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INTRODUCT

1 Scope

ION

1.1 These requirements apply to isolating signal and feedback transformers intended to be used in
electronic equipment where only audio, video, and other signal waveforms are transformed. These
transformers are intended to provide isolation from circuits that are either conductively connected to a
branch circuit supply or connected to secondary circuits involving voltages that are considered to present
a risk of electric shock by the nature of their use in an end-product.

1.2 These requirements do not apply to transformers and motor-transformers that are connected to a

supply circuit

to power a secondary circuit.

2 Componer]
2.1 Except &
requirements
products cov

2.2 A compd

a) In

proddict covered by this standard, or

b) Is

2.3 A compd
use.

2.4 Specific
Such compo
exceeding sp

3 Units of M

3.1 Values S
approximate

3.2 Unless
root-mean-sg

ts

S indicated in 2.2, a component of a product covered by this standard.shall co
for that component. See Appendix A for a list of standards covering componen
bred by this standard.

nent is not required to comply with a specific requirement.that:

volves a feature or characteristic not required in the-agplication of the compon

superseded by a requirement in this standard:

nent shall be used in accordance with, its rating established for the intended
Components are incomplete in construction features or restricted in performanc
hents are intended for use enly ‘under limited conditions, such as certain tem
ecified limits, and shall be«used only under those specific conditions.

pasurement

tated without parentheses are the requirement. Values in parentheses are €
nformation,

ptherwise ‘indicated, all voltage and current values mentioned in this s
uare(rms).

mply with the
[s used in the

ent in the

conditions of

b capabilities.

peratures not

Xplanatory or

standard are
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4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be

interpreted as referring to the latest edition of that code or standard.

5 Glossary

5.1 For the purpose of this standard the following definitions apply.

5.2 ENCAPSULATION COMPOUND — A material, generally of the polymeric type, that is

inch (0.8 mm) thick and that encapsulates the transformer by being molded around the
where the transformer is not provided with any other housing material.

at least 1/32
coil windings

5.3 HAZARLO
circuit or invd

OUS CIRCUIT- A circuit in an appliance that either is conductively connecte
Ives a risk of electric shock.

5.4 HAZARQO
be connected

OUS CIRCUIT WINDING — A winding of an isolating signal transformer that
to a hazardous circuit.

 to a branch

s intended to

5.5 HOUSIN[G — A partial or complete enclosure, generally of polymeric material or metal, {hat is around
the outside of all or part of the transformer (such as end bells) but is@ot in contact with cufrent-carrying
parts.

5.6 IMPREGNATION COMPOUND - A material, generally-0f the polymeric type and conpmonly in the
form of varnigh, that is absorbed by insulating materials such'as electrical grade paper and|that provides
a coating of lpess than 1/32 inch (0.8 mm) thick over all tfansformer parts.

5.7 ISOLATHD CIRCUIT — A circuit that is not conductively connected to the supply circuit

5.8 ISOLATHED WINDING — A winding of an isplating signal transformer that is intended to pe connected
to a nonhazafdous circuit.

5.9 POTTING COMPOUND- A material, generally of the polymeric type, that seals the tn
filling the spgce between the coikwindings and the housing. Potting material differs from
material in that impregnation material is not intended to completely fill the space between the
and the housjng.

5.10 TRANSFORMEREAMILY — A series of transformer models which have identical insulal
provided betyveen each winding. The number of windings may vary for different models in
the models nust €ither all be suitable for securement to a live chassis or not suitable for s
a live chassig.

ansformer by
impregnation
coil windings

ting materials
a family, but
lecurement to

5.11 WINDING - A caoil of wire including the start, finish, and crossover leads up to the point where

insulated leads or terminals are connected.
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CONSTRUCTION

6 Housing

6.1 A material provided as a housing around all or part of a transformer shall comply with 6.2 if of metal
and 6.3 if of polymeric material.

6.2 Sheet metal provided around all or a portion of the current-carrying parts of a transformer shall be at
least 0.010 inch (0.25 mm) thick if formed of steel and 0.020 inch (0.51 mm) thick if formed of aluminum
or copper alloy.

