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Magnetism 
Dz -¾ ï m - l ô - » Û -¼P - zŸ Û m ü  
 
Introduction 
P ô - v ô h ü 
 
The term magnetism comes from the region of Magnesia, a province of Greece, where magnetic 
stones, that means stones that attract iron, have been found 2000 years ago. We will see that 
magnetism is strongly related to electricity. And like electric forces, magnetic forces are much stronger 
than gravitational forces, since a magnet can lift up pieces of metal from the floor, easily overcoming 
the attraction of the earth. E.g. the magnets that are sticking to your teachers board, magnetic needle in 
a compass. 
Magnetism is a very important phenomenon these days, since it makes possible to convert mechanical 
energy into electrical energy (generators, power plants) and vice versa (motors). 
 
Dz-¾ïm-lô-»Û-¼P-zŸÛm-ŸïÅ-qºÛ-f-Ç‰h-hï-mÛ-JËÛ-¼Û-ÅÛ-»Û-IôP-Eï¼-¤ïG-mï-ÁÛ-»-ŸïÅ-q-hï¼-¤Û-¾ô- 2000 GôP-GÛ-lô-ŸÛG-z½‰ïh-»ôh-q-hï-
¾Å-‚ãP-z-ŸÛG-»Ûm-bïü lô-hïÅ-¿UGÅ-¼P-xôGÅ-ÅÞ-ºfïm-HÛÅ-»ôh-qºÛ-V-mÅ-f-Ç‰h-ºhÛ-fôG-¤¼-zïh-uôh-‚Åü P-±ôÅ-Dz-¾ïm-lô-»Û-
¼P-zŸÛm-hP-JÀôG-GÛ-GmÅ-ÇePÅ-È-TP-ºƒï¾-z-»ôh-q-ÁïÅ-ˆÛ-¼ïhü JÀôG-ÁÝGÅ-hP-¤Û-ºi-zºÛ-Dz-¾ïm-lôºÛ-ÁÝGÅ-mÛ-Gô-¾ºÛ-ºfïm-
ÁÝGÅ-¾Å-Vï-z-»ôhü GP-»Ûm-Ÿï-mü Dz-¾ïm-lô-»Û-Gô-¾ºÛ-ºfïm-ÁÝGÅ-zL¾-bï-¿UGÅ-hÝ¤-n¤Å-ÅºÛ-PôÅ-mÅ-¾Å-ÇÀ-qôºÛ-PP-
ºhïGÅ-fÞz-qºÛ-Mã-¤±m-HÛ-»Ûmü hqï-¤±ômü (hGï-Lm-HÛ-qP-¾ïz-ÇeïP-»ôh-qºÛ-Dz-¾ïm-lô-hP-xôGÅ-Çeôm-ºDô¼-¾ôºÛ-mP-»ôh-qºÛ-
Dz-¾ïm-lôºÛ-¿UGÅ-G¸ï¼-ÅôGÅ-ºhïGÅ-fÞz-qü) 
Dz-¾ïm-lô-»Û-¼P-zŸÛm-mÛ-hïP-hÝÅ-È-TP-G¾-Vïm-HÛ-VôÅ-ZÛh-ŸÛG-»Ûm-bïü hï-¾-zdïm-mÅ-ºyâ¾-ÁÝGÅ-n¤Å-JÀôG-ÁÝGÅ-¾-ºwô-
zNå¼-‚ïh-q- (JÀôG-ºhôm-ºyâ¾-ºDô¼-¼ÛGÅü )hP.ü »P-JÀôG-ÁÝGÅ-n¤Å-ºyâ¾-ÁÝGÅ-ÅÞ-ºwô-zNå¼-‚ïh-ˆÛ-»ôhü  
 
 
Where else do we find magnets in our everyday life? Write it down: 
P-±ôÅ-hÝÅ-Mãm-Dz-¾ïm-lô-GP-hP-GP-hÝ-»ôh-q-ÁïÅ-q-n¤Å-ƒÛÅ-¼ôGÅü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
 
 
But first simply talk about magnets and the magnetic force. 
(GP-¿e¼-»P-fôG-¤¼-Dz-¾ïm-lô-hP-Dz-¾ïm-lôºÛ-ÁÝGÅ-Ç+ô¼-¾-ºIï¾-zÁh-‚ïh-ˆÛ-»Ûm) 
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Magnetic poles 
Dz -¾ ï m - l ô - » Û - Ç o ï ü  
 
If you suspend a bar magnet (a magnet in shape of a bar) at its center by a piece of string, you’ll have a 
compass. One end will point northward, we will call it the north pole of the magnet, the other end will 
point southward, and this end will be called south pole. 
 
h‚ãG-¹â¤-Tm-HÛ-Dz-¾ïm-lô-»Û-hˆÛ¾-mÅ-Ç+Ýh-qÅ-zbGÅ-ÁÛP-hrP-q-»Ûm-m-xôGÅ-Çeôm-ºDô¼-¾ô-¿e-zÞ-ºIâz-ˆÛ-»ôhü hï-»Û-Çoï-GTÛG-
‚P-xôGÅ-ÅÞ-D-zÇem-q-¾-zdïm-mÅ-‚P-Çoï-¸ï¼-z-hP-Çoï-GŸm-hï-¿Ëô-xôGÅ-ÅÞ-D-zÇem-q-¾-zdïm-mÅ-¿Ëô-Çoï-¸ï¼-HÛ-»ôhü  
 

 
 

 
 
Investigating how two magnets interact, we will find out that the south pole of one magnet is always 
attracted by the north pole of the other. But if we try to put two south poles together, we will feel a 
repellent force. The same for two north poles. That means 
Like poles repel each other, opposite poles attract each other. 
A magnet is always built up of two pole. You cannot find or create a magnet with only a south pole 
and without north pole or vice versa. So magnets are said to be bipolar (“bi” means two in Latin).  
Single magnetic poles do not exist, magnets are always bipolar. 
 
lô-Dz-¾ïm-GZÛÅ-wm-±ßm-ºƒï¾-¾¤-WÛ-¿e¼-»ôh-¤ïh-zdG-q-mü Dz-¾ïm-lô-GTÛG-GÛ-¿Ëô-Çoï-hï-Dz-¾ïm-lô-GŸm-ŸÛG-GÛ-‚P-Çoï-xôGÅ-
ÅÞ-ºfïm-HÛ-»ôh-q-ÁïÅ-fÞzü »Ûm-mºPü ¿Ëô-Çoï-GZÛÅ-wm-±ßm-Zï-ºI¤-hÝ-ºEï¼-ºôP-z-m-hï-GZÛÅ-wm-±ßm-xÛ¼-z¹ôG-‚ïh-ˆÛ-»ôh-q-
ÁïÅü ‚P-Çoï-GZÛÅ-ˆÛ-GmÅ-ÇePÅ-ˆP-ºhÛ-¿e¼-»Ûmü hïºÛ-Gô-hôm-mÛü 
Ç o ï - ¤ f Þm - q -» Û m - m - w m - ± ß m - x Û¼ - z¹ ô G - ‚ ï h - ˆ Û - » ô h - q - h P ü Ç o ï - ¿ k ô G - qÅ - w m - ± ß m - º f ï m - H Û - » ô h ü  
Dz-¾ïm-lô-mÛ-Çoï-GZÛÅ-ˆÛ-zOæz-q-ŸÛG-»Ûm-bïü Dz-¾ïm-lô-¾-¿Ëô-Çoï-¤ïh-q¼-‚P-Çoï»ôP-¤Û-ÆÛh-q-hP-‚P-Çoï-¤ïh-q¼-¿Ëô-Çoï-»ôP-¤Û-ÆÛhü 
hï¼-zdïm-Dz-¾ïm-lô-¾-Çoï-GZÛÅ-¿km-(Bipolar)¸ï¼-HÛ-»ôhü (¾ï-‡Ûm-Ç+h-»ÛG-mPü bi     ŸïÅ-q-hï-IPÅ-GZÛÅ-¾-Gôºôü) 
Ç o ï - G T Û G - ¿ k m - H Û - D z -¾ ï m - l ô - Ÿ Û G - z½ ‰ ï h - M ã - ¤ ï h -¾ ü Dz -¾ ï m - l ô - m Û - dG - b à - Ç o ï - GZ Û Å - ¿ k m - Ÿ Û G -
hG ô Å ü 
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Can you see any similarity to the behaviour of electric charges? Write it down: 
Eïh-ˆÛ-Dz-¾ïm-lôºÛ-Eh-VôÅ-hP-JÀôG-DÞ¼-HÛ-Eh-VôÅ-¤±ßPÅ-q-n¤Å-ƒÛÅ-¼ôGÅ-GmPü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
What is different? 
hï-GZÛÅ-z¼-¾-¤Û-¤±ßPÅ-qºÛ-Eh-VôÅ-GP-ºhÝG-G¤ü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 

Magnetic fields 
Dz -¾ ï m - l ô - » Û -¼ - z ü 
 
We know that magnetic force acts in distance. We can lift some iron piece from the floor without 
touching it, also like poles of two magnets do repel each other without touching. Now it would be 
interesting to know where exactly magnetic forces are acting in space and how strong they are. So we 
put some iron filings on a sheet of paper which is placed on a magnet. 
  
