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Solid Core Cable 

This type of cable uses one solid copper wire per conductor and is used for permanent 

infrastructure links between two wiring centres or between a wiring centre and a wall box. It 

has a lower attenuation and is less costly than stranded cable, however it is designed for 

horizontal and vertical structured cabling and it should not be flexed once installed. 

Stranded Cable 

Stranded cable consists of multiple strands of wires wrapped around each other in each 

conductor. Stranded cable is much more flexible and consequently suited to applications which 

demand flexibility and reshaping. Due to higher attenuation, stranded cable is better used over 

shorter distances. 

 

Fig: Solid and stranded core cable 

Advantages of Solid Conductors 

 Less overall cost 

 Less complex termination systems 

 Better transmission performance at high frequencies 

 Less resistance 

Advantages of Stranded Conductors 

 More flexible 

 Longer flex life 

 Less susceptible to damage during crimp terminations 

 Great for Patch Cords 

These advantages should give you a good over view of what is beneficial with these 2 cables. 

These 2 conductors types gives you the performance you need in any scenario. Long straight 



runs and more flex is just about all the scenarios you will encounter. With their multiple 

advantages, it's important bring up their disadvantages. 

Disadvantages of Solid or Stranded cables 

Starting with solid cables we can base off their benefits that they are going to have a 

disadvantage in their flexibility. Solid cable usually have a maximum bend radius of 4 X their 

cable OD. So when more flexibility is needed solid cable won't give you the performance you 

want. It really depends on your installation. There shouldn't be much flex requirements in your 

cables backbone so solid cable should be fine. But behind computers and connecting panels 

you absolutely want stranded. 

Stranded cables tend to have more performance disadvantages than solid cables. The affect you 

want to know here is attenuation. It's been shown that stranded cable has anywhere between 20 

- 50% more attenuation than solid cables at longer distances. The reason for this is the way that 

stranded conductors are created. With the multiple strands of copper forming one wire your 

cable will have spaces between the strands. You can refer to the image above to see the spacing 

between the wires in stranded cables. This reduces performance at longer distances because 

current tends to travel at the surface of conductors. With stranded conductors not being as solid 

and straight as "solid cables" the current is not as smooth as stranded cables. Over longer 

distances this can compound and why it's important to keep stranded cable runs shorter in 

length when possible. 

Conduits 

The main advantage of conduit systems is their ability of grounding and bonding. Both of these 

qualities are crucial in minimizing electromagnetic interference. Safety is the key aspect of the 

conduits. Raw or cracked wires are covered with conduits to make the connections safer. It is 

important to determine which electrical wires and conduits should be used at home, office or 

garage. 

Let us look at the different kinds of conduits you can choose from: 

 PVC Conduit: 

They are often used in wet locations and underground applications. They have their 

own PVC fittings, couplings, connectors and elbows. They are quite easy to attach to 

one another with PVC glue and a cleaner. Do ensure that you always run a green ground 

wire in the conduit for correct grounding at connecting points, as PVC conduit is not 

conductive. 

 EMT Conduit: 

They are lightweight and easy to bend. They are mainly used within the walls, but are 

prone to damage unlike rigid conduit or IMC. 

 Flexible Metal Conduit: 

This conduit is great for areas that require close quarters and tight bends, which would 

otherwise be difficult to achieve with a regular conduit as you can’t easily bend it. Some 

examples of flexible conduit installations include attic vents, water heaters, etc. 

 IMC Conduit: 



 

This is a thicker conduit which is galvanized. This makes it a great choice for outdoor 

installations. You can also use it in exposed walls in garages, basements and areas 

where the conduit can be hit or damaged. 

 Rigid Metal Conduit: 

This is the thickest and heaviest of all the conduits, making it suitable for usage in 

extreme condition areas. It can also be used to run wires under driveways and service 

feeder installations. They are more expensive than the other conduits listed above. Most 

companies recommend the installation of these conduits in the piping of service 

entrance area as it can withstand the powerful winds, falling branches, and storm 

damage. 

What are cable trays? 

