Split ac wiring diagram

A modular connector is a type of electrical connector for cords and cables of electronic devices
and appliances, such in computer networking, telecommunication equipment, and audio
headsets. Modular connectors were originally developed for use on specific Bell System
telephone sets in the s, and similar types found use for simple interconnection of
customer-provided telephone subscriber premises equipment to the telephone network. The
Federal Communications Commission FCC mandated in an interface registration system, in
which they became known as registered jacks. The convenience of prior existence for designers
and ease of use led to a proliferation of modular connectors for many other applications. Many
applications that originally used bulkier, more expensive connectors have converted to modular
connectors. Probably the best known applications of modular connectors are for telephone and
Ethernet. Accordingly, various electronic interface specifications exist for applications using
modular connectors, which prescribe physical characteristics and assign electrical signals to
their contacts. Modular connectors are often referred to as modular phone jack and plug , RJ
connector , and Western jack and plug. The term modular connector arose from its original use
in modular wiring components of telephone equipment by the Western Electric Company in the
s. Registered jack designations describe the signals and wiring used for voice and data
communication at customer-facing interfaces of the public switched telephone network. It is
common to use a registered jack number to refer to the physical connector itself; for instance,
the 8P8C modular connector type is often inaccurately labeled RJ45 because the registered jack
standard of that name specified 8P8C modular connectors. A common use of 8P8C connectors
is Ethernet over twisted pair. Likewise, the 4P4C connector is sometimes erroneously called
RJ9 or RJ22 â€”no such official designations existâ€”and various six-position modular
connectors may be incorrectly called RJ The patents by Edwin C. In , these connectors were
standardized nationally in the United States by the Registration Interface program of the Federal
Communications Commission FCC , which designated a series of Registered Jack RJ
specifications for interconnection of customer-premises equipment to the public switched
telephone network PSTN. Modular connectors have gender : plugs are considered to be male ,
while jacks or sockets are considered to be female. Plugs are used to terminate cables and
cords, while jacks are used for fixed locations on surfaces of walls, panels, and equipment.
Other than telephone extension cables, cables with a modular plug on one end and a jack on the
other are rare. Instead, cables are usually connected using a female-to-female coupler, having
two jacks wired back-to-back. Modular connectors are designed to latch together. As a plug is
inserted into a jack, a plastic tab on the plug locks so that the plug cannot be pulled out. To
remove the plug, the latching tab must be depressed against the plug to clear the locking edge.
The standard orientation for installing a jack in a wall or panel is with the tab down. The latching
tab may easily snag on other cables and break off resulting in loss of the secure latching
feature. To prevent this, tabs are often protected with a boot over the plug, or a special tab
design, on snagless cords. Most protective boots must be installed onto a cable before the
modular plug is crimped on. This means that field retrofitting of these types of boots is not
possible. However, protective boots or rigid protective ramp adapters are available which can
be snapped over an installed unprotected modular plug. Modular connectors are designated
using two numbers that represent the maximum number of contact positions and the number of
installed contacts, with each number followed by P and C , respectively. For example, 6P2C is a
connector having six positions and two installed contacts. When not installed, contacts are
usually omitted from the outer positions inward, such that the number of contacts is almost
always even. The connector body positions with omitted or unconnected contacts are unused
for the electrical connection but ensure that the plug fits correctly. For instance, RJ11 cables
often have connectors with six positions and four contacts, to which are attached just two
wires. The contact positions are numbered sequentially starting from 1. When viewed head-on
with the retention mechanism on the bottom, jacks will have contact position number 1 on the
left and plugs will have it on the right. Contacts are numbered by the contact position. For
example, on a six-position, two-contact plug, where the outermost four positions do not have
contacts, the innermost two contacts are numbered 3 and 4. Modular connectors are
manufactured in four sizes, with 4-, 6-, 8-, and positions. The insulating plastic bodies of 4P and
6P connectors have different widths, whereas 8P or 10P connectors share an even larger body
width. Internally, the contacts on the plugs have sharp prongs that, when crimped , pierce the
wire insulation and connect with the conductor, a mechanism known as insulation
displacement. Ethernet cables, in particular, may have solid or stranded tinsel wire conductors
and the sharp prongs are different in the 8P8C connectors made for each type of wire. A
modular plug for solid single-strand wire often has three slightly splayed prongs on each
contact to securely surround and grip the conductor. Modular plugs for stranded have prongs
that are designed to connect to multiple wire strands. Connector plugs are designed for either

solid or stranded wire and a mismatch between plug and wire type may result in an unreliable
connection. Some modular connectors are indexed , meaning their dimensions are intentionally
non-standard, preventing connections with connectors of standard dimensions. The means of
indexing may be non-standard cross-sectional dimensions or shapes, retention mechanism
dimensions or configuration. For example, a Modified Modular Jack using an offset latching tab
was developed by Digital Equipment Corporation to prevent accidental interchange of data and
telephone cables. The dimensions of modular connectors are such that a narrower plug can be
inserted into a wider jack that has more positions than the plug, leaving the jack's outermost
contacts unconnected. The contact spacing is always 1. However, not all plugs from all
manufacturers have this capability, and some jack manufacturers warn that their jacks are not
designed to accept smaller plugs without damage. If an inserted plug lacks slots to
accommodate the jack's contacts at the outermost extremes, it may permanently deform those
outermost contacts of an incompatible jack. Excessive resistance may be encountered when
inserting an incompatible plug, as the outermost contacts in the jack are forcibly deformed.
Special modular plugs have been manufactured for example, the Siemon UP [5] which have
extra slots beyond their standard contacts, to accommodate the wider jack's outermost
contacts without damage. These special plug connectors can be visually identified by carefully
looking for the extra slots molded into the plug. The molded plastic bodies of the special plugs
may also be colored with a light blueish tinge, to aid in quick recognition. The special plugs are
preferred for test equipment and adapters, which may be rapidly connected to a large number of
corresponding connectors in quick succession for testing purposes. The use of the special
plugs avoids inadvertent damage to the equipment under test, even when a narrower plug is
inserted into a nominally incompatible wider jack. Termination of cables with modular
connectors is similar across the various number of positions and contacts in the plug. The
crimping tool contains a die which is often exchangeable and is closely matched to the shape
and pin count of the modular plug. A crimping die-set looks similar to an 8P8C jack, except for
the eight teeth lining the top portion of the die. When the tool is operated, the die compresses
around the 8P8C plug. As the die compresses, these teeth force the plug contacts into the
conductors of the cable being terminated. The crimper may also permanently deform part of the
plastic plug body in such a way that it grips the outer sheath of the cable for secure fastening
and strain relief. These actions permanently attach the plug to the cable. The contact
assignments pinout of modular connectors vary by application. For other applications,
standardization may be lacking; for example, multiple conventions exist for the use of 8P8C
connectors in RS applications. For this reason, D-sub -to-modular adapters are typically
shipped with the D-sub contacts pins or sockets terminated but not inserted into the connector
body, so that the D-sub-to-modular contact pairing can be assigned as needed. The
four-position four-conductor 4P4C connector is the standard modular connector used on both
ends of telephone handset cords, and is therefore often called a handset connector. This
handset connector is not a registered jack , because it was not intended to connect directly to
telephone lines. Handsets and often headsets for use with telephones commonly use a 4P4C
connector. The two center pins are commonly used for the receiver, and the outer pins connect
the transmitter so that a reversal of conductors between the ends of a cord does not affect the
signal routing. This may differ for other equipment, including hands-free headsets. The
connector provided power to the keyboard on the outer two contacts and received data signals
on the inner pair. The cable between the computer and the keyboard was a coiled cord with an
appearance very similar to a telephone handset cable. The connector wiring on the Apple
computers, however, required a polarized straight through pinout. Modular connectors are often
used for data links, such as serial line connections, because of their compact dimensions. For
example, some DirecTV set top boxes include a 4P4C data port connector with an adapter cord
to a computer serial port so that remote control is possible from the computer. Modular plugs
are described by the maximum number of physical contact positions and the actual number of
contacts installed in these positions. These interfaces use the same six-position modular
connector body, but have different numbers of pins installed. RJ11 is a physical interface often
used for terminating single telephone lines. RJ14 is similar, but for two lines, and RJ25 is for
three lines. RJ61 is a similar registered jack for four lines, but uses an 8P8C connector. Two of
its six possible contact positions connect tip and ring , and the other two contact positions may
be unused or provide low-voltage power for night-light or other features on the telephone set. In
some installations an extra contact was also required for the ground connection for selective
ringers. The pins of the 6P6C connector are numbered 1 to 6, counting left to right when holding
the connector tab side down with the opening for the cable facing the viewer. However, with
German domestic telephone equipment, and that in some neighboring countries, 6P4C plugs
and sockets are typically only used to connect the telephone cord to the phone base unit,