Exception:

A metal housing is not required to be of a specific minimum thickness if spacings are

maintained b

6.3 A polyms
in accordanc
Appliances, |

Exception: A
material is ra

7 Resistancs
7.1 All ferroy
8 Mechanicd

8.1 A transfq
resist the aby
due to total g
the like shall

8.2 An adhe
for Polymerig
techniques, S
need not be

) a potting compound complying with 6.3.

ric material provided to encapsulate, pot, or house a transformer shall be\rated
b with the Standard for Tests for Flammability of Plastic Materials far-Parts in
L 94.

fed V-2 or better for a thickness of 1/16 inch.

to Corrosion
s parts shall be provided with a means for corrgsion resistance.
| Assembly

rmer shall be formed and assembled-so that it has the strength and rigidity
ses to which it is likely to be subjected. The risk of fire, electric shock, and inju
r partial collapse with resulting reduction of spacings, loosening or displaceme
not be increased when the eemponent is subjected to such likely abuse.
bive used in the assemblyof an enclosure shall be investigated as specified in

Materials — Use in\Electrical Equipment Evaluations, UL 746C. Methods u

uch as solvent bending, ultrasonic welding, electromagnetic induction, and thej
nvestigated.

V-2 or better
Devices and

\ polymeric material less than 1/16 inch (1.6 mm) thick need-not be rated V-2 ¢r better if the

necessary to
ry to persons
ht of parts, or

the Standard
tilizing fusion
rmal welding,
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9 Impregnation

9.1 A transformer shall be impregnated unless it is either potted or encapsulated, or the absorptive
insulating materials such as fiber, paper, and the like are individually impregnated, treated, or the like.

10 Leads

10.1 Insulation

10.1.1 The insulation on lead wires, sleeving, and tubing shall be rated for the voltage involved and shall

be flame rate

d VW-1.

10.1.2 Insuld
involved.

10.2 Conned

10.2.1 Conn
shall be mad

10.3 Strainr

10.3.1 Strai

connections @s determined by the Strain Relief Test, Section:17.

10.3.2 Stra
constructed
turns in the |
10.4 Protecti
10.4.1 The €
that tend to ¢
complying wi
10.4.2 A bus

a) S

b) M

i
{uch that mechanical securement is provided by the routing of lead wires, such
ads as they pass through the materialkor compound, or by a knot in the leads.

ting tape used on lead wires shall be rated flame-retardant and rated 10

tions between leads

bctions shall be soldered, welded, or otherwise positively secured. A soldere
e mechanically secure before soldering.

blief

relief shall be provided so that stress on eachvindividual lead is not t

relief that depends solely on potting -.¢ompound or encapsulation mate

on of wiring

dges of an opening through-which wires pass shall be free of burrs, fins, and
amage the conductor insulation and, if sheet metal, shall be rolled or covered
h 10.4.2.

hing that is relied-upon for protection of wiring shall be:

pcured inglace by mechanical means other than friction alone;

ade of material other than natural rubber; and

the voltage

d connection

ansmitted to
rial shall be

As right angle

other defects
by a bushing

c) O

a COTTStruction that does Tiot Tause wWite darmage.
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11 Terminal Support

11.1 A polymeric material that directly supports terminals and is not provided as layers of coil insulation

shall be:

a) Rated for temperatures of at least 105°C (221°F) and have a flammability rating of V-2 or
better for the minimum material thickness provided or 1/16 inch (1.6 mm), whichever is greater.

b) Suitable for direct support of live parts with respect to hot-wire ignition, high-current-arc
resistance to ignition, volume resistivity, and dielectric strength in accordance with the Standard
for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exc¢g
comf

EXxcel
volur

12 Transforn

12.1 Insulati

12.4 and with either the generic insulation_material types and thicknesses specified in 12

Insulating Mg
a) H
b) H
c) P

d) Is

pfion No. 1. A polymeric material that supports only the isolated winding termi
ly with (b).

ption No. 2: A polymeric material subjected to the following need npot*to co
he resistivity and dielectric strength requirements specified in (b).

a) An additional dielectric voltage-withstand test conducted between adjacs
hazardous circuit terminals on the transformer following the method and co
the requirements described in the Transformer Dielectric Voltage-Withstang
Section 16, and

b) Insulation resistance between adjacent hazardous circuit terminals with
disconnected, in addition to those describet-in the Insulation Resistance Te¢
18, that is found to be greater than 10 shegohms;

ner Insulation

bn (excluding the magnet wire coating) between the parts specified below sha
terials Equivalence Test, Section 20

hzardous circuit windings and dead-metal parts;

hzardous windings“and isolated windings;

bints of oppasite polarity in the hazardous windings;

blated-windings and dead-metal parts;

hals need not

mply with the

PNt
implying with
Test,

windings

pst, Section

| comply with
5 or with the

e) H

azardous COMeCtons and-adjacent windings,; and

f) Hazardous windings and isolated winding connections;