Cable trays are rigid structures used to support and raceways the cables. The National Electrical 

Code (NEC) specifies the cable tray type to be used. Cable trays are capable of supporting all 

types of wiring, such as: 

 High voltage power lines 

 Power Distribution lines 

 Optical lines 

 Telecom and control lines 

Cable tray wiring systems are the preferred wiring system when evaluated against equivalent 

conduit wiring systems in terms of safety, reliability, space and cost. 

Cable tray materials used: 

The material selection for the cable tray is based on the purpose and coatings are provided on 

purpose. 

 Aluminium: Aluminium trays are lightweight and used because of high strength-to-

weight ratio. The advantage of using aluminium is that it is maintenance free. 

 Steel: Steel trays gives mechanical strength and low cost but has a high weight. 

 Stainless steel: It has the high mechanical strength and high ambient temperature. 

Stainless steel cable tray is roll-formed from AISI Type 316 stainless steel. 

Types of cable trays: 

 Ladder tray 

 Solid bottom cable tray 

 Trough ( ventilated) cable tray 

 Channel (perforated) cable tray 

 Wire mesh cable tray 



 Single rail cable tray 

 

Splicing the wire 

Splicing is the process of combining 2 lengths of wires so they can carry a current. Before you 

splice your wires together, you need to prepare the wires by stripping them and turning off the 

power. There are many ways to splice wires together, from simply using wire caps to soldering 

them together. For instance, different connectors are used for splicing the wires. Few of them, 

we will be discussing below. The important one are crimp connectors and  Once your wires are 

connected to one another, cover the exposed ends with electrical tape or shrink tubes and 

they’re ready to use! 

 

Crimpable Closed End Connectors 

Crimpable closed end connectors can also be called crimp caps, closed end connectors, or 

crimp connectors. They are a quick, inexpensive, easy and permanent electrical connection of 

two or more wires. 

 Excellent low cost means for making connections between two or more conductors. 

 Insert is electro-tin plated for corrosion resistance. 

 Can not "Back-Off" the wires as screw on type provides quick and easy disconnection 

of wires. 

 Meets or exceeds SAE specifications. 

Twist On Wire Connectors 

 Twist On Wire Connectors can also be called twist nuts. Whichever, their tight, square-

wire spring makes quick, secure connections for positive continuity.  

 Tough, thermoplastic shell shields against environmental extremes.  Resists chemical 

action from hydrocarbons, dilute acids, or alkaline solutions.  

 Flame-retardant properties resist heat distortion up to 221 degrees.  High-dielectric shell 

features a deep skirt design to prevent exposure of bare wire.  

 For copper to copper connections only.  

 Excellent low cost means for making connections between two or more conductors. 

 Insert is electro-tin plated for corrosion resistance. 



 

Wire nut connectors 

 

Crimp connectors 

 

Barrier terminal blocks 



Terminal blocks  

Terminal blocks are connectors that terminate a single wire and connect it to a circuit or other 

system. Terminal blocks come in a range of shapes, sizes and ratings, but always terminate a 

single wire (single pole) and are never multi-pole. 

Terminal blocks are available as rows, but each terminal connects to only a single wire. 

Terminal block connectors are very useful in situations that require semi-permanent 

connections, which may require inspections, wire replacement, repair and change (this is why 

terminal blocks are incredibly common in domestic wiring and industrial environments). While 

not all terminal blocks have PCB contact pads or legs, they always have some mechanically 

solid body made of plastic or other insulating material. 

Types of terminal blocks 

Screw terminals 

Screw terminal blocks are those that have a screw as the method for holding a cable or wire. It 

is more common to see screws have flat-head fittings, and these types of terminals are often 

found in situations in which voltage and current demands will be moderate 

(domestic/commercial wiring). While wires bound to a terminal block are not physically 

bonded with the use of solder, they are incredibly strong if done correctly and can be used in 

permanent scenarios. Great care should be taken when tightening terminal blocks because over-

tightening can damage the inserted cable and result in an unreliable and potentially dangerous 

connection. 

Barrier Terminals 

Barrier terminals are very similar to screw terminals in that they use screws as the mechanism 

to hold cables. Barrier terminal blocks often have more than one termination point for multiple 

cables and, because of this, have small barriers between individual terminals. Barrier terminals 

can also have small lids and enclosures to further protect cabling and are commonly found in 

domestic wiring and other high-voltage scenarios that need to prevent arcing or potential short-

circuits. 