whereas the mechanically different TAE connector is used at the other end to connect to a
service provider interface. Further, flat DIN cables typically place the wires in ascending order.
When used directly with 6P4C plugs, the color coding may be undetermined. While the
telephone line on pins 3 and 4 red and green supplies enough power for most telephone
terminals, old telephone terminals with incandescent lights, such as the Western Electric
Princess and Trimline telephones , need more power than the phone line can supply. Typically,
the power on pins 2 and 5 is supplied by an AC adapter plugged into a nearby power outlet
which potentially even supplies power to all of the jacks in the house. Only RJ11 and RJ14 have
full electrical compatibility because Ethernet-compatible pin-outs split the third pair of RJ25
across two separate cable pairs, rendering that pair unusable by an analog phone. Both the
third and fourth pairs of RJ61 are similarly split. The incompatible TA and TB layouts were
necessary to preserve the electrical properties of the third and fourth pairs for Ethernet, which
operates at much higher frequencies than analog telephony. The 8 position 8 contact 8P8C
connector is a modular connector commonly used to terminate twisted pair and multi-conductor
flat cable. An 8P8C modular connection consists of a male plug and a female jack, each with
eight equally-spaced contacts. On the plug, the contacts are flat metal bars positioned parallel
to the connector body. Inside the jack, the contacts are metal spring wires angled away from the
insertion interface. When the plug is mated with the jack, the contacts meet and create an
electrical connection. The spring tension of the jack contacts ensures a good interface.
Although commonly referred to as RJ45 in the context of Ethernet and category 5 cables , RJ
originally refers to a specific wiring configuration of an 8P8C connector. The original RJ45S [a]
was intended for high-speed modems, and is obsolete. The RJ45S jack mates with a keyed
8P2C modular plug, [14] [15] and has pins 4 and 5 the middle positions wired for the ring and tip
conductors of a single telephone line and pins 7 and 8 shorting a programming resistor.
Telephone installers who wired RJ45S modem jacks or RJ61X telephone jacks were familiar
with the pin assignments of the standard. However, the standard un-keyed modular connectors
became ubiquitous for computer networking and informally inherited the name RJ This
standard does not use the short term 8P8C and covers more than just 8P8C modular
connectors, but the 8P8C modular connector type is the eight position connector type
described therein, with eight contacts installed. The drawings to the right show that the copper
connections and pairing are the same, the only difference is that the orange and green pairs
colors are swapped. Before the widespread acceptance of auto MDI-X capabilities, a crossover
cable was needed to interconnect similar network equipment such as Ethernet hubs to Ethernet
hubs. Crossover cables are sometimes still used to connect two computers together without a
switch or hub, however most network interface cards NIC in use today implement auto MDI-X to
automatically configure themselves based on the type of cable plugged into them. While both
types are similar, the tooling used to install the two different plug types cannot be interchanged.
Both types of 8P8C plugs are available in shielded and unshielded varieties for different
attenuation tolerances as needed. Shielded plugs are more expensive and require shielded
cable, but have a lower attenuation, and may reduce signal noise. Although a narrower 4-pin
and 6-pin connector fits into the wider 8-pin jack, the smaller connector can potentially damage
the springs of a larger jack, because the body of the smaller connector press onto the contacts.
The body of a 6P6C or 4P4C plug typically projects out by more than one millimeter further than
the contacts and presses the outermost contacts of the larger connector further than if a
full-size connector were inserted. Most wired Ethernet network communications today are
carried over Category 5e or Category 6 cable with an 8P8C modular plug crimped on each end.
In floodwired [b] environments the center blue pair is often used to carry telephony signals.
Where so wired, the physical layout of the 8P8C modular jack allows for the insertion of an RJ11
plug in the center of the jack, provided the RJ11 plug is wired in true compliance with the U. The
formal approach to connect telephony equipment is the insertion of a type-approved converter.
The remaining brown pair is increasingly used for Power over Ethernet PoE. Legacy equipment
may use just this pair; this conflicts with other equipment, because some manufacturers
previously short circuited unused pairs to reduce signal crosstalk. There is now a standardized
wiring scheme for Power over Ethernet. Labels and manufacturer's documentation should be
consulted whenever an unfamiliar connector is first encountered. Frequently the pinout is
different, usually mirrored i. In landline telephony, an 8P8C jack is used at the point a line enters
the building to allow the line to be broken to insert automatic dialing equipment, including
intrusion alarm panels. In analog mobile telephony, the 8P8C connector was used to connect an
AMPS cellular handset to its separate base unit; this usage is now obsolete. Commonly and
incorrectly referred to as "RJ45", the physical connector is standardized as the IEC 8P8C
modular connector with different "categories" of performance. The original RJ45S [14] [20]
keyed 8P2C modular connector had pins 5 and 4 wired for tip and ring of a single telephone line

and pins 7 and 8 shorting a programming resistor, but is obsolete today. Electronics catalogs
commonly advertise 8P8C modular connectors as "RJ45". A router to router crossover cable
uses two 8 position connectors and a UTP Unshielded Twisted Pair cable with differently wired
connectors at each end. Although a registered jack specifies the wiring pattern and
corresponding form factor rather than just the pin assignments or the physical connector,
crossover cables are often incorrectly marketed as "RJ45 crossover cables". The 10P10C
connector is commonly referred to as an RJ50 connector, although this was never a standard
registered jack in the Universal Service Order Codes. The 10P10C has 10 contact positions and
10 contacts. The most common uses of the 10P10C connector are in proprietary data transfer
systems, [21] such as the Digiboard [22] and Equinox Super-Serial multi-port TIA adapters. In
the latter case, a keyed 10P10C plug with a protrusion on the pin 1 side near the back is used.
This connector is also used by some vendors, for example, Cyclades later absorbed by Equinox
used pin 1 as an "RI" ring indicator signal, which is seldom used, allowing an 8P8C plug to be
inserted to their 10P10C socket for most applications. FordNet , a five-pair communications
networking medium, also used the 10P10C between terminals. Motorola uses the pin connector
as a microphone connector in several of their mobile radio product lines. Polycom utilizes this
connector on their Conference Link bus to connect their HDX and Group Series codecs and
microphones to their SoundStructure audio mixers, although pins 1 and 10 are not used. The
pin connector is also used by Demag Cranes AG [23] in some pendant connections. National
Instruments is also using the 10p10c connector for their NI From Wikipedia, the free
encyclopedia. Electrical connector commonly used in telephone and computer networks.
Contacts for solid wire top left and stranded wire bottom right. The colors shown above were
taken from a vendor of "silver satin" flat 8-conductor phone cable that claims to be standard.
The scheme shown here is the correct color code for interfacing with the RJ connector
standards. McGraw-Hill Professional. Archived from the original on Each end of a handset cord
is wired opposite the other However, RJ actually applies to a special purpose jack configuration
that is not used in LAN or standard telephone wiring. This is not really the correct moniker,
although it is in very common use. The RJ registered jack prefix is one of the most widely and
incorrectly used prefixes in the computer industry; nearly everyone, including people working
for cabling companies, is guilty of referring to an eight-position modular jack sometimes called
an 8P8C as an RJ October 3, Structured cable systems. However, the RJ wiring pattern which
includes an interface programming resistor is so radically different from that of TA and B that it
really should not be called by that name at all. Archived from the original PDF on Retrieved
Harrisburg, Pennsylvania : Tyco Electronics. Audio and video interfaces and connectors.
Unshielded and shielded twisted pair cabling standards. Hidden categories: All articles with
unsourced statements Articles with unsourced statements from October Articles with short
description Short description is different from Wikidata Use American English from December
All Wikipedia articles written in American English Articles with unsourced statements from May
Articles with unsourced statements from February Articles with unsourced statements from
September Commons category link is on Wikidata. Namespaces Article Talk. Views Read Edit
View history. Help Learn to edit Community portal Recent changes Upload file. Download as
PDF Printable version. Wikimedia Commons. Pin numbering on plug. Connected pins on plug
and jack have the same number. Wikimedia Commons has media related to Modular
connectors. A diode is a two- terminal electronic component that conducts current primarily in
one direction asymmetric conductance ; it has low ideally zero resistance in one direction, and
high ideally infinite resistance in the other. A diode vacuum tube or thermionic diode is a
vacuum tube with two electrodes , a heated cathode and a plate , in which electrons can flow in
only one direction, from cathode to plate. A semiconductor diode , the most commonly used
type today, is a crystalline piece of semiconductor material with a pâ€”n junction connected to
two electrical terminals. The discovery of asymmetric electrical conduction across the contact
between a crystalline mineral and a metal was made by German physicist Ferdinand Braun in
Today, most diodes are made of silicon , but other semiconducting materials such as gallium
arsenide and germanium are also used. The most common function of a diode is to allow an
electric current to pass in one direction called the diode's forward direction , while blocking it in
the opposite direction the reverse direction. As such, the diode can be viewed as an electronic
version of a check valve. This unidirectional behavior is called rectification , and is used to
convert alternating current ac to direct current dc. Forms of rectifiers , diodes can be used for
such tasks as extracting modulation from radio signals in radio receivers. However, diodes can
have more complicated behavior than this simple onâ€”off action, because of their nonlinear
current-voltage characteristics. The voltage drop across a forward-biased diode varies only a
little with the current, and is a function of temperature; this effect can be used as a temperature
sensor or as a voltage reference. Also, diodes' high resistance to current flowing in the reverse

direction suddenly drops to a low resistance when the reverse voltage across the diode reaches
a value called the breakdown voltage. A semiconductor diode's currentâ€”voltage characteristic
can be tailored by selecting the semiconductor materials and the doping impurities introduced
into the materials during manufacture. Diodes, both vacuum, and semiconductor can be used
as shot-noise generators. Thermionic vacuum-tube diodes and solid-state semiconductor
diodes were developed separately, at approximately the same time, in the early s, as radio
receiver detectors. In , Frederick Guthrie observed that a grounded, white-hot metal ball brought
in close proximity to an electroscope would discharge a positively charged electroscope, but
not a negatively charged electroscope. In , Thomas Edison observed unidirectional current
between heated and unheated elements in a bulb, later called Edison effect , and was granted a
patent on application of the phenomenon for use in a DC voltmeter. About 20 years later, John
Ambrose Fleming scientific adviser to the Marconi Company and former Edison employee
realized that the Edison effect could be used as a radio detector. Fleming patented the first true
thermionic diode, the Fleming valve , in Britain on November 16, [12] followed by U. Patent , in
November Throughout the vacuum tube era, valve diodes were used in almost all electronics
such as radios, televisions, sound systems, and instrumentation. They slowly lost market share
beginning in the late s due to selenium rectifier technology and then to semiconductor diodes
during the s. Today they are still used in a few high power applications where their ability to
withstand transient voltages and their robustness gives them an advantage over semiconductor
devices, and in musical instrument and audiophile applications. In , German scientist Karl
Ferdinand Braun discovered the "unilateral conduction" across a contact between a metal and a
mineral. Semiconductor principles were unknown to the developers of these early rectifiers.
During the s understanding of physics advanced and in the mid s researchers at Bell Telephone
Laboratories recognized the potential of the crystal detector for application in microwave
technology. In , Sylvania began offering the 1N34 crystal diode. At the time of their invention,
asymmetrical conduction devices were known as rectifiers. The word diode , however, as well
as triode , tetrode , pentode , hexode , were already in use as terms of multiplex telegraphy.
Although all diodes rectify , the term rectifier is usually applied to diodes intended for power
supply application in order to differentiate them from diodes intended for small signal circuits.
A thermionic diode is a thermionic-valve device consisting of a sealed, evacuated glass or metal
envelope containing two electrodes : a cathode and a plate. The cathode is either indirectly
heated or directly heated. If indirect heating is employed, a heater is included in the envelope. A
directly heated cathode is made of tungsten wire and is heated by a current passed through it
from an external voltage source. An indirectly heated cathode is heated by infrared radiation
from a nearby heater that is formed of Nichrome wire and supplied with current provided by an
external voltage source. The operating temperature of the cathode causes it to release electrons
into the vacuum, a process called thermionic emission. The cathode is coated with oxides of
alkaline earth metals , such as barium and strontium oxides. These have a low work function ,
meaning that they more readily emit electrons than would the uncoated cathode. The alternating
voltage to be rectified is applied between the cathode and the plate. When the plate voltage is
positive with respect to the cathode, the plate electrostatically attracts the electrons from the
cathode, so a current of electrons flows through the tube from cathode to plate. When the plate
voltage is negative with respect to the cathode, no electrons are emitted by the plate, so no
current can pass from the plate to the cathode. Point-contact diodes were developed starting in
the s, out of the early crystal detector technology, and are now generally used in the 3 to 30
gigahertz range. Non-welded contact construction utilizes the Schottky barrier principle. The
metal side is the pointed end of a small diameter wire that is in contact with the semiconductor
crystal. A pâ€”n junction diode is made of a crystal of semiconductor , usually silicon, but
germanium and gallium arsenide are also used. Impurities are added to it to create a region on
one side that contains negative charge carriers electrons , called an n-type semiconductor , and
a region on the other side that contains positive charge carriers holes , called a p-type
semiconductor. When the n-type and p-type materials are attached together, a momentary flow
of electrons occurs from the n to the p side resulting in a third region between the two where no
charge carriers are present. This region is called the depletion region because there are no
charge carriers neither electrons nor holes in it. The diode's terminals are attached to the n-type
and p-type regions. The boundary between these two regions called a pâ€”n junction , is where
the action of the diode takes place. When a sufficiently higher electrical potential is applied to
the P side the anode than to the N side the cathode , it allows electrons to flow through the
depletion region from the N-type side to the P-type side. The junction does not allow the flow of
electrons in the opposite direction when the potential is applied in reverse, creating, in a sense,
an electrical check valve. Another type of junction diode, the Schottky diode , is formed from a
metalâ€”semiconductor junction rather than a pâ€”n junction, which reduces capacitance and