P-±ôÅ-¤Eïm-GÅ¾-¿e¼-Dz-¾ïm-lô-»Û-ÁÝGÅ-ˆÛ-MP-¼ÛP-mÅ-ÁÝGÅ-Aïm-vh-fÞzü P-±ôÅ-¿UGÅ-hÝ¤-¼ï-ŸÛG-ÅºÛ-PôÅ-mÅ-¤-ºyh-
mºP-»¼-ºhïGÅ-fÞz-q-hPü hï-zŸÛm-Dz-¾ïm-lô-GZÛÅ-ˆÛ-Çoï-¤fÞm-q-GZÛÅ-¤-ºyh-mºP-wm-±ßm-xÛ¼-z¹ôG-‚ïh-fÞzü hï¼-zdïm-
Dz-¾ïm-lôºÛ-ÁÝGÅ-hï-z¼-ÇoP-GP-hÝ-¾Å-;-‚ïh-ˆÛ-»ôh-q-hP-hï-zŸÛm-hï-hG-ÁÝGÅ-Vï-VßP-ÅôGÅ-ÁïÅ-fÞz-MãºÛ-¤hÝm-q-ŸÛG-P-±ô¼-
»ôP-GÛ-»ôhü hï¼-zdïm-P-±ôÅ-ÁôG-¾ô-ŸÛG-GÛ-ÇeïP-¿UGÅ-xï-»ôh-q-hï-Dz-¾ïm-lô-ŸÛG-GÛ-ÇeïP-hÝ-ºWôG-GÛ-»Ûmü 
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The shape which is revealed by the filings is called the magnetic field. Where the lines are closer 
together, the magnetic field is stronger. This means that some iron will be attracted with a bigger force 
than at places where the lines are wider apart. If we place a small compass anywhere in the field, its 
poles will line up with the lines of the magnetic field. 
 
¿UGÅ-xï-hï-hG-GÛ-h‚ÛzÅ-G¸ÞGÅ-Iâz-q-hï-¾-D z -¾ ï m - l ô - » Û -¼ - z -(Magnetic field)¸ï¼ü ¿UGÅ-xïºÛ-fÛG-¼Þz-¼Þz-»ôh-
Å¼-Dz-¾ïm-lôºÛ-¼-zºÛ-ÁÝGÅ-Vï-z-»ôhü Mã-¤±m-hï-¾-zdïm-mÅ-¿UGÅ-xï-D-ÁÅ-¿UGÅ-xïºÛ-fÛG-MP-Å¼-»ôh-q-¾Å-ÁÝGÅ-Vï-zÅ-
ºfïm-HÛ-»ôhü G¾-ÆÛh-P-±ôÅ-¼-zºÛ-GmÅ-GP-hÝ-xôGÅ-Çeôm-ºDô¼-¾ô-ŸÛG-zŸG-q-»Ûm-mü hïºÛ-Çoï-Dz-¾ïm-lôºÛ-¼-zºÛ-fÛG-xôGÅ-
ÅÞ-D-zÇem-HÛ-»ôhü  
 
Here you see the example of the magnetic field of two magnets, put once with attracting poles next to 
each other, once with repelling poles: 
Eïh-ˆÛ-Dz-¾ïm-lô-GZÛÅ-ˆÛ-¼-zºÛ-hqï-¤±ôm-G¸ÛGÅ-Å¤ü ºfïm-¼ïÅ-»ôh-qºÛ-Çoï-GZÛÅ-Zï-ºI¤-hÝ-ºWôG-q-hP-xÛ¼-z¹ôG-qºÛ-Çoï-
GZÛÅ-Zï-ºI¤-hÝ-ºWôG-Çeï-G¸ÛGÅü  
 

 
 
Which very popular magnetic field do you already know? And what do we use it for? 
Eïh-ˆÛ-G¾-Vïm-HÛ-Dz-¾ïm-lôºÛ-¼-z-GP-ÁïÅ-Å¤ü hï-GP-¾-zïh-uôh-»ôh-h¤ü  
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
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Magnetism on atomic level 
l Ý ¾ - y m -GmÅ -Ç e PÅ - ˆ Û - D z -¾ ï m - l ô - » Û -¼P - zŸ Û m ü 
 
But what is the cause of magnetism, where does it originate from? Scientists found out the following: 
Magnetic fields are created by charges in motion, either positive or negative ones.  
We know that electric current is defined by moving charges. But what about bar magnets for example? 
They are magnetic without being connected to an electric circuit, so where are the moving charges? 
The answer lies in the atomic level. Electrons are spinning about their own axes and do also revolve 
about the atomic nucleus. In most common magnets, magnetism is mainly caused by electron spin. 
Every spinning electron is a tiny magnet. The more electrons are spinning in the same direction, the 
stronger will be the resulting magnet. But since in most materials the spin directions of the electrons 
aren’t the same, only a few materials can be magnets (iron, nickel, cobalt and some alloys). 
 
Dz-¾ïm-lô-»Û-¼P-zŸÛm-HÛ-Mã-Aïm-GP-»Ûm-m¤ü hï-fôG-¤¼-GP-mÅ-‚ãP-P¤ü ±m-¼ÛG-q-±ô¼-GÁ¤-GÅ¾-GÅ¼-z½‰ïh-‚ãP-z-¼ïhü 
Dz -¾ ï m - l ô - » Û -¼ - z - n¤Å - m Û - J À ô G - D Þ ¼ - ºG Ý ¾ - zB ô h - ‚ ï h - ¤Dm -¾Å - zO æ zÅ - q - Ÿ Û G -» Û m ü h ï - »P -
w ô º Û - J À ô G - D Þ ¼ - h P - ¤ ô º Û - J À ô G - D Þ ¼ - G P -¼ ÞP -» Û m - Æ Û h ü 
P-±ôÅ-ÁïÅ-GÅ¾-¿e¼-JÀôG-Mãm-ŸïÅ-q-mÛ-¤ô-lÝ¾-G»ô-ºGÝ¾-‚ïh-¤Dm-ŸÛG-¾-PôÅ-º²Ûm-‚ïh-ˆÛ-»ôhü hï-¿e¼-»Ûm-mü h‚ãG-z¹â¤-
Tm-HÛ-Dz-¾ïm-lô-»Û-Ç+ô¼-GP-zXôh-fÞz-z¤ü hï-±ô-JÀôG-¾¤-¾-¤-¤fÞh-q-»Ûm-mºP-Dz-¾ïm-lô-»Û-¼P-zŸÛm-»ôh-hôü hï-¿e¼-m-ºGÝ¾-
zBôh-Tm-HÛ-¤ô-lÝ¾-hG-GP-hÝ-»ôhü iÛ-z-ºhÛºÛ-¾m-hÝ-lÝ¾-ym-HÛ-GmÅ-ÇePÅ-fôG-mÅ-ºIï¾-zXôh-‚ïh-fÞzü ¤ô-lÝ¾-n¤Å-¼P-¼P-
GÛ-±PÅ-fÛG-¾-ºDô¼-zBôh-‚ïh-q-¤-¸h-lÝ¾-ym-HÛ-¿eï-lÝ¾-¾ºP-hÝÅ-¤Z¤-ºDô¼-zBôh-‚ïh-ˆÛÅ-»ôhü uÛ¼-zbP-GÛ-Dz-¾ïm-lô-w¾-
Vï¼-Dz-¾ïm-lô-»Û-¼P-zŸÛm-mÛ-G®ô-zô-¤ô-lÝ¾-¼P-GÛ-±PÅ-fÛG-¾-ºDô¼-zBôh-‚ïh-q-¾-zdïm-mÅ-»Ûmü ¤ô-lÝ¾-¼P-GÛ-±PÅ-fÛG-¾-
ºDô¼-zBôh-‚ïh-¤Dm-»ôPÅ-µμôGÅ-Dz-¾ïïm-lô-VßP-PÞ-ŸÛG-»Ûmü  »Ûm-mºP-Mã-µμÅ-w¾-Vï¼-¤ô-lÝ¾-¼P-GÛ-±PÅ-fÛG-¾-ºDô¼-zBôh-
‚ïh-xôGÅ-¤Û-¤±ßPÅ-z¼-zdïm-Mã-µμÅ-ºGº-ŸÛG-Dz-¾ïm-lô-»Ûmü hqï¼-mü (¿UGÅ-hPü ;ô-„Ëï¾ü bàPü hï-zŸÛm-zÆïÅ-¿UGÅ-
D-ÁÅ-®¤ü) 
 
In magnetic materials, billions of atoms will line up with one another. Even if it’s billions of atoms, 
these domains are very small, even microscopic. These domains of aligned atoms are just like 
microscopic magnets, that’s why they’re called magnetic domains. 
  
Dz-¾ïm-lô-»Û-¼P-zŸÛm-»ôh-qºÛ-Mã-µμÅ-DG-mP-lÝ¾-ym-FG-ºFÛG-¤P-qô-GTÛG-ºWâG-GTÛG-GÛÅ-¤fÞh-mÅ-»ôhü lÝ¾-ym-FG-
ºFÛG-¤P-qô-»ôh-ˆP-hï-hG-GÛ-Dz-¾ïm-±ô¤-zÞ-n¤Å-mÛ-È-TP-y-zÅ-¤fôP-h;ºü ±ô¤-zÞ-Tm-HÛ-lÝ¾-ym-¼Þ-OÛGÅ-q-n¤Å-Dz-¾ïm-lô-
y-¤ô-ŸÛG-hP-ºiü hï¼-zdïm-hï-hG-¾-Dz-¾ïm-lô-»Û-±ô¤-zÞ-(Magnetic domains)¸ï¼ü  
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If put into a magnetic field, the magnetic domains will align themselves according to this magnetic 
field. It’s like little compass needles in the earth’s magnetic field. If taken out of the field again, they 
will normally lose this alignment. But if placed into strong magnetic fields they can keep this 
alignment for a long time, like a bar magnet. Also by a stroking movement of a magnet on an iron 
piece, the iron piece can be made magnetic for some time. Pieces of iron that keep their magnetic 
properties are called permanent magnets. Dropped or heated, magnets become weaker.  
 
