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ABSTRACT 

The transformer is an electrical device that uses a principle of solenoid 

wrapped in kern, and there are usually two or more coils. Each coil of 

the transformer is electromagnetically connected. The transformer is 

made to fulfill the specific level of voltage required in the devices or 

systems that use alternating current electrical energy. For example, 

transformer tap change is design to have a different number of primary 

turns to produce a fixed output voltage; in the term, there is a changing 

in the input voltage. This research tries to analyze the effect of the 

length of the primary coil difference of transformer to the voltage 

resulted in the secondary coil. The objective of the study is producing 

a relationship of primary coil length variation to the resulting voltage. 

Variation of coil length is made from 1 cm to 15 cm with an interval 

of 1 cm coil length. The length of the secondary coil is also varied into 

3 cm, 6 cm, and 9 cm. The test is performed by providing the same 

input voltage at each variation of the primary coil length and then 

measure the output voltage. The results show that the longer primary 

coil will produce a smaller output voltage in the secondary coil of the 

transformer. Based on the resulted graph, the relationship of the length 

variant of the primary coil is linear to the voltage measured in the 

secondary coil, with determination coefficient (R2) of  0.9603, 0.9775, 

and 0.9822 respectively for the length of  3 cm, 6 cm, and 9 cm of the 

secondary coil. 
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INTRODUCTION 

The magnitude of a magnetic field generated by a straight-line conductive wire, electricity 

according to the Ampere’s Law states the line integral of the magnetic field intensity taken 

around the closed path is equal to the total current encircled by the area in the form of a closed 

track [1]. 

 

∇xB =  μ0J (1) 

∫(∇xB). da =  ∮ B. dl = μ0 ∫ J. da (2) 

∮ B. dl = μ0Itot (3) 

 

By using Biot-Savart law, the magnitude of the magnetic field is expressed by 

 

B ∮ dl = μ0Itot  (4) 

B =
μ0I

2πs
  (5) 

 

Thus the magnitude of the magnetic field produced by straight wire has electricity depending 

on the amount of the electric current, and the distance from the current wire illustrations for 

Ampere can be seen in FIGURE 1. 

 

FIGURE 1. Magnetic Field in Circular Circular Wire [3]. 

 

When the conductor wire is charged in a circular shape, as shown in FIGURE 1 where R is the 

radius and z the distance from the center of the circle to the point of a review of the magnetic 

field, when the wire current, I, then 

B(z) =
μ0I

4π
∫

dl′

r2 cos ɵ (6) 

Because dl’ circular with radius R then integral of dl’ to be 2 π R, with cos ɵ, and r2 constant 

so that the magnetic field of the wire passes 

B(z) =
μ0I

2

R2

(R2+z2)
3
2

 (7) 
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The conductor wire that forms a circle if propagated in the form of a solenoid will produce a 

magnetic field higher than the number of turns it forms. Where the magnetic force line will be 

distributed evenly and parallel to the coil (FIGURE 2). 

 

FIGURE 2. Magnetic Field at Solenoids [4]. 

 

Thus the great equation of the magnetic field on the solenoid is also affected by the number of 

turns, and is written as: 

 

B = μ0I
N

L
 (8) 

 

with 
𝑁

𝐿
= 𝑛, so that the magnitude of the magnetic field produced by the solenoid coil becomes 

 

B = n μ0 I (9) 

 

with N is the number of turns, L is the length of the solenoid, and n is the number of turns of 

long unity [5]. 

When two or more solenoids are wound in the shell, it forms a transformer that works based 

on the principle of electric and magnetic flux where between the solenoid and the other are 

not physically but electromagnetically connected. There are two types of solenoids in the 

transformer known as primary coils and secondary coils. Primary solenoid, referred to as the 

primary coil, is a solenoid, which is directly connected to the AC voltage source while the 

other solenoid which is not connected to the voltage source is called the secondary coil. The 

use of transformers, for example, in the transmission of electric power over long distances, 

besides that it is used for impedance coupling between source and load, and to inhibit direct 

current but still flow alternating current [6]. 

The transformer is significant in the use of alternating current electricity, where each electrical 

equipment has a specific voltage source to run it, such as the ITK 15-2 triode tube power 

supply that requires a voltage of 7.2 V and a current of 200 A [7]. The transformer can also be 

used as an electrodynamic energy producer in a wireless temperature monitoring system [8]. 