Push-fit terminals 

Push-fit terminal blocks use small spring-loaded levers that allow cables to enter the terminal 

block in one direction but do not allow them to leave, effectively holding the wire in place; 

hence, the name “push-fit.” 

This type of connector has some advantages over screw terminals in that they prevent over-

tightening, but as a result, the designer is reliant on the spring having enough force to keep the 

wire in contact with the conductive body. Another issue with push-fit terminals is that some 

are not designed to be reused and lack a removing lever, which makes repair work difficult 

because whole terminals may need replacing. 

Pluggable terminals 

Pluggable terminal blocks are those that have a cable entry to allow the connection of a wire 

or cable but a plug output to allow for easy connection to a socket. These types of terminal 

blocks are very useful in situations in which hot-swapping may be important or a connection 



is expected to be removable for servicing or inspecting. Screw contacts are the most common 

type of connection method for inserted cables, but the screw often has a small metal plate 

attached to the end, which allows for gripping of both small and large cables. 

 

 

 

 

 



EXPERIMENT 7 
FABRICATION OF AN EXTENSION BOARD 

Structure 

7.1 Introduction 
I 
I 7.2 Aim 

7.3 Laboratory Wiring 
Earthing 1 7.4 Assembling an Extension Board 

7.5 Safety Measures 

7.1 INTRODUCTION 

You must have seen electrical sockets fixed on the walls of your home. If you 
wish to use an electrical appliance such as a table lamp or an iron at some 
distance from the wall, you need an (electrical) extension board. Similarly, in a 
physics laboratory, you may be required to use an extension board particularly 
when many students are working on a table or when many electrical 

I instruments are to be used. Ari extension board provides for: more than one 
electrical socket. These sockets are connected to a plug through a long three- 

I core electrical wire. When this plug is inserted in tlie socket on a wall of the 
I laboratory, electricity becomes available at the sockets of the extension board. 
1 And that is why an extension board is such a useful laboratory tool. In this 

experiment, you will learn how to fabricate an extension board. 

7.2 AIM 

I The main purpose of this experiment is to enable you to learn how to fabricate 

I an electrical extension board. Moreover, as you do this experiment, you will 
1 also learn to identify the live, neutral and earth wires and corresponding 

terminals of electrical sockets and plugs. 

After doing this experiment, you should be able to: 

identify the live, neutral and earth terminals of a socket and corresponding 
wires in a three-core electrical wire; 

I select appropriate wires, plugs,'switches and sockets for fabricating an 
I extension board; and 

i fabricate an extension board. 

1 The apparatus required for this experiment is listed below. 

Apparatus 

Wooden or plastic box (30cm x 15cm x 4cm), good quality 5m three-core 
L 

electric wire of 20 gauge, 2 two-in-one (5A and 15A) sockets, 1 three-pin plug 
(15A); 2 switches (15 A), half meter single core electric wire of - 



Basic Experiments in 
Phvsics 7.3 LABORATORY WIRING 

In Unit 5, you have learnt that household electricity connection is provided 
through a heavy cable which has two wires. These two wires are insulated 
from each other. One of these wires is called the live (L) wire and another is 
called the neutral (N) wire. The electric supply is AC (alternating current) and 
the live wire is alternately at positive and negative potential of 220V with 
respect to the neutral wire. The potential of the neutral wire is zero because it 
is earthed at the local electric sub-station. Therefore, when an electrical 
appliance is plugged to AC mains, charge flows from the live wire, through the 
appliance to the neutral wire when the live wire is at positive potential and 
vice-versa when the live wire is at negative potential. 

The electrical connection to the mains of the physics laboratory is also 
provided through a two-core heavy cable. The electricity supplied is used for 
lighting, running electrical and electronic equipment etc. You will note that the 
laboratory electrical wiring has many sockets (in addition to light and fan 
points) at various points on the walls. 

From Unit 5, you will recall that household electrical wiring comprises a 
number of parallel circuits. It means that all live wires should be connected at 
one point. Separate electrical circuits are used for lighting and power. 