G¾-ÆÛh-P-±ôÅ-Dz-¾ïm-lô-»Û-¼-z-ŸÛG-GÛ-mP-zŸG-q-»Ûm-mü Dz-¾ïm-±ô¤-zÞ-n¤Å-Dz-¾ïm-lô-»Û-¼-z-zŸÛm-¼Þ-OÛGÅ-ˆÛÅ-»ôhü hï-
»P-xôGÅ-Çeôm-ºDô¼-¾ôºÛ-zl-hï-Å-GŸÛºÛ-Dz-¾ïm-lô-»Û-¼-z-hP-¤fÞm-q¼-OÛGÅ-q-zŸÛm-»Ûmü G¾-ÆÛh-Dz-¾ïm-lô-»Û-¼-z-mÅ-xÛ¼-
ºfïm-q-»Ûm-m-hï-hG-GÛ-Dz-¾ïm-±ô¤-zÞ-OÛGÅ-xôGÅ-ºFâG-GÛ-»ôhü »Ûm-mºP.ü G¾-ÆÛh-P-±ôÅ-hï-hG-Dz-¾ïm-¼-z-ÁÝGÅ-Vï-ŸÛG-
GÛ-mP-zŸG-q-»Ûm-m-hïºÛ-OÛGÅ-xôGÅ-h‚ãG-z¹â¤-Tm-HÛ-Dz-¾ïm-lô-hP-ºi-z-»Þm-¼ÛP-GmÅ-fÞz-q-»Ûmü hï-zŸÛm-¿UGÅ-hˆãÅ-¤-
ŸÛG-»P-»P-Dz-¾ïm-lô-¾-zl¼-z-m-hï¼-Dz-¾ïm-lô-»Û-¼P-zŸÛm-GmÅ-Ç+zÅ-ŸÛG-zBïh-fÞzü ¿UGÅ-hÝ¤- 
ºGº-ŸÛG-GÛÅ-Dz-¾ïm-lô-»Û-Eh-VôÅ-¤Þ-¤fÞh-Z¼-fÞz-q-n¤Å-zdm-qºÛ-Dz-¾ïm-lô-(Permanent magnet)       ¸ï¼-
HÛ-»ôhü ¤¼-¿ËàP-z-hP-iôh-¾-zŸG-q-m-Dz-¾ïm-lô-»Û-¼P-zŸÛm-Z¤Å-LÝh-ºIô-»Û-»ôhü  

 

Electric current and magnetic fields 
J À ô G - M ã m - h P - Dz -¾ ï m - l ô - » Û -¼ - z ü  
 
Since a moving charge produces a magnetic field, it follows that a current of charges also produces a 
magnetic field. We can demonstrate this by placing a compass near to a current-carrying wire. When 
current is flowing, the compass needle will change its position, it lines up with the magnetic field of 
the current. We can also show it with iron fillings, that the magnetic field produced by a current-
carrying wire has the shape of concentric circles around the wire. When we change the direction of the 
current, the compass-needle will also turn around and be in opposite position than before. The 
direction of the magnetic field is changing with the direction of the current in the wire. 
This effect was first observed by chance in 1820. Then a Danish science professor named Hans 
Christian Oersted was doing some demonstration on the electric current in his classroom and he 
noticed that the needle of a magnetic compass, lying by accident near the current carrying wire, was 
affected by the current. You see, scientifical discoveries and technical inventions sometimes happen by 
accident! 
If you bent a current carrying wire to a loop, the magnetic field lines become bunched up inside the 
loop.  If you bent the wire to another loop, overlapping the first, the concentration of magnetic field 
lines inside the loops is doubled. It follows that the magnetic field intensity in this region is increased 
as the number of loops is increased. These loops of wire we will call a coil.  
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JÀôG-DÞ¼-ºGÝ¾-zBôh-‚ïh-¤Dm-HÛÅ-Dz-¾ïm-lôºÛ-¼-z-zCæm-HÛ-»ôh-mü JÀôG-DÞ¼-HÛ-Mãm-»ôh-q-ŸÛG-GÛ-»P-Dz-¾ïm-lô-»Û-¼-z-zCæm-
HÛÅ-»ôhü hï-P-±ôÅ-JÀôG-Mãm-ºiïm-¤Dm-HÛ-JÀôG-Ç+Ýh-ŸÛG-GÛ-Zï-ºI¤-hÝ-xôGÅ-Çeôm-ºDô¼-¾ô-ŸÛG-zŸG-Çeï-zÇeôm-fÞz-ˆÛ-»ôhü JÀôG-
Mãm-MãGÅ-zŸÛm-qºÛ-GmÅ-Ç+zÅ-ÅÞ-xôGÅ-Çeôm-ºDô¼-¾ôºÛ-zlºÛ-xôGÅ-Çeôm-xôGÅ-¾-ºHã¼-z-xÛm-bï-JÀôG-Mãm-HÛ-Dz-¾ïm-lôºÛ-¼-z-
hP-¤fm-q-¼Þ-OÛGÅ-ˆÛÅ-»ôhü hï-P-±ôÅ-¿UGÅ-xï-GmÅ-ÇePÅ-¾-Çeôm-fÞzü JÀôG-Mãm-ºiïm-¤Dm-HÛ-JÀôG-Ç+Ýh-¤fº-Ç+ô¼-¾-Dz-¾ïm-
lô-»Û-¼-z-n¤Å-ÇKô¼-¤ôºÛ-PP-VGÅ-ˆÛÅ-»ôhü G¾-ÆÛh-P-±ôÅ-JÀôG-Mãm-MãGÅ-xôGÅ-ºHã¼-z-mü xôGÅ-Çeôm-ºDô¼-¾ôºÛ-zlºÛ-D-
xôGÅ-¾-ºHã¼-z-ºIô-»Û-»ôhü JÀôG-Ç+Ýh-mP-JÀôG-Mãm-D-xôGÅ-ºHã¼-z-zŸÛm-Dz-¾ïm-lô-»Û-¼-zºÛ-D-xôGÅ-ˆP-ºHã¼-HÛ-»ôhü 
GmÅ-ÇePÅ-ºhÛ-fôG-¤¼- 1820 ¾ô¼-¤fôP-ÇoP-‚ãP-z-ŸÛG-¼ïhü hï-»P-‡ïm-¤@-(Denmark)     mÅ-»Ûm-qºÛ-±m-¼ÛG-
q- Hans Christian Oersted  »ÛÅ-º²Ûm-IºÛ-ÇÀôz-ºFÛh-GTÛG-GÛ-Ç+zÅ-ÅÞ-JÀôG-Mãm-HÛÅ-hïºÛ-Zï-ºI¤-hÝ-¾ÞÅ-qºÛ-Dz-¾ïm-Tm-
HÛ-xôGÅ-Çeôm-ºDô¼-¾ô¼-ÁÝGÅ-Aïm- ‚ïh-ˆÛ-»ôh-q-fôG-¤¼-ÁïÅ-»ôhü hï-¿e¼-mü P-±ôÅ-fÞGÅ-GmP-‚ïh-hGôÅ-q-ŸÛG-¾-±m-¼ÛG-GÛ-
GÅ¼-zbôh-hP-º²âGÅ-zCæm-hÝ-¤-ŸÛG-¾¤-ºIô-¾Å-‚ãP-z¼-ºhôh-VôGü 
G¾-ÆÛh-Eïh-ˆÛÅ-JÀôG-Mãm-ºiïm-¤Dm-HÛ-JÀôG-Ç+Ýh-hï-z;ÝG-mÅ-GÝG-¾ÞP-(Loop)z¸ôÅ-q-mü Dz-¾ïm-lôºÛ-¼-zºÛ-fÛG-n¤Å-GÝG-
¾ÞP-hïºÛ-mP-hÝ-zÇkÝÅ-ˆÛÅ-»ôhü »P-zB¼-Eïh-ˆÛ-JÀôG-Ç+Ýh-hï-z;ÝG-Çeï-GÝG-¾ÞP-GŸm-ŸÛG-z¸ôÅ-ŸÛP-hï-»P-Çkôm-HÛ-GÝG-¾ÞP-hï¼-
z¯ïGÅ-q-»Ûm-mü GÝG-¾ÞP-GÛ-mP-hÝ-»ôh-qºÛ-Dz-¾ïm-lôºÛ-¼-zºÛ-fÛG-GÛ-IPÅ-ˆP-¿kz-GTÛG-GÛ-¤P-hÝ-ºIô-»Û-»ôhü hï¼-zdïm-
GÝG-¾ÞP-IPÅ-ºzô¼-ºwï¾-z-zŸÛm-hï-ZÛh-ˆÛ-Dz-¾ïm-lôºÛ-¼-zºÛ-ÁÝGÅ-ˆP-hï-zŸÛm-ºwï¾-HÛÅ-»ôhü hï-ºiºÛ-GÝG-¾ÞP-Tm-HÛ-JÀôG-
Ç+Ýh-hG-¾-h=ÛÅ-Ç+ô¼-(Coil)¸ï¼ü 
 

Electromagnet 
J À ô G - l ô ü  
 

A current carrying coil of wire is an electromagnet. Its 
strength can be increased by increasing the current through 
the coil or also by adding more loops to the coil. Another 
possibility is to put a piece of iron within the coil. Magnetic 
domains in the iron then will align to the magnetic field of 
the coil and their field will add to the field of the coil.  
 