increases switching speed. A semiconductor diode's behavior in a circuit is given by its
currentâ€”voltage characteristic , or Iâ€”V graph see graph below. The shape of the curve is
determined by the transport of charge carriers through the so-called depletion layer or depletion
region that exists at the pâ€”n junction between differing semiconductors. When a pâ€”n
junction is first created, conduction-band mobile electrons from the N- doped region diffuse into
the P- doped region where there is a large population of holes vacant places for electrons with
which the electrons "recombine". When a mobile electron recombines with a hole, both hole
and electron vanish, leaving behind an immobile positively charged donor dopant on the N side
and negatively charged acceptor dopant on the P side. The region around the pâ€”n junction
becomes depleted of charge carriers and thus behaves as an insulator. However, the width of
the depletion region called the depletion width cannot grow without limit. For each
electronâ€”hole pair recombination made, a positively charged dopant ion is left behind in the
N-doped region, and a negatively charged dopant ion is created in the P-doped region. As
recombination proceeds and more ions are created, an increasing electric field develops
through the depletion zone that acts to slow and then finally stop recombination. At this point,
there is a "built-in" potential across the depletion zone. If an external voltage is placed across
the diode with the same polarity as the built-in potential, the depletion zone continues to act as
an insulator, preventing any significant electric current flow unless electronâ€”hole pairs are
actively being created in the junction by, for instance, light; see photodiode. This is called the
reverse bias phenomenon. However, if the polarity of the external voltage opposes the built-in
potential, recombination can once again proceed, resulting in a substantial electric current
through the pâ€”n junction i. For silicon diodes, the built-in potential is approximately 0. Thus, if
an external voltage greater than and opposite to the built-in voltage is applied, a current will
flow and the diode is said to be "turned on" as it has been given an external forward bias. The
diode is commonly said to have a forward "threshold" voltage, above which it conducts and
below which conduction stops. However, this is only an approximation as the forward
characteristic is smooth see I-V graph above. A diode's Iâ€”V characteristic can be
approximated by four regions of operation:. In a small silicon diode operating at its rated
currents, the voltage drop is about 0. The value is different for other diode typesâ€” Schottky
diodes can be rated as low as 0. At higher currents, the forward voltage drop of the diode
increases. The Shockley ideal diode equation or the diode law named after the bipolar junction
transistor co-inventor William Bradford Shockley gives the Iâ€”V characteristic of an ideal diode
in either forward or reverse bias or no bias. The thermal voltage V T is approximately At any
temperature it is a known constant defined by:. The reverse saturation current, I S , is not
constant for a given device, but varies with temperature; usually more significantly than V T , so
that V D typically decreases as T increases. It also assumes that the Râ€”G current in the
depletion region is insignificant. This means that the Shockley ideal diode equation does not
account for the processes involved in the reverse breakdown and photon-assisted Râ€”G.
Additionally, it does not describe the "leveling off" of the Iâ€”V curve at high forward bias due
to internal resistance. Introducing the ideality factor, n, accounts for recombination and
generation of carriers. The reverse breakdown region is not modeled by the Shockley diode
equation. For even rather small forward bias voltages the exponential is very large since the
thermal voltage is very small in comparison. The subtracted '1' in the diode equation is then
negligible and the forward diode current can be approximated by. The use of the diode equation
in circuit problems is illustrated in the article on diode modeling. At forward voltages less than
the saturation voltage, the voltage versus current characteristic curve of most diodes is not a
straight line. In detector and mixer applications, the current can be estimated by a Taylor's
series. Even terms beyond the second derivative usually need not be included because they are
small compared to the second order term. Following the end of forwarding conduction in a
pâ€”n type diode, a reverse current can flow for a short time. The device does not attain its
blocking capability until the mobile charge in the junction is depleted. The effect can be
significant when switching large currents very quickly. During this recovery time, the diode can
actually conduct in the reverse direction. This might give rise to a large constant current in the
reverse direction for a short time while the diode is reverse biased. The magnitude of such a
reverse current is determined by the operating circuit i. Line frequency the effect can be safely
ignored. For most applications, the effect is also negligible for Schottky diodes. The reverse
current ceases abruptly when the stored charge is depleted; this abrupt stop is exploited in step
recovery diodes for the generation of extremely short pulses. Normal pâ€”n diodes, which
operate as described above, are usually made of doped silicon or germanium. Before the
development of silicon power rectifier diodes, cuprous oxide and later selenium was used. Their
low efficiency required a much higher forward voltage to be applied typically 1. The vast
majority of all diodes are the pâ€”n diodes found in CMOS integrated circuits , [34] which

include two diodes per pin and many other internal diodes. Other uses for semiconductor
diodes include the sensing of temperature, and computing analog logarithms see Operational
amplifier applications Logarithmic output. The symbol used to represent a particular type of
diode in a circuit diagram conveys the general electrical function to the reader. There are
alternative symbols for some types of diodes, though the differences are minor. The triangle in
the symbols points to the forward direction, i. Transient-voltage-suppression diode TVS. Typical
diode packages in same alignment as diode symbol. Thin bar depicts the cathode. Most diodes
have a 1-prefix designation e. The JIS semiconductor designation system has all semiconductor
diode designations starting with "1S". The European Pro Electron coding system for active
components was introduced in and comprises two letters followed by the part code. In optics,
an equivalent device for the diode but with laser light would be the Optical isolator , also known
as an Optical Diode, [49] that allows light to only pass in one direction. It uses a Faraday rotator
as the main component. The first use for the diode was the demodulation of amplitude
modulated AM radio broadcasts. The history of this discovery is treated in depth in the crystal
detector article. In summary, an AM signal consists of alternating positive and negative peaks of
a radio carrier wave, whose amplitude or envelope is proportional to the original audio signal.
The diode rectifies the AM radio frequency signal, leaving only the positive peaks of the carrier
wave. The audio is then extracted from the rectified carrier wave using a simple filter and fed
into an audio amplifier or transducer , which generates sound waves. In microwave and
millimeter wave technology, beginning in the s, researchers improved and miniaturized the
crystal detector. Point contact diodes crystal diodes and Schottky diodes are used in radar,
microwave and millimeter wave detectors. Rectifiers are constructed from diodes, where they
are used to convert alternating current AC electricity into direct current DC. Automotive
alternators are a common example, where the diode, which rectifies the AC into DC, provides
better performance than the commutator or earlier, dynamo. Since most electronic circuits can
be damaged when the polarity of their power supply inputs are reversed, a series diode is
sometimes used to protect against such situations. This concept is known by multiple naming
variations that mean the same thing: reverse voltage protection, reverse polarity protection, and
reverse battery protection. Diodes are frequently used to conduct damaging high voltages away
from sensitive electronic devices. They are usually reverse-biased non-conducting under
normal circumstances. When the voltage rises above the normal range, the diodes become
forward-biased conducting. For example, diodes are used in stepper motor and H-bridge motor
controller and relay circuits to de-energize coils rapidly without the damaging voltage spikes
that would otherwise occur. A diode used in such an application is called a flyback diode. Many
integrated circuits also incorporate diodes on the connection pins to prevent external voltages
from damaging their sensitive transistors. Specialized diodes are used to protect from
over-voltages at higher power see Diode types above. This is referred to as diode logic. In
addition to light, mentioned above, semiconductor diodes are sensitive to more energetic
radiation. In electronics , cosmic rays and other sources of ionizing radiation cause noise
pulses and single and multiple bit errors. This effect is sometimes exploited by particle
detectors to detect radiation. A single particle of radiation, with thousands or millions of
electron volt , s of energy, generates many charge carrier pairs, as its energy is deposited in the
semiconductor material. If the depletion layer is large enough to catch the whole shower or to
stop a heavy particle, a fairly accurate measurement of the particle's energy can be made,
simply by measuring the charge conducted and without the complexity of a magnetic
spectrometer, etc. These semiconductor radiation detectors need efficient and uniform charge
collection and low leakage current. They are often cooled by liquid nitrogen. For longer-range
about a centimeter particles, they need a very large depletion depth and large area. For
short-range particles, they need any contact or un-depleted semiconductor on at least one
surface to be very thin. The back-bias voltages are near breakdown around a thousand volts per
centimeter. Germanium and silicon are common materials. Some of these detectors sense
position as well as energy. They have a finite life, especially when detecting heavy particles,
because of radiation damage. Silicon and germanium are quite different in their ability to
convert gamma rays to electron showers. Semiconductor detectors for high-energy particles
are used in large numbers. Because of energy loss fluctuations, accurate measurement of the
energy deposited is of less use. A diode can be used as a temperature measuring device, since
the forward voltage drop across the diode depends on temperature, as in a silicon bandgap
temperature sensor. From the Shockley ideal diode equation given above, it might appear that
the voltage has a positive temperature coefficient at a constant current , but usually the
variation of the reverse saturation current term is more significant than the variation in the
thermal voltage term. The temperature coefficient is approximately constant for temperatures
above about 20 kelvin. Some graphs are given for 1Nx series, [50] and CY7 cryogenic