Supply 
from Sub- 

station 

I 
& - 

Fig.7.1: A typical laboratory wiring system 

Fig.7.1 shows a typical laboratory wiring. Some of its salient features are: 

a) The switch such as S1 is always connected in the live (L) wire of the circuit 
so that when it is off, the socket (or the bulb holder) is not live. However, 
if the switch is connected in the neutral wire, the socket is live even when 
the switch is in off position (see margin remark on page 57). In such a 
condition, anyone touching the socket or the bulb holder would get a 
shock. For this reason, you should fix switches in the extension board 
along the live wire. 

b) The fuse is connected along the live side of the circuit so that when it (fuse) 
blows, the appliances are also dead. The fuse will indeed blow even if it is 
on the neutral side. But, in this case, the appliance may be damaged. 

c) Although neutral wire of the circuit is earthed at the electric substation, for 
extra safety, the power circuit (Fig.7.1) contains an additional earth wire E. 



Fabrication of an 
Extension Board You will learn the rationale for the additional earth wire in power circuit of 

the laboratory wiring in the next sub-section. 
I 
I 

The above features of laboratory wiring pertaining to the placement of 
1 switches, earth wire etc. are of vital importance for assembling an extension 

board. Further, earthing is the most important aspect of any wiring from safety 
I point of view. Therefore, we now briefly discuss earthing. 

To understand the rationale 
for putting switches along 
the live wire, refer to Fig.7.2 
which shows a portion of 
the laboratory wiring. 

I 7.3.1 Earthing 

I The neutral wire of the electric cable supplying electricity is grounded at the 
electric power station. Therefore, you may like to know: Why do we need a 
separate earth wire for power circuits in the laboratory? To appreciate the need 
of an additional earth wire, refer to Fig.7.3a which shows an electric supply 
cable connected to a socket. You will note that a person standing on the floor is 
at the same potential as the neutral wire. If she  happens to touch the live wire 
by mistake, herhis body provides a low resistance path for electric current. 
Thus, the individual is at a risk of receiving electric shock, particularly, if the 
floor is wet and the person is bare-foot. The possibility of getting in contact 
with the live wire increases while handling electrical appliances or equipment 
with metal casing. It is because the live wire may become loose and touch the. 
metal casing. Fig.7.2: Portion of 

laboratow wiring 

, - 
To utility 

pole, L 1 The switch for the light point 
has been placed along the 
neutral (N) wire. Let the 
switch be in off position. In 
this condition, if you touch 
the holder of the bulb, your 
body provides the earth (the 
conducting path) and hence 
completes the circuit for the 
current to flow. As a result, 
you would feel an electric 
shock. Thus, even if the 
switch along the N wire is 
off, the electrical point (such 
as bulb holder, socket etc.) is 
live and may cause harm to 
anyone touching it 
accidentally. 

- - (c) ground 

Fig.7.3: a) Human body provides low resistance path for electric current; b) and c) the 
two ways of earthing an electrical appliance. ' .  

We can avoid electric shock due to the absence of earthing in two ways 
I (See Fig.7.3b and c): By grounding the metal casing of the electrical appliance 

or equipment and by using a three-pin socket. 

When electrical equipment is provided with a separate earthing, the risk of 
electric shock is minimised. Generally, instead of separately earthing each 
equipment or appliance (Fig.7.3b), a common earth wire is provided in the 
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For calculating the current 
required by an electrical 
appliance, you can use the 
formula 

Power = Voltage x Current 

Every electrical appliance or 
equipment is provided with 
its rating. Rating expresses 
the maximum power or 
current which is drawn by 
the equipment at a given 
voltage. Thus, the current 
drawn by a 40 W bulb is 
given as 

Current = - 40W -0.18A - 220v 

and by a 3 kW electric 
heater as 

3000 W 
Current =-= 13.6A 220v 

The power rating of an 
electrical appliance is 
marked on its body in one of 
the two ways: 

i) 220 V, 2kW: This 
power rating implies that 
when operated at 220 V, 
the appliance will 
consume 2kW power, 
that is, it will draw 
2000W - = 8.7 A current 220v 
from the mains supply. 

ii) 5 A, 220 V: This power 
rating straight away 
gives the value of the 
maximum current (5A) 
the appliancelequipment 
will draw from the 
mains supply at 220 V. 

power circuit of the laboratory. The earth terminal of the socket is connected to 
this common earth wire of the power circuit (Fig.7.3~). 