Exception No. 1: A transformer intended to be conductively secured to a hazardous live chassis (in the

end-use elec

tronic equipment) need not comply with (a).
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Exception No. 2: A transformer intended for installation in electronic equipment where dead-metal parts of
the transformer are to be reliably spaced away from hazardous live chassis parts or where chassis parts
of the electronic equipment are not conductively connected to a branch circuit supply or other hazardous

source, need

not comply with (d).

12.2 The insulation between the isolated and hazardous circuit windings in a flanged bobbin-wound
transformer having the hazardous circuit winding wound over the isolated winding, or the isolated winding
wound over the hazardous circuit winding as shown in Figure 12.1, shall be as specified in (a) — (c) below,
or of an equivalent construction.

a) The insulation shall be made of formed, molded, or extruded material having continuous
bent-up edges tightly fitted against the outer bobbin end-flanges. The height of the outer

winding shall not be Tess than 1732 Inch (0.8 mm) or twiCE the diameter of the oute
ever is less, above the top layer of the outer winding as shown in Figure 1.2-.

whic

b) Tihe insulation shall extend from end-flange to end-flange of the bobbin-and with

the i3
windi

c) The winding insulation shall extend from end-flange to end-flange of the bobbin

overl
least
comy

olated winding offset a minimum of 1/8 inch from the sides of the-hazardous ¢
hg by a spacer or a built-in step in the bobbin end-flange as shéwn in Figure

coil wire,

the sides of
ircuit
12.2.

and be

hpped by a tape which extends up and over the top edgé)of the bobbin end-flange by at

1/8 inch, overlaps the winding insulation and bobbin-ehd-flange by at least 1/4
lies with 12.5 or 12.6 as shown in Figure 12.3.

inch, and

Figure 12.1
Bobbin wound transformer with inner bobbin
h Tight—Fit /
ZOINN 3
N 000000000 NP
N 990000000 N2
?s OOQOOQOQ \\é Quter windings
?§ OOO0O0O0O00O0O0 A
L1 \>\/ .
<] - Inner Bobbin
Z Z
QOOOO0O0O0000O
? OO0O0O0O0OOOLOOO ?—-Outer two—flanged
] OO0000000LO bobbin
"N
Z X

N

Inner windings

525508
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Figure 12.2

Bobbin wound transformer with offset coils

With Spacer

With Built—In Step
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I L~
1/8 inch 1/8 inch
3.2 mm) (3.2 mm)
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12.3 Each flange of a flanged bobbin-wound transformer shall not be less than 1/32 inch (0.8 mm) or
twice the diameter of the outer coil wire, whichever is less, above the top layer of the outer winding as

shown in Figure 12.1.

12.4 A polymeric material in direct contact with uninsulated current-carrying parts (such as a coil form
bobbin) shall be temperature and flame rated in accordance with the terminal support requirements of

11.1(a).

12.5 The insulation between the transformer parts specified in 12.1 shall be either:

a) A minimum 0.025 inch (0.64 mm) thick if of a molded polymeric material such as a coil form

or a bobbin; or

b) Of the generic material types specified in Table 12.1 where the layer(s) of each
matefial is of a minimum thickness such that all layers collectively are greaterthan
the minimum thickness required (T):

in which:

().

T < A(EFy) + Ay(EF,) + Az(EFy)...

A;, Ao, As. . . is the total thickness of each generic material type, inches (n

EF;, EF,, EF3. . . Is the equivalency factor specified in Table 12.1 for the ¢
material type corresponding to A;, Ay, Ag...;

T is the constant 0.012 inch (0.30 nim) for insulation between points identif
(a) — (d) or 0.023 inch (0.58 mm){or insulation between points identified in

Exception: Transformer insulation constrictions that comply with the insulation systems re
12.6 may be |of other material types and thicknesses.