temperature sensor. Diodes will prevent currents in unintended directions. To supply power to
an electrical circuit during a power failure, the circuit can draw current from a battery. An
uninterruptible power supply may use diodes in this way to ensure that the current is only
drawn from the battery when necessary. Normally, both are charged from a single alternator,
and a heavy-duty split-charge diode is used to prevent the higher-charge battery typically the
engine battery from discharging through the lower-charge battery when the alternator is not
running. Diodes are also used in electronic musical keyboards. To reduce the amount of wiring
needed in electronic musical keyboards, these instruments often use keyboard matrix circuits.
The keyboard controller scans the rows and columns to determine which note the player has
pressed. The problem with matrix circuits is that, when several notes are pressed at once, the
current can flow backward through the circuit and trigger " phantom keys " that cause "ghost"
notes to play. To avoid triggering unwanted notes, most keyboard matrix circuits have diodes
soldered with the switch under each key of the musical keyboard. The same principle is also
used for the switch matrix in solid-state pinball machines. Diodes can be used to limit the
positive or negative excursion of a signal to a prescribed voltage. A diode clamp circuit can take
a periodic alternating current signal that oscillates between positive and negative values, and
vertically displace it such that either the positive or the negative peaks occur at a prescribed
level. The clamper does not restrict the peak-to-peak excursion of the signal, it moves the whole
signal up or down so as to place the peaks at the reference level. Diodes are usually referred to
as D for diode on PCBs. Sometimes the abbreviation CR for crystal rectifier is used. From
Wikipedia, the free encyclopedia. Electronic component that only allows current to flow in one
direction. For data diodes, see Unidirectional network. For other uses, see Diodes
disambiguation. Main article: Crystal detector. Main article: Rectifier. Main article: pâ€”n diode.
Main article: Schottky diode. Main article: Shockley diode equation. Main article: Electronic
symbol. Light-emitting diode LED. Schottky diode. Tunnel diode. Main article: Clipper
electronics. Main article: Clamper electronics. Electronics portal. Electronic Circuits:
Fundamentals and Applications, 3rd Ed. The Art of Electronics, 2nd Ed. London: Cambridge
University Press. Retrieved Archived from the original on Electronics Engineer's Reference
Book, 4th Ed. IEEE Ind. History of wireless. US: John Wiley and Sons. Scaff, R. XIX, September
10, , p. Torrey, C. North, Asymmetrically Conductive Device , U. Electronics Designers'
Handbook. New York: McGraw-Hill. Bibcode : IEDL British Journal of Applied Physics. Bibcode :
BJAP Bibcode : ITNS Archived from the original on October 11, London: Longmans, Green.
Electronic components. Potentiometer digital Variable capacitor Varicap. Capacitor types
Ceramic resonator Crystal oscillator Inductor Parametron Relay reed relay mercury relay.
Categories : introductions Diodes Semiconductor devices. Namespaces Article Talk. Views
Read Edit View history. Help Learn to edit Community portal Recent changes Upload file.
Download as PDF Printable version. Wikimedia Commons Wikiversity. Wikimedia Commons has
media related to Diodes. Turning the power on and off Protection against faults. Is there a
Constant Voltage all round the Track? There are two ways I could cover track wiring - either give
a detailed explanation of why a particular size of wire is needed, or just give a simple guide to
what to do. No doubt some readers will just want the simple approach, and others will want the
reasons, facts figures, graphs etc. I aim to provide answers for both sort of reader - read on for
the what to do guide - the reasons, facts figures, graphs etc are in the next article in this series.
For lower powered cars the principles are identical, but lower thinner wiring will suffice. A lot of
clubs now use electronic power supplies in place of batteries - these rules apply equally well to
both but I won't keep repeating "battery or power supply". Ideally use separate feed wires from
the positive battery terminal for each socket. Its important to keep these wires short, so for
example if the feed wires can be 5m shorter if they connect 5m from half way round, then go for
the shorter wire. The extra feeds should be distributed evenly round the lap length. Well if you
use a resistance controller either will work. If you try to use a transistorised controller, the
wiring with the big green tick will work fine and your car will go forward. However the wiring on
the lower part of Diagram T will blow up your transistorised controller and none of your cars will
go anywhere even on a correctly wired track until your controller is repaired Probably with a
new transistor. Why does it make any difference to your controller which way the track is wired?
Looking at the controller socket the standard wiring Top of Diagram T has the E terminal the
brake wired negative and the L terminal the power connection wired positive. Transistorised
controllers are designed to work this way round. This connects the transistors back to front, so
they will not work, and unless you are very lucky they are destroyed this happens far quicker
than you can unplug the controller, and faster than a fuse can blow. Unfortunately there is no
simple change that can be made to a controller to get round this problem - the only simple
solutions are to wire the track properly or use a resistance controller. Do you always want to
run the track in one direction? Running in the opposite direction gives effectively a different

circuit to race on - some layouts work well in either direction. Cars will deslot in different places
in the reverse direction so the marshalling positions will often be significantly different, and
there can be a higher risk of cars landing in awkward places like under the bridge. Some of the
imperfections in track building upset cars much more in one direction than the other. If you
want to run either type of car without having to rewire each car, or you want the option of
running either way round the track without swapping over the wires on the car - the track needs
to be wired to allow either. Many clubs now run both types of car, unless you are quite sure the
track will only be used for one type, I recommend the track is wired top allow both types of car.
The right way to do it is to swap over the connections to the lane on the track side of the
controller socket as shown in Diagram U. Cars wired to standard will run in the reverse direction
with the switch in the position. These are carrying the full power to the cars so. If you envisage
frequent changes between the wiring polarity, its convenient to use relays and have the
switches at race control. Switches on the drivers rostrum are an option - this makes it easier for
the sensible drivers - but gives more opportunities to the less sensible for messing about. IF the
track polarity is reversible, the lap counters will also need to be suitable for running in both
directions - this is covered in the Lap Counter article. Turning the power on and off. This should
be mounted between the power supply and the socket as shown. This removes power from the
controller when track power is turned off which can be very useful if a faulty controller is
plugged in. The power relay should have contacts rated to carry the maximum current a car will
take. A separate contact for each lane is ideal. A separate relay for each lane is a good idea - it
allows individual lanes to be switched off which can be useful in holding cars on the start line.
These relays are available for a few pounds each, and are commonly used in full size cars.
Protection against faults. The fuse shown in Diagram V protects the track wiring and minimises
damage to controllers in the event of a faulty or incorrectly wired controller or other dead short
circuits. Domestic 15amp fusewire 0. Just in case you were wondering - a couple of cm. Some
American tracks use a 10 amp. It's also likely to have a small resistance which may slightly
reduce the brakes. With separate stud connections, the careless competitor has the opportunity
to wire up his controller wrongly every time he plugs into the track. With a 3 pin connector once
the plug is wired up right you cannot go wrong. The standard wiring for the studs on American
tracks is. It would suit slot cars very well if the voltage arriving at the motor was always the
same whenever you put your thumb hard down. There is a popular misconception that copper
wire has no resistance - this is not true - the first thing to understand is that copper wiring has
resistance and that resistance is enough to reduce the voltage to your car by a very noticeable
amount. There is also a misconception that car batteries produce a constant voltage under
varying loads - this is not true either - the voltage drops with increasing load. Generally,
electronic power supplies provide a more constant voltage than a battery. The combination of
these voltage drops is the reason the lights on your full size car go dim when you turn over the
starter motor. Certainly adequate power is needed all the way round, but less power is
"adequate" in a bend where you cannot put your controller full down than on a straight where
cars are accelerating on full power. As long as the power available on any particular part of the
track is the same every lap, it just becomes part of learning the track Drivers learn to deal with
the different levels of power just as they learn to deal with different radii bends on different
parts of the track. The voltage from some club batteries go down slowly by half a volt during a 3
min race, and the drivers naturally compensate by braking a little later and applying a bit more
throttle in corners without realising they were doing it. What drivers cannot compensate for is
power going up and down by the split second depending on how much power the other cars are
taking. Separate wiring to each lane is important. If the wiring is common see "wrong! So the
power to all the lanes will go up by 1 volt when one car brakes, and the power on all the lanes
goes down again when the driver on one lane puts his thumb down. With separate wiring each
lane has the same voltage available regardless of what the other lanes are doing! If you just
want a simple what to do guide go to the top of this page. The power for the cars comes from
the track power supply - traditionally this was a car battery with some sort of charger. These
days the use of batteries is less common. For home set type cars low cost unregulated power
supplies can be used. A 12 volt car battery is a good source of high current dc at a fairly
constant voltage, and was the standard choice for many years although they are now less
common. The battery needs to be recharged otherwise it'll go flat fairly quickly. The voltage
from a battery is at best only fairly constant. So what do you need in a battery charger? This
means only a few amps of charging current, and unfortunately means that high powered cars
will drain the battery rather much more quickly than the trickle charger can replace it. This is
how traditional car charging systems work, and in the early days of slot racing car parts were
the most common way of doing it. An electronically regulated supply is usually used - ideally 10
amps per lane e. So what do you need in a power supply without battery? You need a power