JÀôG-lô-mÛ-JÀôG-Mãm-ºiïm-¤Dm-HÛ-JÀôG-Ç+Ýh-h=ÛÅ-Ç+ô¼-ŸÛG-¾-Gô h=ÛÅ-Ç+ô¼-
mP-GÛ-JÀôG-Mãm-Çtï¾-z-hP-h=ÛÅ-Ç+ô¼-HÛ-GÝG-¾ÞP-Çoôm-q-ÅôGÅ-‚Å-q-»Ûm-mü 
JÀôG-lô-hïºÛ-mÝÅ-ÁÝGÅ-Çtï¾-fÞz-q-»Ûmü h=ÛÅ-Ç+ô¼-mP-hÝ-¿UGÅ-hÝ¤-zŸG-q-
hï-fzÅ-¾¤-GŸm-ŸÛG-VGÅ-ˆÛ-»ôhü hï-»P.¿UGÅ-hÝ¤-hïºÛ-Dz-¾ïm-±ô¤-zÞ-
n¤Å-h=ÛÅ-Ç+ô¼-HÛ-Dz-¾ïm-lôºÛ-¼-z-zŸÛm-xôGÅ-OÛ¾-‚ïh-q-hP-hïÅ-h=ÛÅ-
Ç+ô¼-HÛ-Dz-¾ïm-¼-zºÛ-P¼-ÁÝGÅ-Vï-¼Þ-GbôP-GÛÅ-»ôhü  
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Magnetic force on moving charged particles 
ºG Ý ¾ - z Ÿ Û m - qº Û - J À ô G - D Þ ¼ - T m - H Û - l Ý ¾ - H Û - Ç e ï P - h Ý - D z -¾ ï m - l ô - » Û - Á ÝGÅ ü 
 
Imagine electric charges in a static magnetic field, first charged particles at rest, then charged particles 
in motion (beam of electrons, like inside a TV-set). What will happen in those two cases? Is there any 
difference? 
JÀôG-DÞ¼-Tm-HÛ-lÝ¾-ºGº-ŸÛG-GÅô¼-GmÅ-Dz-¾ïm-lô-»Û-¼-z-ŸÛG-GÛ-mP-fôG-¤¼-P¾-GÅôºÛ-GmÅ-ÇePÅ-ÅÞ-»ôh-q-hP-hï-mÅ-ºGÝ¾-
zBôh-(ºGÝ¾-zŸÛm-qºÛ-¤ô-lÝ¾ü hqï¼-mü G¸ÞGÅ-¤fôP-½ÀâP-ºyÛm-mP-hÝ-»ôh-q-zŸÛmü)ˆÛ-GmÅ-ÇePÅ-ÅÞ-»ôh-q-ŸÛG-zÅ¤-„Àô-
GbôPü GmÅ-ÇePÅ-hï-GZÛÅ-mP-G-¼ï-º‚ãP-GÛ-»ôh-h¤ü hï-GZÛÅ-z¼-¾-Eh-q¼-TÛ-»ôh-h¤ü GÁ¤-¾-Dz-¾ïm-lôºÛ-¼-zºÛ-ÁÝGÅ-
ˆÛ-hqï-¤±ôm-D-ÁÅ-zÇem-»ôhü  
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
So only the charged particles in motion will be interacting with the field. Actually, these particles will 
experience a deflecting force. This force is growing with bigger charges, bigger magnetic field and 
bigger velocity of the moving charges. It will be maximal, for a given set of parameters (charge, 
magnetic field, velocity), if the velocity of the charges and the magnetic field lines are perpendicular ( 
= right angle = 90º)  one to the other. If they make an angle of 0º, that is when they are parallel, the 
resulting force will be zero. The direction of the force will be perpendicular to both velocity of the 
charge and magnetic field! 
 
hï-»P-ºGÝ¾-zBôh-JÀôG-DÞ¼-Tm-HÛ-lÝ¾-HÛÅ-Dz-¾ïm-lôºÛ-¼-zºÛ-¿Ëm-hÝ-ºƒï¾-z-»ôP-GÛ-»ôhü hï¼-zdïm-lÝ¾-hï-hG-¾-ˆôG-ÁÝGÅ-ˆÛ-
º±ô¼-ÇoP-ŸÛG-»ôP-GÛÅ-»ôhü JÀôG-DÞ¼-Tm-HÛ-lÝ¾-M-zBïh-xÛm-q-hPü Dz-¾ïm-lôºÛ-¼-z-M-zBïh-xÛm-qü hï-zŸÛm-JÀôG-DÞ¼-hï-hG-
GÛ-¤HôGÅ-±h-M-zBïh-xÛm-q-ÅôGÅ-ˆÛ-ÁÝGÅ-ˆP-Vï-¼Þ-ºIô-GÛÅ-»ôhü ÁÝGÅ-Vï-ÁôÅ-hï-GmÅ-ÇePÅ-GP-ŸÛG-¾-»ôP-GÛ-»ôh-h¤-Ÿï-
mü (JÀôG-DÞ¼ü Dz-¾ïm-¼-zü ¤HôGÅ-±hü)G¾-ÆÛh-JÀôG-DÞ¼-hïºÛ-¤HôGÅ-±h-hP-Dz-¾ïm-lôºÛ-¼-zºÛ-fÛG-GZÛÅ-wm-±ßm-z¼-
¾-ºxP-fÛG-VGÅ-hGôÅ-ˆÛ-»ôh-q-hï-»Ûmü (¸Þ¼-DÞG-Vï-±h- 90 ) G¾-ÆÛh-hï-GZÛÅ-z¼-HÛ-¸Þ¼-DÞG-hï->Àh-Ç+ô¼-»Ûm-mü fÛG-
GZÛÅ-qô-¤Z¤-zÁÛz-»Ûm-q-hP-hï-¾-zdïm-qºÛ-ÁÝGÅ-hï-»P->Àh-Ç+ô¼-»Ûmü ÁÝGÅ-ˆÛ-xôGÅ-hï-»P-JÀôG-DÞ¼-HÛ-¤HôGÅ-±h-fÛG-hP-
Dz-¾ïm-lôºÛ-¼-zºÛ-fÛG-ÅôGÅ-¾-ºxP-fÛG-hGôÅ-q-»Ûmü  
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Thus, for the case where the moving charges and the magnetic field lines are perpendicular to each 
other, the magnetic force  FM is: 
 
hï-zdïm-G¾-ÆÛh-ºGÝ¾-zBôh-Tm-HÛ-JÀôG-DÞ¼-hP-Dz-¾ïm-lôºÛ-¼-zºÛ-fÛG-GZÛÅ-wm-±ßm-ºxP-fÛG-»Ûm-mü hï-hG-¾-zdïm-qºÛ-ÁÝGÅ-
hï-ºhÛ-¿e¼-bïü 
 
FM=q*v*B 
 
Where  q = electric charge [C]  q = JÀôG-DÞ¼ü 
 v = velocity of the charge [m/s]  v = JÀôG-DÞ¼-HÛ-¤HôGÅ-±hü 
 B = magnetic field strength [T]  B = Dz-¾ïm-¼-zºÛ-Vï-±hü 
The unit of the magnetic field strength is [T], which is standing for Tesla. It is named after a famous 
scientist and engineer of Croatia, Nikola Tesla. He was inventing or improving lots of things in the 
field of generation, transportation and use of electricity around the year 1900. Following you find 
some examples of magnetic field strengths: 
 
Dz-¾ïm-lôºÛ-¼-zºÛ-ÁÝGÅ-Vï-VßP-GÛ-¯Û-GŸÛ-mÛ- Tesla »Ûm-q-hP-hïºÛ-¤±ôm-dGÅ-ÅÞ- T  ºƒÛ-hGôÅü f-Ç‰h-ºhÛ-mÛ-;ô-¼ô-ÁÛ-»-mÅ-
»Ûm-qºÛ-±m-¼ÛG-q- Nikola Tesla  ŸïÅ-qºÛ-¤ÛP-mÅ- ‚ãP-z-ŸÛG-»Ûmü DôP-xÛ-¾ô- 1900 ®¤-¾-G®ô-zô-JÀôG-zbôm-z;ôh-‚ãÅ-
hP-ü ºIÛ¤-ºIâ¾-hï-zŸÛm-JÀôG-GÛ-zïh-uôh-ÅôGÅ-GÅ¼-Gbôh-hP-M-zBïh-ÅôGÅ-ˆÛ-¾Å-;-‚ïh-ˆÛ-»ôhü 
 

 
 
An example for deflected electron beams can be found in space: Our earth's magnetic field protecting 
us of cosmic radiation.  
 