So far you have studied about the laboratory wiring and its salient features. 
You now know why parallel circuits are used in wiring, how to obtain the 
value of current drawn by an electric equipment of given wattage (see margin 
remark), what is the importance of the earth wire in the power circuit etc. With 
this, you are ready to undertake the fabrication of an extension board. 
However, you need to understand the circuit diagram of the extension board 
before you wire its various components. Therefore, now we discuss various 
electrical components of an extension board and how they are connected. 

7.4 ASSEMBLING AN EXTENSION BOARD 

The basic activities involved in assembling the extension board are to wire 
switches, sockets and plugs in accordance with a circuit diagram. Therefore, let 
us first know about these components and the proper method of connecting 
them in a circuit. 

A. Electrical wires 

Electrical wires are niade of copper because copper is a good conductor of 
electricity and relatively inexpensive. In recent years, there is an increasing 
trend towards the use of aluminium. 

As you know from your school physics course, the current carrying capacity of 
a wire depends on its area of cross-section, and hence on its diameter. The 
thickness of the wire used for electrical wiring is expressed in terms of its 
gauge. The gauge of a wire is inversely related to its diameter. This means that 
a thick wire will have a smaller gauge. Electrical wires are categorised for 
different uses in terms of its gauge. A three-core electrical wire is shown in 
Fig.7.4a. For identifying the live, neutral and earth wires, a colour coding 
scheme is used. The live wire has red insulation, the neutral wirk has black 
insulation and the earth wire has green insulation. 

It is, therefore, obvious that the selection of the copper wire for the extension 
board would be determined by the maximum current that is likely to flow 
through it. Thus, you must have an idea about the maximum current which is 
likely to flow when an appliance or an equipment is plugged in the extension 
board. This can be easily calculated if you know the power rating of the 
equipment (see margin remark). Generally, for equipment used in a typical 
physics laboratory, it is safe to assume that not more than 1SA current 
would flow through the cable at any instant of time. Therefore, you 
should take copper wire gauge of 20 gauge for making an extension board. 
In India, the terminology usually used for wires by electricians is 7120,3120, 
111 8,3122 where the first digit signifies the number of strands of wire and the 
second digit signifies the gauge. For power, 7120 wire is used. For light, 3/20 
and/or 3/22 may be used. For earthing 11 1 8 is used. 

B. Socket and plug 

Now refer to Figs.7.4b and 7 . 4 ~  which show a 15A three-pin socket, and a 15A 
three-pin plug, respectively. Now-a-days, sockets are available in which both 
5A and 15A loads can be plugged in one at a time. Such sockets are called 
two-in-one sockets (see Fig.7.4b). Both the three-pin socket and the three-pin 



plug have three terminals, namely, live (L), neutral (N) and earth (4. These 
terminals have to be connected to the corresponding wires of three-core 
electrical wire. It is, therefore, important to identify live, neutral and earth 
wires. 

C. Switch 

The electric switch (Fig.7.4d) has only two terminals. It is always connected 

I 
along the live wire in a circuit. 

Green (earth) 

Black (neutral) Red (live) - Lf outer insulation 

Red 
Cable kip 

Earth 

Live 

Switch 

Fabrication of an 
Extension Board 

Fig.7.4: a) Three-core elect14c wire; b) two-in-one three-pin socket; c) three-pin plug; and 
d) 1SA switch 

For connecting the three-core wire in a plug, or a switch or a socket, you will 
be required to strip its outer insulation for about 3 cm length. Then, the 
insulation of the three inner wires should be stripped as per the requirement of 
the socket. Afterwards, you should tightly twist the strands so that the live and 
the neutral wire do not touch each other (if this happens, it will cause sparking 
and spoil the plug or the socket). You should wrap each wire clockwise 
around the terminals of the socket so that the screws tighten in the same 
direction. The same method should be used for connecting wires in a plug or a 
switch. 

We would now like you to answer the'following SAQ. 

SAQ 1 

a) How will you identify live, neutral and earth wires of the three-core electric 
wire? 

b) State the  rec cautions in wiring a three- in socket. 
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You should proceed ahead only if you are confident about your answers. You 
may also discuss them with your counsellor. 