The lifetime of the transformer can be affected by the transient currents that appear on it due 

to the presence of electromechanical forces [9]. The amount of maximum current allowed in 



 

| 34 

 

SPEKTRA: Jurnal Fisika dan Aplikasinya Volume 4 Issue 1, April 2019 

the transformer coil to avoid short circuit has been simulated [10]. Previous research on 

optimization of transformer performance due to energy losses due to flowing electric currents 

[11]. 

For the electric motor voltage source, the voltage generated depends on the rotation speed of 

the motor to measure the voltage generated by the electric motor fan installed on the motor, 

where the speed of the motor affects the rotational speed of the motor fan, so that it also affects 

the voltage generated [12]. Analyze the output voltage of a micro-hydro power generator 

against the frequency generator, where the frequency of the generator also affects the amount 

of central generated [13]. The voltage change resulting from the unstable rotation of the 

generator produces a transformer tap changer simulator that is a transformer simulator whose 

number of turns can be changed, so that if there is a voltage change to input the primary side 

it can be set on the tap changer to produce a fixed output voltage on the secondary coil [14]. 

The length of the coil also influences the effect of transformer voltage apart from the variation 

in the number of turns; this study analyzes the variation of the length of the primary coil to the 

electric force generated by the secondary coil on the transformer. 

RESEARCH METHOD 

The initial stage to be carried out in this study is to prepare the kocker (place of roll) from the 

primary coil and secondary coil. The number of turns on the primary coil is adjusted to the 

voltage used, which is 12 V, and the number of turns per coil is 10. So the number of turns in 

the primary coil made is 120 turns. As for the secondary coil, the number of turns is set at 300 

turns. The length variation of the primary coil is 1 cm to 15 cm with a difference of 1 cm rolled 

on the kocker, while the secondary coil is 3 cm, 6 cm, and 9 cm long. Furthermore, the primary 

and secondary coils are placed in the prepared area, as shown in FIGURE 3. 

 

FIGURE 3. Coil Design 

 

This study will measure the output or electromotive force (GGL) of the secondary coil in each 

variation of the primary coil. From these data, a graph of the relationship between the output 

voltage will be formed due to variations in the length of the primary coil so that it will be 

known the magnitude of the effect of the primary coil on the output voltage of the secondary 

coil. The measurement scheme carried out is shown in FIGURE 4. 
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FIGURE 4. Design voltage measurements on primary and secondary coils 

 

RESULTS AND DISCUSSIONS 

Analysis of the effect of variations in the length of the primary coil is done by finding the 

output voltage generated on the secondary coil. From these results, a graph is formed of the 

relationship between the output voltage of the secondary coil to the variation of the length of 

the primary coil. The graph obtained is shown in FIGURE 5, FIGURE 6, and FIGURE 7. 

 

FIGURE 5. The Graph Relationship of Output Voltage to Variation Coil Length (secondary 3 cm). 

 

 

FIGURE 6. The Graph of Relationship of Output Voltage to Variation Coil Length (secondary 6 cm). 
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FIGURE 7. The Graph Relationship of Output Voltage to Variation Coil Length (secondary 9 cm). 

 

From these figures, can be seen the change in output voltage to the length of the primary coil 

is linear. When the length of the primary coil is increasingly enlarged, the voltage generated 

on the secondary coil will be smaller. This occurs in all three different secondary coil lengths. 

As for the accuracy of the distribution of data on the linearity of the trend line graphs can be 

seen from the large R-square value, that is if the value of R-square is close to one (1), the 

accuracy of data distribution is getting better more accurate. For the R-square graph of the 

relationship of the length of the primary coil to the output voltage of the secondary coil at the 

length of the secondary coil 3 cm is worth 0.9603. This can be said that the distribution of data 

towards the linearity of trend line charts is quite accurate. Whereas the accuracy of the data 

distribution on the secondary coil length of 6 cm based on the trend line graph is also quite 

good, that is, the R-square shows a value of 0.9775. Moreover, on the length of the secondary 

coil 9 cm is worth 0.9822, this value indicates the accuracy of the distribution of data stuck to 

the graph of the graph is quite good. 

 

CONCLUSIONS 

This study has produced data on the output voltage changes in the secondary coils due to 

variations in the length of the primary coil, where the change in the size of the voltage gets 

smaller with the increasing length of the primary coil. Variations in the length of the primary 

coil have the same effect on the output voltage of the three different secondary coil lengths (3 

cm, 6 cm, and 9 cm). Graphically the effect of the variation of the primary coil on the output 

voltage at each secondary coil length changes linearly with the magnitude of R square 0.9603, 

0.9775, and 0.9822. This value indicates that the pattern of data distribution towards the graph 

trend line is quite good, which is close to the value of 1.00. 
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