JÀôG-lÝ¾-HÛ-Mã-¾¤-ºEôG-qºÛ-hqï-¤±ôm-z¼-ÇoP-hÝ-¤fôP-Mã-»ôhü Å-GŸÛºÛ-Dz-¾ïm-lôºÛ-¼-zÅ-ZÛ-¸ï¼-Gmôh-Tm-¾Å-P-±ô-ÆâP-Bôz-
‚ïh-q-hï-»Ûmü 
Magnetic field of the earth 
Å -GŸ Û º Û - D z -¾ ï m - l ô º Û -¼ - z ü 

Object / hPôÅ-qôü magnetic field strenght /Dz-¾ïm-lôºÛ-¼-zºÛ-ÁÝGÅ-Vï-VßP.ü 
Space / z¼-ÇoP-ü 10-10T – 103T 

Earth / Gô-¾ü 3*10-5T 

Horseshoe magnet / 

dºÛ-©ÛGÅ-¿UGÅ-ºi-zºÛ-Dz-¾ïm-lôü 
0.001T 

Magnet resonance imaging /  
JÀôG-hq¼-¼ÛGÅ-ÁÛGü 7.2T 

Strongest magnetic field created in a 
laboratory / 
hrh-ŸÛz-DP-mP-zCæm-qºÛ-Dz-¾ïm-lôºÛ-¼-z-ÁÝGÅ-Vï-
ÁôÅü 

45T 

Some stars /Ç+¼-¤-D-ÁÅü 106T - 1013T 
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The earth itself is a huge magnet. That's why people can orientate themselves geographically with the 
help of a compass. In fact, the geographical pole and the magnetic pole are not located at the exact 
same place, but in most geographical latitudes, precision is sufficient. Generally spoken, the nearer to 
the earth equator you are, the smaller the difference of the north (south) direction shown by a compass 
to the geographical north (south) will be. This difference is known as the magnetic declination. 
 
ÅºÛ-Gô-¾-¼P-ZÛh-Dz-¾ïm-lô-Vïm-qô-ŸÛG-hP-ºiü Mã-¤±m-ºhÛ-¾-zdïm-mÅ-¤Û-±ôÅ-xôGÅ-Çeôm-ºDô¼-¾ô-¾ôPÅ-ÅÞ-uh-hï-Å-GŸÛºÛ-
xôGÅ-GP-»Ûm-º±ô¾-fÞz-ˆÛ-»ôhü hPôÅ-»ôh-GmÅ-±ß¾-¾ü Å-zÁh-ˆÛ-Çoï-hP-Dz-¾ïm-lôºÛ-Çoï-GZÛÅ-hÝÅ-GTÛG-¾-¤Z¤-hÝ-¤ïh-ˆP-
Å-zÁh-ˆÛ-ºyïh-fÛG-w¾-Vï-z-¾-¼ôz-¯ÛÅ-‚ïh-hï-ºfÞÅ-ˆÛÅ-»ôhü uÛ¼-zbP-zXôh-q-mü ¼P-ZÛh-Å-GŸÛºÛ-¤Þ-ºEãh-ˆÛ-Zï-ºI¤-hÝ-»ôh-
hÝÅü xôGÅ-Çeôm-ºDô¼-¾ôÅ-Çeôm-qºÛ-‚P-¿Ëô-hP-Å-GŸÛºÛ-‚P-¿Ëô-GZÛÅ-ˆÛ-Eh-q¼-»P-VßP-z-»ôhü Eh-q¼-hï-¾-lô-Dz-¾ïm-HÛ-Çoï-
ºyÛ- (magnetic declination) ¸ï¼-HÛ-»ôhü  
 
But how and why is the earth behaving in such magnetic manner? Think about and write down how 
this phenomenon could be explained, using the knowledge of magnetism you have acquired so far. 
»Ûm-mºPü Å-GŸÛÅ-Dz-¾ïm-lôºÛ-Eh-VôÅ-ºhÛ-¿e¼-Çeôm-qºÛ-Mã-¤±m-GP-»Ûm-hP-Çeôm-±ß¾-WÛ-¿e¼-»Ûm-m¤ü GmÅ-±ß¾-ºhÛ-¾-
zÅ¤-„Àô-zbP-hP-Dz-¾ïm-lôºÛ-¼P-zŸÛm-HÛ-ÇÀôz-±m-HÛ-ÁïÅ-‚-n¤Å-zïh-uôh-‚ïh-hï-VôÅ-ZÛh-ºhÛ-WÛ-¿e¼-ºIï¾-zXôh-‚ïh-h¤ü  
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
Maybe you just explained yourself how it really is. Because even scientists are not sure about it, they 
cannot prove the theories they have about the earth magnetic field. Fact is, that the earth's magnetic 
field has the same shape like if there would be a huge bar magnet at the center of the earth. It is 
interesting, but logical that the geographical North pole corresponds with the magnetical south pole 
and vice versa. This is because the magnetic pole of the bar magnet that is pointing North was called 
North Pole of the magnet. But we know, that unlike poles attract, that means that the north pole of the 
bar magnet must be attracted by the magnetic south pole of the earth! 
What most earth scientists think is that moving charges looping around within the molten part of the 
earth create the magnetic field. Some speculate that the electric currents are the result of convection 
currents (molten rocks that flow like a very viscous fluid) inside the earth generated by the heat rising 
from its central core. Combined with the rotational effects of the earth there would be a lot of charges 
in motion to produce the earth magnetic field. 
 
Eïh-ˆÛ-hï-WÛ-¿e¼-»ôh-¤ïh-ºIï¾-zXôh-‚ïh-»ôh-ÆÛhü ±m-¼ÛG-q-±ô-»P-hïºÛ-fôG-GÅ¾-qô-ÁïÅ-ˆÛÅ-¤ïh-hïü DôP-±ôÅ-Å-GŸÛºÛ-Dz-
¾ïm-lôºÛ-¼-zºÛ-Ç+ô¼-zXôh-q-zŸÛm-zhïm-q-DÞPÅ-Bï¾-h-z¼-‚ïh-fÞz-¤ïhü hPôÅ-»ôh-GmÅ-±ß¾-ŸÛG-¾-ÅºÛ-Gô-¾ºÛ-Dz-¾ïm-¼-z-mÛ-
Gô-¾-¼P-GÛ-hzÞÅ-ÅÞ-Dz-¾ïm-lô-Vïm-qô-ŸÛG-»ôh-qºÛ-hzP-hÝ-zbP-mü hïºÛ-¼-z-WÛ-¿e¼-VGÅ-q-zŸÛm-hï-¿e¼-»ôh-q-zXôh-ˆÛ-»ôhü 
»Ûm-mºP-»-¤±m-ŸÛG-¾-Å-zÁh-ˆÛ-‚P-Çoï-Dz-¾ïm-lôºÛ-¿Ëô-¾-ºDï¾-z-hP-Å-zÁh-ˆÛ-¿Ëô-Dz-¾ïm-lôºÛ-‚P-¾-ºDï¾-ˆÛ-»ôhü hï-mÛ-
h‚ãG-¹â¤-Tm-HÛ-Dz-¾ïm-lôºÛ-‚P-Çoï-mÛ-¼P-ZÛh-ˆÛ-Çoï-‚P-xôGÅ-ÅÞ-zÇem-q-z¯Û-»Û-»ôh-qºÛ-Mã-¤±m-HÛ-»Ûmü »Ûm-m-»P.ü P-±ôÅ-
ÁïÅ-GÅ¾-Çoï-¤fÞm-q-GZÛÅ-dG-bà-¹ôG-¼ïÅ-»ôhü hï¼-zdïm-Å-zÁh-ˆÛ-‚P-Çoï-hï-Dz-¾ïm-lôºÛ-¿Ëô-Çoï-¾-ºDï¾-HÛ-»ôh-q-GÅ¾ü   
»Ûm-mºP-±m-¼ÛG-q-w¾-Vï-zºÛ-zÅ¤-±ß¾-GTÛG-¤fÞm-¾-Å-GŸÛ-¾-Dz-¾ïm-lôºÛ-¼-z-»ôh-qºÛ-Mã-¤±m-mÛ-JÀôG-DÞ¼-ºGÝ¾-zBôh-Tm-
n¤Å-Gô-¾ºÛ-lô-ŸÝm-HÛ-V-ÁÅ-ÅÞ-ºGÝ¾-z-ºÛ-Aïm-‚ïh-q¼-ºhôhü  »P-ºGº-ÁÅ-ˆÛÅ-hï-n¤Å-±-iôh-JÀôG-Mãm-(convection 

currents )Gô-¾ºÛ-hˆÛ¾-DôG-mÅ-fôm-qºÛ-iôh-hïºÛ-ÁÝGÅ-Aïm-hPü Gô-¾-¼P-Ç+ô¼-‚ïh-q-hï-GZÛÅ-¾Å-Iâz-qºÛ-zÅ¤-±ß¾-»P-»ôhü  
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Another interesting fact is the instability of the earth's magnetic field. Of course we're not talking of 
changes that occur from one day to another, but 700'000 years ago, there was even a reversal of the 
north and the south pole, after the magnetic field had become more and more weak. So where now is 
north, was south before and vice versa. Such reversals occur irregularly about every 500'000 years. 
How do we know this? Have there already been any scientists at that time? Of course not! But in 
solidificated sediments in the sea or stones build by solidificated lava of volcanoes on land, there are 
some little amounts of iron. When the lava is hot, there is no magnetic alignment of the iron particles. 
But while the lava is cooling down, there is some of this iron which will align with the momentary 
magnetic field of the earth. Now if scientists can determine the age of the stones or sediments, means 
how long ago they solidified, they will know about the direction and strength of the earth's magnetic 
field at that time. 
But fortunately the earth's magnetic field is stable at the moment. Because it deflects most of cosmic 
rays (charged particles, which are harmful to any living) coming from outer space or from the sun. 
 