supply that can give each motor the maximum current amps it needs. That means the maximum
motor current multiplied by the number of lanes. A 75 amp supply shared between 4 lanes
seems to work fine. Is a higher current power supply a acceptable? Even for home set use it
makes sense to buy a big enough supply to cope with the highest current motors you are likely
to want to run. Cost is a reason for not going too far above the current you need. Higher current
power supplies will put more current into a fault, so protection against faults is important. Does
lap length makes a difference to what power supply is needed? Some electronic power supplies
can be connected in parallel satisfactorily, some cannot. The best way to avoid this problem is
to connect supplies to lanes individually - so for example if you have two 40 amp supplies for
your 4 lane track connect two lanes to one power supply and the other two lanes to the other
power supply as shown in the diagram below. There seem to be plenty of suitable power
supplies about. The output voltage is adjustable, they are used on the fixed Adjustable Voltage
Power supplies with an adjustable voltage are often used on slot tracks. Many clubs simply
want a fixed voltage, and never make use of the voltage adjustment. Adjustable voltage
provides a useful way of reducing power, for example when opening a track to the public see
section 7. Capacitors - some tracks particularly in North America use large capacitors
connected to the power supplies. I haven't measured the supply on a track with these fitted so
I'll only offer a theoretical observation. The capacitors will maintain the the track voltage over
very short periods fractions of a second of high current load, which can help with the peak
current when starting from rest. They should also be useful for reducing ac ripple ac ripple was
a problem with simple mains frequency transformer power supplies, but shouldn't be a problem
with switch mode power supplies. There is no guarantee all power supplies will start up with
capacitors connected. Home set power supplies Many home set tracks come with a low cost
unregulated power supply. These are suitable for their intended purpose, but can present
problems for the enthusiast who wants consistent power to his car. The problem with
unregulated power supplies is that the voltage goes up and down as the current changes. Think
about what happens when two cars share the same unregulated power supply. One car taking
current reduces the voltage for the other car. When one car suddenly stops taking current as it
will when the brakes are applied, or it falls off the other car suddenly gets more volts. At worst
this means when one car falls off the other one gets enough extra power that it also falls off!
This can be described as a power surge problem. A regulated power supply as described above
is a great solution to these problems. The voltage still goes up and down depending on how
much power the car is taking but the driver is unlikely to notice. Drivers have no trouble in
learning to drive a car on 13 volts in corners and 10 volts under low speed acceleration. They
are looking at the car not a voltmeter! Consistent voltage differences are just part of learning
the circuit. The diagram below shows the right way to connect them separately , also for clarity
I've shown the wrong way to connect them in parallel. No liability is accepted for the information
on this site or any use to which it may be put. Turning the power on and off Protection against
faults Is there a Constant Voltage all round the Track? Extra power supply info added January
and extra fuse info added November , minor changes March Building the track surface. Painting,
laying braid or tape. Wiring resistance explained. Back to Track Building start page. Remember,
you can always use extension cords to feed stand-alone appliances. Also see the configuration
of other sockets. The old appliances used with such an outlet had a jumper between neutral
terminal and grounding lug. People are often looking to buy a 3-prong to 4-prong adapter. Well,
there is no such thing: nobody sells it. Here is how. Take a standard 4-wire generator cord and
remove its socket. This will expose four leads. Then there are two options. Alternatively, if you
have a 3-prong drier cord, you can tie its loose ends to L1, L2 and N of the generator cord by
using wire nuts. In both cases the remaining green lead can be used to ground the genset read
below. Since neutral bus in your home is grounded inside the main panel, the frame of your
genset will likewise be tied to earth via this connection. In this case you can just isolate the
green lead in the cable and leave it unconnected. However, if your model does not have a GFCI,
you may need to connect its frame to earth. There are several ways of doing this. A safer way is
to install a copper or brass rod driven at least 2 feet deep into the earth and connect it to the
frame via 6 AWG wire. Alternatively, if you are in a hurry, you can attach the green lead of the
generator cord to the cover plate of the wall outlet. To tie it reliably, I would crimp a round lug to
this wire and put this lug under any mounting screw of the plate. Note that if you rely on the
cord for the grounding, obviously it will work only when this cord is plugged at both ends. Be
sure to do it before turning the genset on. In all cases double-check continuity between the
frame and earth by an ohmmeter. It provides a separate ground hole besides L1, L2 and N see
diagram. This is a pretty much straightforward task. Remember that the panel may become
energized from utility, so wear rubber gloves! Be sure your connection is downstream from
main disconnect and not upstream, i. Place a sign not to touch anything until genset is off.

Finally, turn on your unit and after it warmed up, activate those lines that you need, and do it
one at a time. A final note. If needed, you can additionally move some key branches to that
backed up bus by swapping the respective circuit breakers. The information in this site is
provided AS IS for technical reference only without guarantee and liability of any type , neither
explicit or implicit. This is by far the most helpful information I have found so far. Just a little
confused though about the grounding. I have a 3 prong dryer receptacle which as I understand,
has the neutral and ground bonded at the panel. I have confirmed continuity from the the
neutral to the ground on the generator at the twist lock connection. Is this the suggested
method or do I need to either A. Run the ground wire to a metal pole in the ground or B. Based
on your description, your genset probably has the neutral bonded to ground internally. If this is
the case, you can just isolate unconnected green lead. To be on a safe side, I would kill the
mains, connect the genset via extension cable and check continuity from its frame to earth i.
You need to be sure the frame is grounded, not just the twist-lock. This is all great advice, and
information. A few years ago I back-fed V power from my Watt Colman through the ac circuit.
With the main off and the ac fuses pulled. After less than a minute I herd some pops, and could
smell something cooking. I quickly shut down the generator and disconnected it. In the house I
found burned capacitors, switches, and transformers. Later, doing a voltage check I found that
one side of the generator receptacle was outputting V while the other 70V. Is a generator this
much out of phase common? The most likely cause of this is bad connection in neutral wire.
The genset still generates two out of phase V, which produces V in the twist-lock, but because
of missing common point this voltage may be split unevenly between L1, L2. I tried connecting
the ground from the generator to the ground on the but blew a few varistors as a result. The
generator has a floating neutral. Should I connect the generator neutral to the ground lead?
Thanks â€” Stan. Ground is just for safety. Connecting grounds together should not cause any
problems unless something is miswired there. Varistors blow because of overvoltage- for
example when V is applied to V circuit. The neutral from L whether it is floating or not is needed
only for V. September 4, at pm. Lazar says:. September 14, at pm. September 15, at pm.
September 16, at pm. September 19, at pm. Power Generator Types. If you are looking for a
better understanding of heat pump thermostat wiring, here is an example of a typical electronic
type heat pump control wiring which is located inside your house. There are many types of
electronic thermostat in the market these days, hence please check that the type of thermostat
that you are using can be replaced with the newer ones. If you are not sure, always refer to the
operating manual of your thermostat in your house before attempting to do any trouble
shooting or replacement work. As always, if you are not trained to handle electrical equipment,
please get a qualified technician to do it. It is always a good idea to take a picture of the current
heat pump thermostat wiring before you start removing them. In heat pump system, there are at
least 8 wires that need to be connected to the thermostat for proper operation. Heat pump
thermostat wiring - A typical wire color and terminal diagram. As shown in the diagram, you will
need to power up the thermostat and the 24V AC power is connected to the R and C terminals.
These two connections will ensure that there is power to the thermostat that you are operating.
This terminal will call for the need to cool the room when the set temperature is lower than the
room temperature. The G terminal is connected to the indoor fan which circulates the air in the
room. The reversing valve is a device that reverses the flow of the refrigerant in the piping
system. In most cases, the reversing valve is energized when running cool mode. However,
there are instances where the reversing valve is off when running cool mode. Therefore, it is
important the check the manufacturer's specifications of the heat pump system that you are
using before you can do a proper connection to the thermostat. The O terminal is used when the
system that you are using has a reversing valve or four way valve which is turned on when
running cooling mode. If the reversing valve is turned on when running heat mode, you will
need to connect the reversing valve to B terminal. In some equipment, there is a 2nd stage
cooling that helps to increase the cooling capacity of the room. In this case the terminal Y2 is
usually used. The color of the wire vary. Sometimes, there is a 2nd stage heating where
additional heating is provided to supplement the primary heating system. This is usually
installed in regions where extreme winter occurred. In this case the terminal W2 will be present.
Some thermostat may have a feature called Emergency Heat where when set, it will shut off the
heat pump. It will then turn on the strip heat which becomes the primary source of heating. This
feature should only be used for a while as the energy cost is usually higher than a heat pump
system. The terminal used is E. Look out for the following features that are incorporated in most
modern programmable heat pump thermostat. Visiting HVAC events and trade shows are one of
the best way to equip yourself with the latest happenings in the air conditioning and
refrigeration field. See the listing of events for year Programmable Thermostat. Here are the air
conditioners frequently asked questions and answers. Air Cond. Coil Cleaner. Clean your own