Table 12.1

Equivalency factors for insulation materials

generic
or equal to

m);

leneric

jed in 12.1
12.1 (e) and

Huirements of

Geneticumaterial Equivalency factor,
(EF)
Electrical gradd paper, fiber, or pressboard 1
Impregnated rajg paper 1.3
Acetate sheet 15
Polyvinyl chloride (PVC) 1.3
Silicone rubber (SIR) 0.5
Impregnated glass or acetate cloth 1.2
Polyester 2
Fluorinated ethylene propylene (FEP) 3
Aramid paper 2
Polyimide (PI) 6
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12.6 For transformers with insulation other than as specified in 12.5, the insulation between the
transformer parts specified in 12.1 shall be of at least 2 layers and shall comply with the Insulating
Materials Equivalence Test, Section 20. Complete transformer samples shall also comply with the

Insulating System Tests, Section 21.

13 Spacings

13.1 Spacings between hazardous winding terminals of opposite polarity and between hazardous winding
terminals and isolated winding terminals shall not be less than 1/8 inch (3.2 mm).

14 Double Protection

14.1 A trans
14.3.

14.2 Insulate

a) T
mm),

b) A

14.3 A trans
Voltage-With

PERFORMA

15 General

ormer intended to provide double protection shall comply with the requiremént

d lead wires shall have either:

Vo separate layers of insulation having a total thickness of not less than 0.026
neither layer of which is less than 0.007 inch (0.18 mm) thick; or

single layer of insulation not less than 0.027 inch (0.69 mm) thick.

former provided with double protection shall comply with the Transforn
stand Test, Section 16, with an applied potentialrof 3500 volts.

NCE

15.1 Each transformer construction shall comply with the test requirements described in Sec

Construction
Equivalence

Exception:
smallest corg
the largest c{

5 built in accordance withy12.6 shall be tested as described in Insulati
Test, Section 20, and the Jnsulating System Tests, Section 21.

For a transformer-family as defined in 5.10, the specified number of transfor
volume, a meditwm core volume and with the maximum number of isolated
bre volume shall"'comply with the tests described in Sections 16 — 21.

s in 14.2 and

inch (0.66

er Dielectric

tions 16 — 19.
ng Materials

mers with the
windings, and
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16 Transformer Dielectric Voltage-Withstand Test

16.1 A transformer shall withstand for 1 minute without indication of dielectric breakdown the application
of a 40 — 70 hertz essentially sinusoidal potential between:

a) Hazardous circuit winding(s) (including terminals and leads) and any dead-metal part(s);

b) Isolated winding(s) (including terminals and leads) and any dead-metal part(s); and

¢) Hazardous circuit winding(s) (including terminals and leads) and the isolated winding(s).

Exception No. 1: A transformer intended to be conductively secured to a hazardous live chassis (in the

end-use eled|

Exception Ng
the transform
of the electrd
source need

16.2 With re
the requirem

16.3 The tra
to be located

Exception: 4

16.4 The ap
having an in

16.5 The tes
the product €
to be increas
maintained al

16.6 The tes
frequency tha
1.3 and not n

16.7 When t
ohms is conn

fronic equipment) need not comply with (aj.

. 2. A transformer intended for installation in electronic equipment where,dead-
er are to be reliably spaced away from hazardous live chassis partscor Where
nic equipment are not conductively connected to a branch circuit supply or oth
not comply with (b).

bpect to 16.1, the potential is to be 2875 volts or, if the transformer is intended t
bnts for Double Protection, Section 14, the potential is,to(be 3500 volts.

in an area with an ambient temperature of 15 <:30°C (59 — 86°F).

\ transformer tested in accordance with 21,.3:1 need not comply with this requ

blied voltage is to be measured directly across the points of application wit
ut impedance of at least 2 megohns:

[ equipment is not to create transient voltages such that the instantaneous voltg
xceeds 105 percent of the\péak value of the specified test voltage. The applig
bd at a uniform rate in approximately 5 seconds, from zero to the specified test
the test potential for, 1 minute. Manual or automatic control of the rate of rise

t equipment is(o,produce an output voltage that has an essentially sinusoidal
t is within théwange of 40 — 70 hertz, and a peak value of the waveform that is
hore than{2.5 times the rms value.

ne testequipment is adjusted to produce the specified voltage and a resistan

metal parts of
chassis parts
er hazardous

D comply with

nsformer is to be in an unheated condition before thevtest. During the test, the fransformer is

rement.