Gô-¾ºÛ-Dz-¾ïm-lô-»Û-¼P-zŸÛm-zdm-qô-¤ïh-q-hï-mÛ-Eh-q¼-Tm-HÛ-hPôÅ-ºƒï¾-GŸm-ŸÛG-»Ûmü GP-¿e¼-»P-ZÛ-¤-GTÛG-GZÛÅ-ˆÛ-
ºHã¼-zºÛ-Ç+ô¼-zXôh-ˆÛ-¤ïh-¾ü »Ûm-mºP-Dz-¾ïm-lô-»Û-¼-z-¼Û¤-HÛÅ-Z¤Å-q¼-zdïm-¤Û-¾ô-‚ï-z-zhÝm-®¤-GôP-¾-¿Ëô-‚P-GÛ-Çoï-»P-
zXï-ºHã¼-‚ãP-»ôhü  h-¿e-Ï‚P-xôGÅ-»Ûm-q-hï-Çkôm-¤-¿Ëô-xôGÅ-»Ûm-q-hP-Gô-¼Û¤-¿kôG-ˆP-ÆÛhü dG-q-zdm-q-¤ïh-qºÛ-zXï-ºHã¼-
hï-¤Û-¾ô-‚ï-z-¿k-¼ï-mP-‚ãP-GÛÅ-»ôhü ºhÛ-P-±ôÅ-WÛ-¿e¼-ÁïÅ-Å¤ü hï-hÝÅ-±m-¼ÛG-q-»ôh-¤ïh-zXôh-fÞz-z¤ü ±m-¼ÛG-¤ïh-q-GÅ¾-
qô-»Ûmü »Ûm-mºP-M-¤±ôºÛ-ºôG-bà-Ç‰ÛGÅ-zÅGÅ-Tm-HÛ-ƒG-lô-hP-Å-ÇeïP-¤ï-¼Û-¾Å-‚ãP-zºÛ-lô-ŸÝm-¤FïGÅ-ºHã¼-n¤Å-ˆÛ-mP-hÝ-
¿UGÅ-µμÅ-ZÝP-ÁÅ-»ôhü ¤Û-¼Û-¾Å-‚ãP-zºÛ-lô-ŸÝm-hï-hG-±-qô-»ôh-hÝÅ-¿UGÅ-lÝ¾-n¤Å-Dz-¾ïm-lô-»Û-xôGÅ-OÛ¾-‚ïh-ˆÛ-¤ïh-ˆP-ü 
»Ûm-mºP-lô-ŸÝm-hï-hG-IP-¤ô¼-ºHã¼-hÝÅ-¿UGÅ-lÝ¾-ºGº-ŸÛG-Gô-¾ºÛ-Dz-¾ïm-lô-»Û-¼-z-WÛ-¿e¼-»ôh-q-zŸÛm-xôGÅ-OÛ¾-‚ïh-ˆÛÅ-
»ôhü G¾-ÆÛh-±m-¼ÛG-q-±ôÅ-ƒG-lô-hP-Ç‰ÛGÅ-zÅGÅ-hï-hG-GÛ-¾ô-WÛ-®¤-»Ûm-q-ÁïÅ-fÞz-qº¤-hï-hG-¤FïGÅ-qô¼-G-hÝÅ-ºHã¼-z-
ÁïÅ-fÞz-q-»Ûm-mü DôP-±ôÅ-hïºÛ-hÝÅ-ˆÛ-Dz-¾ïm-lô-»Û-¼-zºÛ-xôGÅ-hP-ÁÝGÅ-Vï-VßP-ÁïÅ-fÞz-ˆÛÅ-»ôhü  
GmÅ-±ß¾-¾ïGÅ-q-ŸÛG-¾-h-¿e-Gô-¾ºÛ-Dz-¾ïm-lô-»Û-¼-z-hï-zdm-qô-»ôhü Mã-¤±m-ºhÛ-¾-zdïm-mÅ-z¼-ÇoP-xÛ-¤ºÛ-ºôh-¸ï¼-nô-P¼-
Tm-(ÆôG-VGÅ-¾-Gmôh-±z-Vï-zºÛ-JÀôG-DÞ¼-Tm-HÛ-lÝ¾ü)n¤Å-¾¤-ˆôG-q¼-‚ïh-hï-Gô-¾ºÛ-Å-PôÅ-º‚ô¼-z¼-z;G-ºGôG-‚ïh-ˆÛ-
»ôhü  
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Explain why cosmic rays are deflected by the earth's magnetic field. 
Gô-¾ºÛ-Dz-¾ïm-lô-»Û-¼-zÅ-ºôh-¸ï¼-nô-P¼-Tm-n¤Å-TÛ-xÛ¼-¾¤-ˆôG-GÛ-»ôh-q-ºIï¾-zXôh-‚ïhü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
Is the deflection the same on any place on earth? If not, explain why! 
Gô-¾ºÛ-xôGÅ-»ôPÅ-¾-ºôh-¸ï¼-ˆôG-ÇePÅ-¤±ßPÅ-ˆÛ-»ôh-h¤ü G¾-ÆÛh-¤ïh-mü Mã-¤±m-ºIï¾-zXôh-GmP-¼ôGÅü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 

Biomagnetism 
B ï - h P ô Å - ˆ Û - D z -¾ ï m -¼P - zŸ Û m ü  
 
There are even organisms which are making use of the earth's magnetic field. Certain bacteria 
biologically produce grains of magnetite (iron containing mineral, Fe3O4) that they string together to 
form internal compasses. With the help of this sense of direction the bacteria are able to locate food 
supplies.  
Also pigeons have been found to have magnetite magnets in their skulls what are connected with a 
large number of nerves to the pigeon brain. Like this, they can discern longitudinal directions and also 
latitude. 
Magnetic material has also been found in some bees, wasps, butterflies, sea turtles and fish. 
 
Gô-¾ºÛ-Dz-¾ïm-lô-»Û-¼-z-¾ôPÅ-ÅÞ-uôh-¤Dm-HÛ-ÆôG-VGÅ-ˆP-»ôhü y-ÆÛm-ºGº-ÁÅ-ˆÛÅ-Bï-hGôÅ-fôG-lô-Dz-¾ïm  
( magnetite  ¿UGÅ-lÝ¾-¿km-qºÛ-Gbï¼-µμÅ-)y-¤ô-¤P-qô-ºIâz-ˆÛ-»ôh-qÅ-hï-n¤Å-ºhÝÅ-ÁÛP-mP-DÞ¾-HÛ-xôGÅ-Çeôm-ºDô¼-¾ô-
ŸÛG-ºIâz-ˆÛ-»ôhü y-ÆÛm-±ôÅ-¼P-GÛ-xôGÅ-Çeôm-fÞz-qºÛ-º±ô¼-ÁïÅ-hï-zïh-uôh-‚ïh-hï-¼P-¾-¤Dô-zºÛ-¸Å-zTßh-º±ô¾-HÛÅ-»ôhü hï-
zŸÛm-ºP-GÝºÛ-;-q-¾ÛºÛ-mP-hÝ-»ôh-qºÛ-Dz-¾ïm-lô-y-¤ô-n¤Å-hï-hG-GÛ->Àh-qºÛ-mP-GÛ-FG-¯-y-¤ô-¾-¤fÞh-ºƒï¾-‚ïh-»ôh-ü hï¼-
zdïm-hï-hG-GÛ-Gô-¾ôºÛ-ºyïh-fÛG-hP-hˆãÅ-fÛG-ÅôGÅ-xôGÅ-n¤Å-¾ïGÅ-q¼-±ô¼-fÞz-ˆÛ-»ôhü  
£P-zÞ-hP-xï-¤-¾ïzü qô-hôP-¤ü M-¤±ôºÛ-¼ÞÅ-Ç~¾ü Z-ÅôGÅ-¾-»P-Dz-¾ïm-HÛ-Mã-µμÅ-»ôh-q-ÁïÅ-Åôü  
 



Science meets Dharma, 2006      Magnetism 

Alois Biner, Lhundup Dorjee   Page 14 of 22 

Magnetic force on current-carrying wires 
J À ô G - M ã m - º i ï m - ¤Dm - J À ô G - Ç + Ýh -Ç e ï P - Dz -¾ ï m - l ô - » Û - Á ÝGÅ ü 
 
We know now that moving electrical charges are influenced by magnetic fields. If we consider an 
electric wire with an electric current we also have moving electrical charges inside that wire. So, put in 
a magnetic field, there will be force acting on The electric current and because this current, means 
these moving charges are bound to the electric wire, the force will be applied on the wire. There again, 
this force will be perpendicular to both the magnetic field lines and the direction of the velocity of the 
moving charged particles, the electric current. Changing the direction of the current will change the 
direction of the resulting force.  
 