D. Circuit diagram 

For drawing a circuit diagram for an extension board, the following questions 
have to be considered: 

a) How many electrical applianceslequipment are to be plugged in the 
extension board? 

b) What are the power ratings of these applianceslequipment? 

The number of electrical appliances to be used at one time will determine the 
number of sockets to be provided on the extension board. And, the answer to 
question (b) above determines the gauge of wire, and the type of sockets, 
switches and plug you would require. 

Now suppose we wish to fabricate an extension board for plugging two 
instruments such as an oscilloscope and a signal generator. For such an 
extension board, the circuit diagram is shown in Fig.7.5. You will note that 
such an extension board has 2 two-in-one sockets with independent switches. 

Fig.7.5: Circuit diagram of an extension board 

We hope that now you understand the basic principle that determines the 
choice of various components of an extension board. Now you will learn to 
assemble an extension board. 

E. Procedure 

1. Take out the top of the wooden/plastic box for drilling b l e s  in it to fix the 
sockets and switches (Fig.7.6). With a pencil, mark the points shown in 
Fig.7.6 for holes. Use a hand drill to drill holes of appropriate size at these 
points. Fix the sockets and switches in their appropriate positions on the 
top of the box with screws. Take help of your counsellor for this activity, if 
need be. 



3. Remove the outer insulation at both ends of the 5m long three-core wire. 
You will obtain three wires of different colours. Remove the insulation 
from about 1 cm length of each of these wires. 

4. Connect the live wire (red in colour) to point 1 (the upper end of switch A) 
of the extension board. 

5. Connect the neutral wire (black in colour) of the three-core wire with point 
4 (the neutral terminal of socket A). 

6. Connect the earth wire (green in colour) of the three-core wire with point 9 
(the earth terminal of the socket A). 

Fabrication of an 
Extension Board 

Fig.7.6: Fixing of sockets and switches on the extension board 

2. Keep the labelled circuit diagram (Fig.7.7) of the extension board before 
you. This diagram is the labelled version of the circuit diagram of the 
extension board (Fig.7.5). 

1 Fig.7.7: Labelled circuit diagram of the extension board 

Note that all the terminals of sockets and switches in Fig.7.7 are numbered. 
You just have to join these numbered terminals as per the instructions 
given below using the single core wire of gauge 22. You will have to cut 
this wire into pieces of appropriate length: 

a) Connect points 2 (the lower end of the switch A) and 3 (the live 
terminal of socket A). 

b) Connect points 1 and 5 (the upper ends of switches A and B). 
c) Connect point 6 (the lower end of switch B) with point 7 (the live 

terminal of socket B). 
d) Connect points 4 and 8 (the neutral terminals of sockets A and B). 
e) Connect points 9 and 10 (the earth terminals of sockets A and B). 

Now all the internal electrical connections of the extension board are complete. 
Let us now join the 5m long three-core wire with the extension board so that it 
can be plugged into the wall socket. 
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7. Connect the other end of the three-core wire with a three-pin 15A plug 
connecting earth, live and neutral wires at the appropriate terminals. 

After these electrical connections are made, you must get it checked by 
your consellor. Now place the top on the box in such a way that all electrical 
connections are concealed in the box. 

8. Fix the top on the box with the help of screws. 
9. Your extension board is ready for use. Insert the plug fixed at one end of 

the three-core wire into a wall socket and switch it on. To check that 
electricity is available at your extension board; you should use an electrical 
tester. 

7.5 SAFETY MEASURES 

1. While fixing stranded copper wires at the terminals of the sockets, 
switches and plug, you must twist the strands properly so that no strand 
remains loose. This is necessary to avoid any short circuit. 

2; In electrical connections, nothing can be as irritating and risky as loose 
connection. Therefore, properly tighten the screws on the terminals of the 
sockets and switches. 

3. Give utmost importance to the proper connection of the earth wire. 
Otherwise you know how dangerous it may prove to be. 

4. Since water conducts electricity, you should always dry your hands 
before switching-on or off any electrical appliance or equipment. 

5. Do ensure that the switches on the extension board have been put along 
the live wire. 