air conditioner by using coil cleaner that can be easily purchased from the market. How to
choose an energy efficient air conditioner? Air Conditioning Systems. Comments Have your say
about what you just read! Leave us a comment in the box below. Recent Posts. This complete
volt thermostat wiring guide covers all thermostat wiring issues from the simple to the complex.
We address them in order from most common to least common. Success starts with knowing
what type of thermostat wiring you have or need. This guide addresses volt systems, the
majority of HVAC systems. These systems can be traditional split systems, with one component
outside and others inside, ductless split systems with outside and inside components and
packaged systems with all components located in a single large case, usually installed
outdoors. They can be single-stage, two-stage or variable-capacity systems. If the old
thermostat is still installed, then this will work. If the old thermostat has been removed, then the
approach is a bit more complex but can still be a DIY project. Note: Your system might not use
all the wires in the bundle. This is common and not a problem. Unused wires are usually twisted
together and wrapped around the other wires to prevent bare wiring from contacting any bare
section of wire being used or a terminal. If the thermostat has been removed, your job is a bit
more complex. One of two approaches might work. Note: As we said above, your system might
not use all the wires in the bundle. It depends upon the original installer having used the
traditional wiring color code to when installing the thermostat. Note that wiring colors have no
inherent meaning. The wires are all the same: solid copper wire covered with colored PVC
insulation. The technician will check the connections in the furnace or air handler and complete
the wiring of the thermostat. The C wire delivers constant power to the thermostat, so that it
constantly monitors the indoor temperature and other climate features. The purpose of this is to
create the most precise indoor comfort. Many thermostats function without a C wire by
periodically pulling power from one of the other wires, usually the red wire. However, if your
thermostat information says a C wire is required, then this information is for you. The wire is
needed for most brands and models including ecobee and Honeywell Lyric. Full details are in
the C-Wire Issue guide referred to two paragraphs above. Details are available in our
Communicating vs. Communicating systems use only 4 wires. However, the basic wiring
principle is the same: Each wire must connect to the furnace or air handler terminal and the
corresponding thermostat terminal. The important first step is to get the proper replacement
wire type. It comes in bundles of 2, 3, 5, 6 and 8 wires. Most systems today require a minimum
of 5 wires when both heating and air conditioning equipment is included in the system. The
price difference is pennies per foot, and having 8 wires gives you the most flexibility for
upgrading your system in the future. Home improvement stores and online retailers sell
thermostat wire in spools of 50 to feet and by the foot. Average cost is 30 cents to 80 cents per
foot when sold by the foot. Take it to the electrical department of your local home improvement
or to an electrical supply store. An expert there will assist you in gathering everything you need
such as: Thermostat wire, Connectors, A wire stripper and Electrical tape etc. If you are
changing the location of the thermostat or installing one in new construction, choose the
location carefully. It should be on an interior wall, since exterior walls can be cool in winter and
warm in summer. This will lead to incorrect readings, your HVAC system working too hard,
wasted energy and your home being too warm in winter and too cool in summer. Free quotes
with no obligation to accept any of them are available using our Free Local Quote service. Local
Pro: Wire Colors. Wiring Functions. By: Author Nate Yarbrough. This DIY camper solar wiring
diagram and parts list is perfect for ground-up electrical installs into campervans, skoolies, or
expedition vehicles. This system is most suitable for systems that do not have a pre-existing
house electrical system installed. Not quite what you are looking for? The list below is a
consolidated parts list for this entire system Minus the solar charging leg, which is listed at the
bottom of this blog post. This may mean you need to buy 5ft from the product page. Qty 5 heat
shrink means you need 5 pieces of 2. The section below will tell you where each of the parts
from above fits into the wiring diagram. The following section provides you with several
different options for solar charging. The above parts list can remain completely unchanged and
the diagram above can remain mostly unchanged except for the alterations noted by the
diagrams below, but whatever solar array setup you choose below for your needs, these parts
will need to be added to your shopping list. These are broken up by total solar wattage. As a
general rule, you want to have twice as many watts of solar as you do amp hours of batteries.
This is just a rule of thumb. Not a law. This list is a rough guideline of what order things need to
be connected for systems using this wiring diagram. Sign up to our newsletter! I realize we can
buy a remote or a bluetooth dongle for the Multiplus, but is it needed? Thank you for your
amazing info. I am wondering about solar panels. Is there a benefit in adding at a time vs two
larger, or even one large watt? I am building on a sprinter with the end goal of: x4 ahr batteries
x4 w solar panels DC-DC charger. Initial build out is to be with just x2 ahr batteries. I think I saw

you reply that to a post that 2 batteries was the minimum for feeding a watt inverter. I
understand I would have to up the wire size and fuses. Reason would be if we add a bosch
water heater. Would x2 Arh batteries be enough to feed it? Hi Nate! You mention using a "Dual
Pole Solar Disconnect" in your instructions, but I don't see one in your parts list. What do you
recommend for a W, 12V system? Can you also please explain why this is needed? I have extra
6awg wire and was going to use that and wanted to see your thoughts. Click Here. These
products include the batteries as well as the related wiring parts that you will need to make the
battery to battery connections. Click here to cancel reply. Colleen Tuesday 23rd of February
Charlene Smith Monday 22nd of February Scott Friday 19th of February The information or your
sight is fantastic, and starting to make sense. Short version: How many batteries minimum for w
inverter? Nate Yarbrough Friday 19th of February The Multiplus 3k needs Ah of battery bank
capacity as per pg. Will Wednesday 17th of February Ross White Friday 12th of February Search
for:. View Product. This section contains all of the parts necessary to wire the battery bank
together. This section contains all of the parts necessary to wire the battery bank to the main
DC distribution busbar. The busbar itself as well as the shunt for the battery monitor and fuse
mounted inside to the busbar protecting the positive wire from overcurrent can be found in this
section. The busbar is essentially an extension of the battery terminals and allows you to
deliver power where it needs to go and houses the fuses necessary to protect the wires leaving
the busbar. The Battery monitor allows you to know how full your batteries are, know how much
power you are actively gaining or losing, and see the historical data of your power usage. This
section contains the Inverter Charger and all of the parts necessary to wire the Inverter Charger
to the Positive and Negative busbars. The Inverter Charger allows you to re-charge your
batteries from 'shore power' and also converts the 12v DC power stored in your batteries to V
AC power like you'd find in your standard household wall outlet. This section contains the
battery to battery charger as well as the wiring that you need to connect the battery to battery
charger to the positive and negative busbars. This will allow you to charge your house battery
bank from the engine alternator. This section contains all of the wiring necessary to connect the
battery to battery charger to the starting battery. This section contains the DC fuse block which
is inside of the AC-DC distribution panel as well as the wires to connect it to the main DC
distribution busbars. This will allow you to deliver power to the DC Fuse block for small branch
circuits such as lights, fans, usb outlets, etc.. This section includes the parts necessary to allow
you to ground your negative busbar to the chassis ground. The chassis ground will be
connected to the negative busbar on one side and the other side can go to a factory chassis
ground or simply anywhere good metal to metal contact can be made between the wire lug and
the bare metal of the body or frame of the camper. This section includes the exterior shore
power outlet and shore power cord that allows you to plug your camper into shore power as
well as all of the wiring that allows you to connect the exterior shore power cord to your inverter
charger. This will allow you to not only use shore power for powering your devices but also
allow you to charge your batteries from shore power. This section includes the wiring
necessary to connect the inverter charger to the AC side of the AC-DC power distribution panel
listed in an earlier section. A quick note This section contains all of the parts necessary to wire
4xw solar panels into your camper electrical system as shown in the diagram above and must
be added to the master shopping list at the top of this blog post. There are three options for
solar panels in this list and they will all work well for this particular diagram. Choose your solar
panels based on their physical dimensions and which ones work with your own specific setup.
The dimensions are listed on their respective product pages. This solar array is managed by the
Victron SmartSolar MPPT 30 and remaining products include the wires, solar disconnect
breaker, solar disconnect breaker box, lugs, ferrules, heat shrink and everything else needed to
make the full solar panel array to busbar assembly. This section contains all of the parts
necessary to wire 6xw solar panels into your camper electrical system as shown in the diagram
above and must be added to the master shopping list at the top of this blog post. This solar
array is managed by the Victron SmartSolar MPPT 50 and remaining products include the wires,
solar disconnect breaker, solar disconnect breaker box, lugs, ferrules, heat shrink and
everything else needed to make the full solar panel array to busbar assembly. This section
contains all of the parts necessary to wire 3xw solar panels into your camper electrical system
as shown in the diagram above and must be added to the master shopping list at the top of this
blog post. There are two options for solar panels in this list and they will all work well for this
particular diagram. Wiring your Philippine house. Philippine electrical wiring. As part of our
project to build our house in the Philippines, we had to learn about Philippine residential
electrical systems. As with our other writings, we do our best to chronicle our missteps as well
as our successes, so that our readers get slice of reality about coming to the Philippines and
building a house, not a fairy tale. Our pole-mounted meter. From the standpoint of electrical

engineering theory, the Philippine system is similar to that used in the U. From the utility pole to
the residence panel box we have one or two load wires and neutral conductor. We have a
ground earth provided by the homeowner. Looking at how things were done when we built our
Philippine house may help other considering house building in the Philippines to get an idea
how things are done here. One final note. The Philippine electricians we have met have been
quite professional. Wage rates are negotiable and far more reasonable than in your home
country. We hope this essay will be of help in making you a more knowledgeable home builder.
First, some background. This from Schneider Electric helps explain the purpose and nature of
each of the three conductors. This simple model is appropriate for DC systems but does not
work for an AC system because the flow of the power is continually reversing direction with a
frequency of 50 or 60 times per second. From the point of view of the equipment or the power
source, the source and return wires are constantly being interchanged. In fact, no equipment
can tell which wire is which! It is easily demonstrated that the two power wires to any piece of
AC equipment can be interchanged without any effect on function. In fact, in Europe [and the
Philippines], the plug on a piece of equipment can be plugged in either way! Therefore it is
connected directly to the grounding third wire. In essence, then, two of the three wires at the
wall receptacle are actually grounded wires, one being used for power flow, and the other
connected only to exposed metal parts on the equipment. The grounding of the neutral wire is
not related to the operation of electrical equipment but is required for reasons of safety. There
are two main types of residential electrical service in the Philippines. In Manila, Iloilo City and
other large Philippine cities, residences are supplied with volt, alternating current, 60 cycle
power. Circuits in the residence are generally wired to supply VAC to outlets using the two VAC
load wires, much the same as a heavy appliance dryer, hot water heater etc. However, it is
possible to wire in VAC circuits and outlets by using only one of the load wires and a neutral.
These V outlets are seen in hotels, some condos and other places which expect American
visitors. Visitors must keep in mind that the Philippines uses the same style of wall outlets as
you see in America, but that the outlet is supplying V, not V. Plugging a V appliance into a V
outlet will generally destroy the appliance. There may be areas around the big former U. This
consists of one VAC load wire and one neutral wire. This is not impossible as many utility
transformers are recycled from the U. It will be difficult to find parts and service for these
imported V appliances. Much of the rest of the world runs on VAC but 50 cycle rather than 60
cycle found in the Philippines, creating a problem in importing some European appliances for
use in the Philippines. How can you identify the type of power system you have? Our comments
below mostly apply to areas in the Philippines which supply residences using a single volt load
wire and a neutral wire to your residence. They are not fully applicable to urban areas using two
volt load wires including Manila or to systems around former American military bases. Our
residence is located in a rural location served by an electrical cooperative so we have a V two
wire electrical supply. The utility feed cables on the right are from the pole, one black load wire
and one un-insulated neutral wire. The black and green feed wires on the left go into our attic
and through conduit to our panel box. Again, from the fact that there is only one load wire, we
can guess that we have a two wire v. Our duplex feed cable is a 6 AWG load wire which is
insulated and wound with an un-insulated neutral wire. Both are aluminum. We had to pay for
the duplex wire extending from the meter to our house. We paid about P17 per meter for this
cable at Western Lamp, an electrical supply house in Iloilo City. Also note that the utility feed is
aluminum whereas the panel feed wire is copper. The two have to be spliced together at the
weather head. Ideally this is done with a special compression splice and splicing tool because
copper and aluminum have a different coefficient of expansion, plus the two materials are
subject to electrochemical reaction. While the default service drop is the 6AWG aluminum cable,
we recently replaced ours with 4AWG aluminum cable to better accommodate a new 2HP air
conditioner. Remember that all resistance losses from the meter are paid by the homeowner.
We paid about P30 per meter for each strand of the 4AWG cable. We were happy to tear out and
replace the old 6AWG wire which had several splices with heavier cable all connected with
crimp connectors. The total cost for replacing the 60 meters of service drop was P3, If there are
any electrical engineers out there, they could calculate the difference in resistance losses
between the larger and smaller service drops. Readers have pointed out that since we were
splicing aluminum to copper, bimetallic crimps should have been used. At the bottom of each
electrical pole is or should be a ground rod which is connected to the transformer and to the
line serving your house. Many Americans considering a move to the Philippines want to know if
they can get volt power in the Philippines and whether or not they should bring their volt
appliances with them. If your residence has the two-wire volt system, volts is not going to be
available except by means of a step-down transformer inside the house. Step down
transformers generate heat and waste power, but are quite popular in the Philippines and