ºGÝ¾-zŸÛm-qºÛ-JÀôG-DÞ¼-¾-Dz-¾ïm-lô-»Û-¼-zÅ-Aïm-‚ïh-ˆÛ-»ôh-q-P-±ôÅ-ÁïÅ-ˆÛ-»ôhü JÀôG-Mãm-ºiïm-¤Dm-HÛ-JÀôG-Ç+Ýh-ŸÛG-¾-V-
zŸG-m-hïºÛ-mP-hÝ-JÀôG-DÞ¼-ºGÝ¾-zBôh-‚ïh-ˆÛ-»ôhü G¾-ÆÛh-hï-Dz-¾ïm-lô-»Û-¼-z-ŸÛG-GÛ-mP-hÝ-zŸG-q-»Ûm-mü JÀôG-Mãm-hï-¾-
ÁÝGÅ-ŸÛG-±ô¼-z-hP-JÀôG-Mãm-ŸïÅ-q-hïºP-JÀôG-DÞ¼-ºGÝ¾-zBôh-‚ïh-¤Dm-n¤Å-»Ûm-q-hP-hï-hG-JÀôG-Ç+Ýh-mP-hÝ-z¸ÞP-»ôh-q¼-
zdïm-ÁÝGÅ-hï-»ÛÅ-JÀôG-Ç+Ýh-hï-ºwÞ¾-HÛÅ-»ôhü hï-»P-ÁÝGÅ-hï-»ÛÅ-Dz-¾ïm-¼-zºÛ-fÛG-hP-JÀôG-DÞ¼-MãGÅ-xôGÅ-zTÅ-¾-ºxP-
fÛG-z¸ô-»ÛÅ-»ôhü JÀôG-Mãm-HÛ-MãGÅ-xôGÅ-ºHã¼-z-zŸÛm-hï-¾-zdïm-qºÛ-ÁÝGÅ-ˆÛ-xôGÅ-ˆP-ºHã¼-HÛ-»ôhü  
 

 
 
Why is this change of the direction happening? 
xôGÅ-hï-ºHã¼-hGôÅ-hôm-GP-»Ûm-m¤ü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
Do you know any other phenomenon comparable to this? 
hï-hP-¤fÞm-qºÛ-Iâz-hôm-GŸm-Eïh-ˆÛ-ÁïÅ-Å¤ü  
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
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Electric motors 
J À ô G -G Û - ¤ ô - ‡ ô¼ ü 
 
So a current carrying wire experiences a force in a magnetic field. This force is used in a technical 
application: the electric motor. 
 Dz-¾ïm-lôºÛ-¼-zºÛ-mP-hÝ-»ôh-qºÛ-JÀôG-Ç+Ýh-hïÅ-ÁÝGÅ-ŸÛG-±ô¼-HÛÅ-»ôhü ÁÝGÅ-hï-Vïh-¾Å-ÅÞ-zïh-uôh-»ôhü JÀôG-GÛ-¤ô-‡ô¼ü 
 

 
 
On the picture you see the simplified principle of an electric motor. The permanent magnet produces a 
magnetic field. A rectangular loop is turning about the axis which is drawn with a dashed line. The 
wire is connected to a voltage source (e.g. a battery), so a current will flow through the wire. This 
current has one direction in the upper part of the wire, and the opposite direction in the lower part of 
the wire (compared to the magnetic field). This means we have current carrying wires in a magnetic 
field. In the previous chapter we have seen that there will be a force attacking the wire. If the upper 
side of the wire is forced to the left, the lower side will be forced to the other direction, the right. This 
is because the current is flowing in the opposite direction (compared to the magnetic field) in the lower 
part of the wire. The result of these forces is a turning motion of the rectangular wire loop. This motion 
would last until the loop would reach a horizontal position. There the forces on the wire would give no 
more contribution on the rotational motion. The force on the part of the loop which was up before 
would act in one direction, the force on the part which was down would act in the other direction. The 
loop would stop its movement.  
That's why we will not supply the loop with current when it's near its horizontal position! You see that 
the stationary contact on the picture is interrupted at its horizontal position. Because of the inertia of 
the loop, it will continue turning until there will be contact to the power supply again. But, compared 
to the loop, we switched the polarity of the voltage source. That's why, again compared to the loop, the 
current will flow in the other direction. But compared to the magnet, the current in the part of the wire 
which is up now, has the same direction. According to the forces experienced by a current carrying 
wire, the force will act in the same direction as before. Thus, the rotation continues in the same 
direction as well. The same for the part of the wire which is down now. And the electric motor keeps 
on turning. 
 
Eïh-ˆÛ-hqï-¼ÛÅ-ºhÛºÛ-mP-JÀôG-GÛ-¤ô-‡¼-HÛ-PïÅ-Æô¾-¼ôz-®¤-¤fôP-fÞzü lô-Dz-¾ïm-Pô-¤Å-Dz-¾ïm-HÛ-¼-z-ºIâz-ˆÛ-»ôhü GÝG-¾ÞP-
Iâz-zŸÛ-m¼-¤ô-ŸÛG-Mãm-Vh-ˆÛ-±PÅ-fÛG-ŸÛG-¾-Ç+ô¼-»ôhü JÀôG-Ç+Ýh-hï-JÀôG-ÁÝGÅ-ˆÛ-º‚ãP-DÞPÅ-ŸÛG-¾-¤fÞh-»ôh-(hqï¼-mü 
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JÀôG-µμÅü) hï¼-zdïm-JÀôG-Ç+Ýh-hïÅ-JÀôG-Mãm-ºiïm-HÛÅ-»ôhü ÇeïP-GÛ-JÀôG-Ç+Ýh-mP-hÝ-JÀôG-Mãm-D-xôGÅ-GTÛG-bà-MãGÅ-q-hP-ºôG-
bà-»ôh-qºÛ-JÀôG-Ç+Ýh-mP-hÝ-JÀôG-Mãm-D-xôGÅ-¿kôG-Çeï-MãGÅ-ˆÛ-»ôhü (hï-»P-Dz-¾ïm-lôºÛ-¼-z-GŸÛ-zŸG-fôG-) hï-¿e¼-m-Dz-¾ïm-
lôºÛ-¼-z-ŸÛG-GÛ-mP-hÝ-JÀôG-Mãm-ºiïm-¤Dm-HÛ-JÀôG-Ç+Ýh-n¤Å-»ôhü GôP-GÛ-ÇÀôz-±m-mP-P-±ôÅ-JÀôG-Ç+Ýh-¾-ÁÝGÅ-Aïm-‚ïh-¤Dm-HÛ-
ÁÝGÅ-ŸÛG-»ôh-q-ÁïÅ-»ôhü G¾-ÆÛh-ÇeïP-GÛ-JÀôG-Ç+Ýh-hï-G»ôm-xôGÅ-ÅÞ-ÁÝGÅ-Aïm-ºfïz-q-»Ûm-m-ºôG-GÛ-JÀôG-Ç+Ýh-hï-¿kôG-xôGÅ-ÅÞ-
ÁÝGÅ-Aïm-ºfïz-ˆÛ-»ôhü hï-GP-»Ûm-Ÿï-mü Dz-¾ïm-¼-z-GŸÛ-zŸG-fôG-ºôG-GÛ-JÀôG-Ç+Ýh-mP-hÝ-JÀôG-Mãm-¿kôG-xôGÅ-ÅÞ-MãGÅ-ˆÛ-
»ôhü ÁÝGÅ-hï-±ôºÛ-ºƒÅ-zÞ¼-JÀôG-Ç+Ýh-GÝG-¾ÞP-m¼-¤ô-hï-ºDô¼-zBôh-ˆÛ-GmÅ-ÇePÅ-ÅÞ-ºHã¼-HÛ-»ôhü GÝG-¾ÞP-hï-fh-;¼-HÛ-
GmÅ-ÇePÅ-ÅÞ-¤-ÇÀïzÅ-z¼-ºDô¼-zBôh-‚ïh-zŸÛm-GmÅ-ˆÛ-»ôhü GmÅ-ÇePÅ-hï¼-ÁÝGÅ-ˆÛ-h¤ÛGÅ-zÅ¾-HÛ-ºDô¼-zBôh-‚ïh-q-¾-
ÁÝGÅ-Aïm-¤ïhü ÁÝGÅ-hïÅ-GÝG-¾ÞP-GôP-hÝ-ÇeïP-¾-»ôh-q-hï-xôGÅ-GTÛG-bà-G»ô-z-hP-ÁÝGÅ-GŸm-hïÅ-GÝG-¾ÞP-GôP-hÝ-ºôG-¾-»ôh-
q-hï-xôGÅ-GŸm-hÝà-G»ô-»Û-»ôhü hï¼-zdïm-GÝG-¾ÞP-GÛ-ºGÝ¾-zBôh-¤±¤Å-ºWôG-‚ïh-ˆÛ-»ôhü 
hï¼-zdïm-GÝG-¾ÞP-fh-;¼-GmÅ-ÇePÅ-ÅÞ-ºHã¼-±ï-P-±ôÅ-hï-¾-JÀôG-Mãm-¤Dô-vôh-‚ïh-ˆÛ-¤ïhü P-±ôÅ-hqï-¼ÛºÛ-ÇeïP-hÝ-G¸ÛGÅ-q-
zŸÛm-GÅô¼-GmÅ-fÞG-¤±¤Å-hï-fh-;¼-GmÅ-ÇePÅ-Ç+zÅ-ÅÞ-¯-z½ÀG-bà-ºIô-GÛ-»ôhü zï¤-GÁÛÅ-»ôh-q-¾-zdïm-mÅ-GÝG-¾ÞP-ÇÀ¼-
»P-JÀôG-Mãm-hP-¤-ºyh-z¼-¤Þ-¤fÞh-ºDô¼-zBôh-‚ïh-ˆÛ-»ôhü »Ûm-mºP-GÝG-¾ÞP-GŸÛ¼-zŸG-P-±ôÅ-JÀôG-ÁÝGÅ-º‚ãP-DÞPÅ-ˆÛ-Çoï-
¾-ºHã¼-z-zbP-q-»Ûmü hï¼-zdïm-GÝG-¾ÞP-GŸÛ¼-zŸG-JÀôG-Mãm-HÛ-MãGÅ-xôGÅ-ºHã¼-HÛ-»ôhü »Ûm-m-»P-Dz-¾ïm-lô-hï-GŸÛ¼-
zŸG-ÇeïP-GÛ-JÀôG-Ç+ÝP-mP-GÛ-JÀôG-Mãm-MãGÅ-xôGÅ-¾-ºHã¼-z-¤ïhü JÀôG-Mãm-ºiïm-¤Dm-HÛ-JÀôG-Ç+Ýh-hïÅ-ÁÝGÅ-WÛ-¿e¼-º±ô¼-z-
zŸÛm-ÁÝGÅ-ˆÛ-D-xôGÅ-ÇS¼-¿e¼-GmÅ-ˆÛ-»ôhü hï¼-zdïm-ºDô¼-zBôh-ˆÛ-GmÅ-ÇePÅ-ˆP-D-xôGÅ-hï-¼P-¾-GmÅ-ˆÛ-»ôhü GmÅ-
ÇePÅ-hï-JÀôG-Ç+Ýh-ºôG-¤-hï-¾-»P-hï-zŸÛm-»Ûmü hï-ºi-ÅôP-®P-JÀôG-GÛ-¤ô-‡¼-hï-ZÛh-zdm-hÝ-ºDô¼-fÞz-ˆÛ-»ôhü  
 
