borhood ut ility pole is hit.
The voltage t ransients pro­
duced can travel into
equipment via the house
wiring. An obvious so lut io n
is to pull the plug, but this is
not always convenient and
can be forgotten . Protec­
tion against these spikes is
especia lly important with
solid-state rigs since they
do not have the overvolt­
age capabi li ties of their
tube predecessors . Fortu­
natel y, help is availab le in
the form of a voltage-s pike­
protecto r device. This un it
can be attac hed to essen­
tial ly any transformer-type
ae equipment. The device is
a meta l-oxide varistor sold
by Genera l Electr ic (Model
GE·MQV) and others. The
va ristor is a two-lead unit
that is attached across the
transformer primary wind­
ing and breaks down to a
low resis tance in the pres­
ence of a large-su rge volt­
age. The action happens
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