available in almost all hardware stores. There is no right answer to the question about bringing
appliances from the U. Items used only infrequently, say a food processor or sewing machine, it
might make sense to bring. We would not bring Items in constant use, such as a refrigerator.
We have seen Filipinos using v power tools, dragging around a step-down transformer. Bob
sold his power tools before leaving the U. Just remember that electrical plugs in the U.
Foreigners from places other than the U. Step-down transformer. It plugs into a volt receptacle
and provides volt power. Some expats have bought and installed their own power pole
transformers and have been able to get v that way. This is an expensive option, possibly more
expensive than buying new v appliances. We have seen above that the utility drop cable
attaches to the house wiring at the weather head. Now to follow the wiring from this point to the
panel or circuit breaker box. Our electrical engineer originally proposed a amp panel box for our
house. He probably did this because he was designing for a foreigner who would have hot water
and air conditioning throughout and every conceivable electrical appliance and gadget. We
went to the engineer and informed him of our plans and he agreed to a amp panel box using 2
AWG wire. Even with a amp panel box, at volts we have an almost 25KW capacity, far in excess
of any load we can possibly use. Our 2 AWG cable is designated as 30mm sq. This cable is
expensive. Undersized cable is often used. Our electricians were astounded that we were using
such heavy cable in a residence. There are charts available which specify the required size of
conduit. Cable overcrowded in conduit can overheat. The main feed cable has come into the
attic through the weather head. In this photo, the workers are feeding the wire through plastic
conduit. The main feed cable does not go directly to the panel box. It first goes to a switch
allowing the panel box to be supplied by the electrical utility or, in the event of a power failure,
by a backup generator. This switch ensures that no power from the generator can flow into the
utility lines, placing utility workers at risk. It also allows us to put the switch in a neutral position
where no power from either source is flowing to the panel box. This allows us to safely work on
the panel box without having the utility company remove the meter. This photo shows the
double-pole, double throw switch which switches between utility company power and power
from our generator. The capacity of the switch is amps. Our generator hookup is the simplest
and cheapest kind. Power from our utility comes in at the top of the switch. Power from the
generator when running comes in at the bottom. The middle terminals connect to the panel box.
Normally, utility power flows through the DPDT switch to the panel box. During a blackout, the
switch is changed to the lower position and the generator is started. With this simple set-up,
power from the generator flows to all circuits. After the generator is running, we have used one
of our air conditioners powered by the generator without a problem. There are more complex
switching systems which automatically determine which circuits will be active when the
generator is being used. There are also systems in which the generator automatically starts and
automatically switches over when a blackout occurs. An automatic system would improve
security at times when power goes out at night and one has the choice of going outside in the
middle of the night to start the generator or to stay inside a dark house, hoping the security
lights, air conditioners and fans will come back on soon. Above is a snapshot of a generator
switch which uses a separate circuit and breaker for circuits which are energized when the
generator is running. Also the knife switch is in a box, a good idea! We did install battery
operated emergency lights to illuminate our front porch and garage during power outages. This
brings us to a discussion about panel boxes. Panel circuit breaker boxes boxes vary in quality,
the number of circuits they can handle, the type of breakers they use and so forth. We are far
from being panel box experts, but we will share our experiences. Some of the panel boxes at
hardware stores even had aluminum buses. It should be noted that these brands are not
necessarily cheaper than GE brand breakers sold at specialized electrical supply stores. If you
go to an electrical supply outfit which caters to electricians, you find a wider range of products
with better quality and lower prices. The counter staff at these places can be quite
knowledgeable. Always ask for a discount, especially if you are buying in quantity. Plug in
breaker showing panel box copper bus bars. We bought a good quality twenty-circuit panel box
with a sturdy copper buses for about P4, at Western Lamp in Iloilo City. This box uses GE-style
plug-in breakers. We were offered a choice between a panel box using plug-in or bolt-on
breakers. As we will see, that was a mistake. This type of panel box is really engineered for use
with the v three wire type of system but can be used with the v three wire systems too. In a v
three wire system, the two main buses each carry v. The buses on the plug-in panel boxes have
a zig-zag type of arrangement which works well if your two buses are hot and you have separate
neutral and ground busses â€” such as in the U. When you plug in a single-pole breaker you
connect to one bus and end up with a v circuit. If you use a double-pole breaker you connect to
both buses and get a v circuit. However, if you have a v two wire supply, you will use one of the
buses as a load bus and the other as a neutral bus. This works fine except that you have to

carefully check the polarity of your circuits to be sure the neutral wires always connect with the
neutral bus. The maximum capacity of the plug in breakers is amps, so if you need a panel box
with a larger capacity, buy one designed for bolt-on breakers. Further, in Iloilo City single-pole
breakers are not available in the plug-in style. We strongly recommend a panel box with bolt on
breakers. Here is when we got into trouble. We decided to use single-pole breakers. We only
had one load wire. So, we bonded the two panel box busses together and made them both hot
with v. We would use single pole breakers protecting the load wires and tie the neutrals to a
separate neutral bus. This simultaneously converted our twenty breaker double pole box to a
forty circuit single-pole box. Not really. Since we found that single pole breakers were not
available for our plug-in panel box, we looked at double pole breakers and they seemed to be
two single pole breakers tied together. We cut the links on the handles and wired up our panel
box. Everything seemed to work just fine. Panel box wired single pole. Note that only the right
bus was used. Gradually, we learned that circuit breakers are much more complicated than we
thought. Breakers provide protection for both instantaneous large surges in current short
circuit and lower, longer term overages from an overloaded circuit. The assumption that the two
halves of DP breakers can serve as SP breakers proved to be very wrong. The double-pole
breakers are NOT just two single pole breakers physically joined. We found this out the hard
way when we had a total short in one of our circuits and the 20 amp breaker did not trip, but
instead melted a 12 AWG wire. This must have been a huge overload, far beyond 20 amps. We
then tested the breakers on a test circuit. We found that only one side of our double pole
breaker provide short circuit protection. Presumably, breakers made to be used as single-pole
provide both protections in a single breaker, as do double-pole breakers used as a unit. We
decided we were not so smart after all. Since we had a plug-in type of panel box for which
single-pole breakers are not available, we had no choice but to wire our plug-in style panel box,
as many local electricians do, using double-pole breakers. We took out the link we had installed
connecting the two panel box bus bars and bought new double-pole breakers. Now, one of the
buses was hot, the other bus was neutral. When a double pole breaker is installed, one pole of
the breaker protects the load wire and one the neutral wire for each branch circuit. Our electrical
supply store only sells GE brand breakers. Almost all U. The breakers for the U. There may also
be internal design differences between the breakers used in the U. Breaker engineering is way
beyond our comprehension. Therefore, we do not recommend bringing breakers from the U.
The part numbers of the locally sold GE breakers are not the same and we are not certain if they
are designed to work properly with v two wire systems. Perhaps, after being burned literally!
Perhaps they are available in Manila? Single-pole GE breakers are available for bolt-in panel
boxes. These should work fine on a panel box made for them but, as we have said, we have
decided to follow local wiring customs after our earlier misadventure and given the fact that we
had already installed a plug-in type panel box. Panel Box wired using double pole breakers, one
pole load, one pole neutral. On the three wire systems, the electricians must install a panel box
using double-pole breakers. On the two wire systems they can use either single or double-pole
breakers. What is the point on spending more to install double pole breakers? Unfortunately, we
bought and installed a plug-in style panel box and ended up with no choice but to use double
pole breakers. Starting from scratch, we feel the best option for the V two-wire systems is a
good bolt-on panel box using genuine GE single-pole bolt-on breakers. One last, but important
part of panel box installation is proper grounding. While the neutral line may be or may not be
grounded at the base of the utility pole, it is essential that the residence have its own grounding
system. This can be in the form of grounding pipes or rods. The Philippine v two wire system is
called a multi-ground system because it depends on a distribution ground provided by the
utility company and a protective ground at each panel box. This rebar leads underground to a
mass of rebar in the base of the footer and ultimately to all of the rebar and concrete of the
house. A 6 AWG copper conductor runs from the clamp to the panel box. One advantage of the
rebar ground being in the attic is that it is protected from the corrosion or damage risk outdoor
ground rods are prone to. Most Philippine houses are not wired with three-prong, grounded
outlets. Most outlets have only a load wire and a neutral wire. The quality of grounding of the
neutral wire can be uncertain due to improper earthing at the pole or in the residence. When you
touch them with bare feet on a tile, you become the ground. Since bare feet on tile are a
pleasure of Philippine retirement, this is best avoided. Sometimes proper polarity is not
maintained in the wiring. Make sure the neutral white wires in branch circuits are attached to the
neutral bus in the panel box. Otherwise the metal parts of an appliance may be connected to a
hot wire rather than a neutral. Unfortunately, it is typical for appliances sold in the Philippines to
lack a grounding prong on the plug. The rusty plug shown above not only does not have a
grounding lug, the blades are identical, so that it can be plugged in without regard to the
polarity of the outlet. Generally, outlets have one wider slot and one narrow slot so that plugs