N a voltmeter
1ge applied to
d potential is
potential, and
may be used.
waveform, a

not less than

e of 120,000

ected across the output, the test equipment is to indicate dielectric breakdowr].

16.8 When it is intended that the potential or duration, or both, used for the production-line test specified
in 22.1 is to be higher than that shown by Curve A in Figure 22.1, three samples of the transformer are
to be subjected to the continuous application of the potential that the manufacturer intends to use for a
time duration that is 100 times the intended time for the production-line test. There is to be no indication
of electrical breakdown during the test.


https://ulnorm.com/api/?name=UL 1876 2015.pdf

14 UL 1876 JUNE 25, 2015

17 Strain Relief Test

17.1 A force equal to the weight of the transformer but not less than 3 pounds-force (Ibf) (13.4 N) and not
greater than 10 Ibf (44.5 N), applied to a lead for 1 minute in any direction provided by the construction,
shall not result in displacement of the electrical connection at the transformer. This test is to be conducted
at an ambient temperature of 15 — 30°C (59 — 86°F).

18 Insulation Resistance Test
18.1 One sample of a transformer is to be conditioned for 24 hours in air having a relative humidity of 85

+5 percent at a temperature of 32.0 £2.0°C (89.6 £3.6°F). Immediately after conditioning, the transformer
insulation resistance is to be measured using test equipment having a direct-current open-circuit output

voltage of 50
18.2 The ins
a) H
b) Is
c) H

Exception N(
end-use elec|

Exception Ng
the transforni
of the electrg
source need

19 Thermopl
19.1 Each @

conditioning
Dielectric Vol

Volts.

hzardous circuit winding(s) (including terminals and leads) and any dead-metal
blating winding(s) (including terminals and leads) and any dead-metal part(s);
hzardous circuit winding(s) (including terminals or leads)@nd the isolated wind

. 1. A transformer intended to be conductively secured to a hazardous live c|
fronic equipment) need not comply with (a).

. 2: A transformer intended for installation jfielectronic equipment where dead-
er are to be reliably spaced away from hazardous live chassis parts or where
nic equipment are not conductively connected to a branch circuit supply or oth
not comply with (b).

astic Bobbin Temperature Stability Test
f three samples of a transformer using a thermoplastic bobbin shall, afte

n an air-circulating even and while still in a heated condition, comply with thqg
tage-Withstand Test,"Section 16. The oven temperature is to be 115°C (239°H

ulation resistance shall not be less than 10 megohms when measured betweeh:

part(s);

and

ng(s).

hassis (in the
metal parts of

chassis parts
er hazardous

r 7 hours of
Transformer

).
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20 Insulating Materials Equivalence Test

20.1 Each insulating material used in the transformer as specified in 12.1 shall comply with 12.5.
Alternatively, if at least two layers of insulation in a given use are part of the construction, compliance may
be determined by subjecting these insulating materials to the equivalence test described in 20.2 — 20.4 if
complete samples of the transformers are also subjected to the Insulating System Tests, Section 21.

20.2 Two samples of each type or combination of insulating material used in the transformer construction
are to be tested with any one layer of insulation removed. Each sample of material layer is to be placed
on a smooth steel plate and subjected to a force of 4-1/2 pounds-force (20.0 N) exerted by a winding
simulator while undergoing thermal conditioning. The winding simulator is to consist of two 20 AWG (0.52
mm?) solid aluminum or tin plated steel wires secured to a 1-1/8 inch by 1/2 inch by 1/4 inch (28.6 mm by

12.7 mm by
20.1. The ba
the flat side
dielectric test
insulating mg
sample layer|
adhesive sid

.4 mm) aluminum bIock n a parallel configuration, spaced 174 inch apart as sh
I-pressure apparatus shown in Figure 20.2 is to be used to apply the force te
of the winding simulator. The test samples are to be of sufficient size.so t
described in 20.4 is conducted, electrical discharge does not occur around the
terial. When the insulating material is provided with adhesive on-one side on
5 are to be placed with the adhesive side up and the other set.of sample |4
b down. The samples are to be conditioned at a temperature of 105°C (221

bwn in Figure
the center of
hat when the
edges of the
y, one set of
yers with the
’F) for seven

hours.

Figure 20.1
Winding simulatot

) 1/2 1
(127

NCH
mm)

—1/8 INCH
(Z86mm)

||

S3485
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Figure 20.2
Ball-pressure apparatus

/— WINDING SIMULATOR

S1598A

20.3 The co
described in

20.4 Each s
dielectric pote
and the wind
increased fro

21 Insulating
21.1 Generd
21.1.1 The s

21.4.1, and,
Transformer

SPHERICAL /

R 2.5mm(0.098in.)

SAMPLE

pditioned samples are to be removed fiom the oven and immediately subject
P0.4.

bt of conditioned insulating materials shall withstand for 1 minute an essentig
bntial of 2875 volts, with a frequency between 40 and 70 hertz, between the low
ing simulator with the hall~pressure apparatus in place. The applied test potg
n zero to 2875 volts at a“uniform rate of approximately 500 volts per second.

System Tests

amples.of the transformer specified in 21.3.1 shall comply with the requiremen
after_being conditioned in accordance with 21.2.1 and 21.2.2 are to be suf

bd to the test

lly sinusoidal
er steel plate
ntial is to be

s specified in
jected to the

Dielectric Voltage-Withstand Test. Section 16. and to the voltage surge tes

t specified in

21.41-2143.
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21.2 Conditioning

21.2.1 Ten "as-received” samples of the transformer are to be thermally conditioned in an air-circulating
oven at 170°C (338°F) for 300 hours. The samples are then to be removed from the oven and allowed to
cool to room temperature before being subjected to the Transformer Dielectric Voltage-Withstand Test,
Section 16.

21.2.2 Ten "as-received” samples are to be subjected to humidity conditioning for at least 10 hours in a
chamber maintained at 50 +5 percent relative humidity at a temperature of 14.0 £+2.0°C (57.2 +3.6°F).
Following the above conditioning, the samples are to be conditioned for another 48 hours at 88 +2 percent

relative humidity at a temperature of 32.0 £2.0°C (89.6 +3.6°F).

21.3 Dielectr

21.3.1 The't
immediately

21.4 Voltage

21.4.1 Imme|
conditioned

tissue-paper-
four discharg
of 5 second
tissue-paper
as determing|

21.4.2 The d

C voltage-withstand

bn samples that were subjected to the humidity conditioning describeghin 21.
bubjected to the Transformer Dielectric Voltage-Withstand Test, Section 16.

surge

diately following the dielectric withstand test, each of the ten samples that
And each of the ten samples that were thermally conditioned are to be
covered softwood surface, covered with a single layer0f cheesecloth, and ther
s (applied from the supply circuit windings to the“iselated circuit windings) wi
5 between discharges. The voltage surge shall hot result in either the ch
hlowing or flaming or failure of insulation between the supply circuit and the isol

rcuit for performing the voltage-surge-test is illustrated in Figure 21.1.

0 by conducting the Transformer Dielectric ¥oltage-Withstand Test, Section 1§.

P.2 are to be

vere humidity
placed on a
subjected to
th an interval
eesecloth or
hted windings
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T

Figure 21.1
Circuit for voltage surge

ac

agee

| |

Q

S3293

Vae — 120 volt, 6

T, — Optional iso
the pulse from e

F — Plug fuse ra|

L — Choke cong
approximately 3

0 hertz, 30 amperes voltage source.

ation transformer for pulse blocking, 120 volts, 3 kilovolt-amperes, minimum. Isolation must be pr
htering the supply SourCe and breaking down wiring, switches, receptacles, or the like.

ed 30 ampéres; 125 volts.

144 By 3-1/2 by 5/8 inch (82.6 mm by 88.9 mm by 15.9 mm) ferrite core. Each coil is to consist

isting of two coils of 16 AWG (1.3 mm?) solid film-coated copper wire wound on insulating tub

vided to prevent

s placed on an
of approximately

7-1/2 feet (2.29

m) of wire wound Into 30 turns. The two colls are 10 be connected In CIrcuitry such that the magn

tic flux is aiding,

thereby producing an effective inductance and resistance of each coil of approximately 3 millihenries and 0.03 ohms, respectively.

Tt — Transforme

r under test.

S — High-voltage switch.

Cq4 — Dump capacitor having a capacitance value of 0.01 microfarad.

Ve — 10-kilovolt

direct-current source of supply.
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