can only be plugged in in one way. This is to ensure that the polarity of the appliance
connection is correct, that the neutral rather than hot wire is attached to the metal case of the
appliance. We ran a separate 14 AWG ground wire to each outlet. This wire connects to the
ground bus in the panel box and from there to our earthing system. The neutral and ground are
bonded in the panel box and only in the panel box. This neutral to ground bonding is a must.
Appliance cord with unpolarized plug and ground lead. We hardly ever see grounded three
prong plugs on appliances sold in the Philippines. We suspect that a very small percentage of
these are ever connected. For that reason, the ground wire is more of a fig leaf than a real
solution. Generally we have found that if the neutral wire is well grounded earthed , these
shocks are less common. These grounding leads should always go to a ground earth not a
neutral. The best approach may be to cut the original 2-prong plug off of the appliance cord and
install a grounded plug, making sure that the polarity is correct. Even if the neutral and hot
wires are correctly connected, a shock hazard still exists unless exterior metal parts of the
appliance are not grounded via a separate ground wire. Above is a photo of a pretty old brass
fixture. Although the polarity of the two conductors is correct, you will get a vicious shock if
you touch this lamp because one of the load wires is frayed and touches the brass case. The
barefoot retiree on a tile floor makes an excellent ground! If this lamp had the metal parts
connected to a grounded outlet, the breaker or GFI would trip. Since the panel box only came
with a load and neutral buses, we added a ground earth bus. We were able to buy a very nice
brass ground bus to add to the panel box. The green ground wire from every circuit is
connected to this ground bus. An added ground bus in a panel box. The 2 10 AWG wires bond
the ground bar to incoming neutral utility conductor at the knife switch. GFI protection in
mandatory in much of the world but is expensive and not often seen in the Philippines, despite
the fact that electrical shocks and electrocution are a common events here. In the meantime,
keep in mind that ordinary circuit breakers are not intended to protect humans from many of the
most common types of shock hazards. A properly operating breaker is intended to carry loads
without tripping, loads which could easily electrocute a human being. Circuit breakers protect
circuits, GFI devices are designed to sense faults and trip fast enough to prevent fatal shocks.
Our house plan called for four lighting circuits, eight outlet circuits and two circuits for our two
split air conditioning units. Three of the outlet circuits are dedicated circuits as required by the
electrical code, one for the refrigerator, one for the water pump and one for the washing
machine. We wired our branch circuits using stranded 12 AWG 3. A fifteen amp breaker and a 12
AWG wire have a nominal capacity of 1, Watts on a v circuit and 3, watts on our v system. If we
had used 20amp breakers, our circuits would have a capacity of 4, Using the 15 amp breakers
on 12 AWG wire gives us a very considerable margin of safety, but plenty of capacity for any
combination of appliances we can imagine on any single circuit. It was our electrical engineer
who specified using stranded rather than solid wire for our branch circuits. Stranded wire is
somewhat easier to work with and stands up to situations where the wire is flexed, better than
solid wire. If you are going to use stranded wire you have to be sure to buy switches and outlets
designed for stranded wire. Stranded wire has a larger diameter than solid wire of the same
capacity and therefore will not fit properly into most outlets and switches. Most but not all
switches and outlets are labeled as to the type and size of wire they can accommodate.
Fortunately, the widely available and excellent Panasonic Wide Series switches and outlets are
designated for and work well with stranded wire. We used a mix of Panasonic and Royu outlets.
The Panasonic outlets are much better and much more expensive. Our switches are Panasonic
and Anam. Anam is a mid-priced Korean brand which seems to be of very good quality. If you
are using stranded wire and on a budget, Royu makes a low cost outlet WD and WH with screw
terminals which works quite well with both solid and stranded wire. Mistakenly, we bought
Anam switches which were made for solid wire. Our electricians used them but cut off strands
of wire so that they would fit into the switches. Since we used 12 AWG for our lightly loaded
lighting circuits, we have plenty of capacity even with the cut strands. We did all of the outlet
wiring ourselves using outlets made for stranded wire, so we are confident there are no
problems with these. Panasonic Wide Series â€” OK with solid or stranded wire. These Meiji
outlets also worked well with stranded wire. We tinned the leads. The neutral leads should be
white not red. This was just a photo to show the Meiji receptacle. The above photo shows the
interior construction of a Royu brand outlet left and Panasonic brand outlet right. The cheaper
outlets do not seem to be the same quality but less expensive. The Panasonic housing and
contact are quite a bit heavier. The Panasonic outlets grip the prongs of the plugs so strongly
that we have pulled the outlets out of the wall when trying to remove a plug. Commercial
buildings in Iloilo almost always use Panasonic outlets and switches. There is lots of poor
quality electrical gear sold in the Philippines. Below is a plug made with brass-plated steel
prongs rather than brass. It does not take long for the prong to start corroding. The capacity of

the circuit will be reduced. This is not a problem restricted to the Philippines. Corrosion of
electrical components in the Philippines is rapid, another reason to buy quality products for
your own house. If you buy a pre-built house in a subdivision, did the developer use good
parts? Rusty plug with non-polarized blades prongs. The quality of electrical parts on offer is
generally poor. This brings us to the mechanics of running conduit for our branch circuits.
Having a detailed electrical plan is essential. In the Philippines, the branch circuit wires are
generally run from panel box to outlet to in plastic conduit. We used individual load, neutral and
ground wires of THHN Thermoplastic High Heat-resistant Nylon-coated wire in conduit, which is
similar to what is used in commercial installations in the U. When embedded in the floor or
block walls, the conduit is 25mm rigid plastic. In the space above the ceiling, the wires generally
run in flexible plastic conduit. The Philippine system of running conduit in the walls can be
pretty horrifying when you first see it. Basically, the house is built without much regard to
electrical or plumbing runs. Then, when it comes time to run wires, channels are hacked into the
hollow block to accommodate the electrical conduit. The house can look pretty massacred
before the thick finishing coat covers all construction sins. Ideally, conduit runs should be
anticipated and conduit should be cast into beams so that the beams do not have to be cut later
to accommodate the conduit running to the lighting and ceiling fans above the beams. Above:
before pouring a tie beam at the top of the wall above the location for the panel box, the workers
place eight pieces of electrical conduit through the form for the beam. This will provide a path
from the panel box for the circuits in the ceiling, mainly light fixtures and ceiling fans. We
should have used larger conduit. All of these shown are overstuffed with wires, not an ideal
situation. Utility boxes which will contain switches are half buried in the hollow block wall.
Boxes are plastic with brass inserts for the mounting screws. These electrical conduits were
buried in the concrete floor. The genius of this system is that wires can be replaced if necessary
by pulling them through the conduit embedded in the floors. For this to work, there can be no
shortcuts. The wide arc conduit elbows must be used. There are no electrical conduit tees. The
blue-color water system fittings can be used with the electrical conduit, but such use may well
defeat the ability to pull new wires as the bends are too sharp to pull through. These outlet
circuits embedded in the concrete floors are quite safe from gnawing rodents. These photos
show how wiring is installed in the attic or ceiling area. This wiring feeds ceiling light fixtures,
ceiling fans, some outdoor lighting and our split air conditioners. Wiring is in flexible plastic
conduit. The silver protrusions are the tops of recessed lighting. The four stubs of plastic pipe
protruding through the top of the wall now carry coax cable to CCTV cameras at each corner of
the house. Except for table lamps, all lighting is recessed, no ceiling fixtures or chandeliers
except in the bathrooms. We are very happy with the clean look of the recessed lighting, so
many exposed fixures are ugly. After three years in our house we had two recessed fixtures in
our kitchen ceiling fail because mice or rats chewed through the short, thin wire leads powering
the recessed lights. They did not touch the THHN conductors which are in conduit. Our theory
is that a thin layer of grease from the kitchen went up through the recessed fixtures and coated
the wires. This made them attractive to the rodents. Since our attic and roof structures are all
cement board and steel, the fire hazard should be minimal. We have various circuits running
outside the house; weatherproof outlets on the porch, circuits to the bahay kubo bamboo guest
house, circuits to lights on the perimeter fence posts, circuits for security lighting, circuits for
porch lights, circuits for the carport, circuits for outdoor split air conditioning compressors and
so forth. All of these must be anticipated and conduit leading outside installed before the house
floor is poured. This panel of switches controls all outdoor lighting; front and rear gate lights,
lights at each corner of the house, and sodium vapor lights in the garage three way and yard.
Our outdoor security lights can also be controlled by this Panasonic timer switch which is wired
into our panel box. We bought this industrial duty switch after having a couple of hardware
store electronic timer switches fail. This allows our lights to be on when we get back after dark
and to shut them off at dawn, even if we are still sleeping or away from the house. We installed a
Watt high pressure sodium light in our yard. It lights up the whole neighborhood. Our neighbors
who raise corn like it as sometimes miscreants sneak in and steal their corn. We installed this
Watt high pressure sodium lamp in our garage. These lamps are made to illuminate highway
tunnels. Please take time to read the many comments
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below. Take the information here as hypothesis, not gospel. We are home owners, not
electricians or electrical engineers. Please feel free to offer comments, suggestions and
corrections. Notify me of follow-up comments by email. Notify me of new posts by email. This
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The transformer serving our house. Duplex cable from meter to weather head. Splice crimping
tool. Ground rod at pole. Running the entrance cable in the attic. Subpanel for generator. Bolt
on breaker. Diagram of panel box with staggered bus. Grounding clamp on rebar in attic. Royu
Outlet receptacle. Outlet labelled for solid wire only. Conduit in place before pouring concrete.
Conduit cut into hollow block wall. Conduit will be imbedded in concrete floor. Flexible conduit
in attic. Recessed ceiling light fixture. Panasonic timer switch for security lights. HP Sodium
yard light. It lights the yard quite well. HP sodium tunnel fixture.