Which are the four reasons that keep this motor turning? 
JÀôG-GÛ-¤ô-‡¼-¤Þ-¤fÞh-ºDô¼-zBôh-‚ïh-fÞz-qºÛ-Mã-¤±m-zŸÛ-GP-hP-GP-»Ûm-m¤ü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 

Electromagnetic induction 
J À ô G - l ô º Û - J À ô G - zB ï h ü  
 
In the previous chapters, we have seen how electric current and other moving electric charges are 
influenced by magnetic fields. Thanks to these discoveries, it was possible to transform electric energy 
back into mechanical energy by means of motors. Around 1830, Michael Faraday in England and 
Joseph Henry in the USA both found out, that an electric current even could be produced by a 
magnetic field. This was a big discovery which changed the world in the following years. Because this 
discovery made it possible to convert energy of windmills, water turbines, Steam-electric plants and so 
on into electric energy, which is quite easy to transport to places far away from the production places 
of those energies.  
 
ÇÀôz-±m-Çkôm-¤¼-P-±ôÅ-Dz-¾ïm-lôºÛ-¼-zÅ-JÀôG-Mãm-hP-hï-¤Ûm-JÀôG-DÞ¼-ºGÝ¾-zBôh-Tm-n¤Å-ÁÝGÅ-Aïm-WÛ-¿e¼-»ôh-q-G¸ÛGÅ-»ôhü 
GÅ¼-z½‰ïh-hï-hG-¾-fÞGÅ-Xï-Vï-zŸÝ-hGôÅ-PïÅ-bïü h-V-¤ô-‡¼-zïh-uôh-‚ïh-hï-JÀôG-GÛ-mÝÅ-ÁÝGÅ-ºyâ¾-VºÛ-mÝÅ-ÁÝGÅ-ÅÞ-ºwô-zNå¼-
‚ïh-fÞz-ˆÛ-»ôhü xÛ-¾ô- 1830 ®¤-¾-h‚Ûm-WÛ-z-¤-Dï¾-w-¼-‡ï-hP-Í-¼Û-z-Wô-Åïz-Èïm-¼Û-GZÛÅ-;Å-Dz-¾ïm-lôºÛ-¼-zÅ-ˆP-JÀôG-
Mãm-zCæm-fÞz-ˆÛ-»ôh-q-GÅ¼-z½‰ïh-‚ãP-z-¼ïhü GÅ¼-z½‰ïh-G¾-Vïm-hïÅ-º‚ãP-ºHã¼-º²¤-JÀÛP-mP-ºHã¼-z-hÝ-¤-ŸÛG-‚ãP-»ôhü 
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GÅ¼-z½‰ïh-hï-¾-zdïm-mÅ-Vß-ºDô¼ü ºyâ¾-V-Í-¤-ÅôGÅ-ˆÛ-mÝÅ-ÁÝGÅ-JÀôG-GÛ-mÝÅ-ÁÝGÅ-¾-zXï-zNå¼-‚ïh-fÞz-q-»Ûm-q-¤-¸hü 
mÝÅ-ÁÝGÅ-hï-hG-z¸ô-zCæm-‚ïh-»Þ¾-mÅ-fG-¼ÛP-Å-GmÅ-ÅÞ-Bï¾-ºiïm-‚ïh-fÞz-ˆÛ-»ôhü  

 
Faraday and Henry both discovered that electric current can 
be produced in a wire simply by moving a magnet in or out 
of a coiled part of the wire. No battery or other voltage 
source is needed. 
 
 w-¼-‡ï-hP-Èïm-¼Û-GZÛÅ-;Å-JÀôG-Ç+Ýh-ˆÛ-h=ÛÅ-Ç+ô¼-ŸÛG-GÛ-mP-hÝ-Dz-¾ïm-lô-
ŸÛG-mP-„ÀâGÅ-xÛ¼-ºfïm-‚ïh-q-m-JÀôG-Ç+Ýh-hïºÛ-ÇeïP-hÝ-JÀôG-Mãm-zCæm-fÞz-q-
GÅ¼-Gbôh-‚Åü Ç+zÅ-hï¼-JÀôG-µμÅ-hP-JÀôG-ÁÝGÅ-ˆÛ-º‚ãP-DÞPÅ-GP-
¾ºP-zdïm-¤Û-hGôÅ-q-»Ûmü 

 
They found out that voltage is caused, or induced by the relative motion between a wire and a 
magnetic field. And we know, that if there's voltage and you close the electric circuit, with a bulb or 
other resistance for example, there will be a current. The term relative motion simply means that either 
the magnetic field or the wire or both can be in motion. In fact, the change of the magnetic field will 
induce the voltage. 
 
DôP-±ôÅ-ÁïÅ-dôGÅ-ŸÛG-¾-JÀôG-ÁÝGÅ-hï-zŸÛm-JÀôG-Ç+Ýh-hP-Dz-¾ïm-lôºÛ-¼-zºÛ-hz¼-dïm-ºƒï¾-HÛ-ºGÝ¾-zBôh-¾Å-zBïh-q-ŸÛG-ÁïÅü 
P-±ôºÛ-ÁïÅ-GÅ¾-¾-JÀôG-ÁÝGÅ-ˆÛ-º‚ãP-DÞPÅ-ŸÛG-¾-Áï¾-lôG-»P-m-JÀôG-ºGôG-GŸm-ŸÛG-¤fÞh-q-m-JÀôG-¾¤-hï¼-JÀôG-Mãm-hP-¿km-
q-ºHã¼ü ºhÛ¼-zÁh-¤-fG-qºÛ-dïm-ºƒï¾-HÛ-ºGÝ¾-zBôh-ŸïÅ-q-hï-Dz-¾ïm-lô-hP-JÀôG-Ç+Ýh-»P-m-hï-GZÛÅ-;-ºGÝ¾-zBôh-ˆÛ-GmÅ-
ÇePÅ-ŸÛG-¾-¸ï¼ü hPôÅ-ºIï¾-‚Å-m-Dz-¾ïm-lôºÛ-¼-z-ºHã¼-z-zŸÛm-JÀôG-ÁÝGÅ-zBïh-q-»Ûmü  
 
The greater the number of loops of wire, the greater will be the induced voltage. Pushing a magnet into 
twice as many loops will induce twice as much voltage. Three times as many loops induce three times 
as much voltage and so on. This phenomenon of inducing voltage by changing the magnetic field in a 
coil of wire is called electromagnetic induction. 
 
These points are summarized in Faraday's law, which states: 
 
The induced voltage in a coil is proportional to the product of the number of loops and the rate 
at which the magnetic field changes within those loops. 
 
JÀôG-Ç+Ýh-ˆÛ-h=ÛÅ-Ç+ô¼-WÛ-®¤-»ôh-q-hï-zŸÛm-JÀôG-ÁÝGÅ-ˆÛ-º‚ãP-DÞPÅ-zBïh-fÞz-q-»Ûmü GÝG-¾ÞP-¿kz-GZÛÅ-®¤-¤P-z-»ôh-qºÛ-
mP-hÝ-JÀôG-ÁÝGÅ-ˆP-¿kz-GZÛÅ-ˆÛ-¤P-z-»ôhü GÝG-¾ÞP-¿kz-GÅÞ¤-®¤-¤P-z-»ôh-qºÛ-JÀôG-Ç+Ýh-mP-hÝ-JÀôG-ÁÝGÅ-ˆP-¿kz-GÅÞ¤-
HÛ-¤P-z-»ôh-q-zTÅ-Åôü JÀôG-Ç+Ýh-h=ÛÅ-Ç+ô¼-HÛ-Dz-¾ïm-¼-z-Wï-¤P-zbP-zÅ-JÀôG-ÁÝGÅ-zBïh-qºÛ-fzÅ-¾¤-hï-¾-J À ô G - l ô º Û -
J À ô G - zB ï h -¸ï¼ü  
 
GmÅ-±ß¾-ºhÛ-hG-w-¼-‡ºÛ-VôÅ-ZÛh-mP-hÝ-zÇkÝÅ-bïü hïºÛ-zXôh-hôm-mÛü 
 
J À ô G - Á ÝGÅ - zB ï h - q - h ï - G ÝG -¾ ÞP -G Û - IPÅ - ºz ô¼ - h P - h ï - hG -G Û - Ç e ï P - h Ý - D z -¾ ï m - l ô º Û -¼ - z - W Û - ¿ e¼ -
ºH ã¼ - H Û - » ô h - ¤ ï h - GZ Û Å - ºH ã¼ - z - h P - f h - ;¼ - d ï m - º ƒ ï¾ - » ô h ü 
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We have seen now, that a voltage is produced (induced) by moving a magnetic field near a loop of 
wire, or moving the loop near the magnetic field.  
Can you imagine a way of inducing a voltage in a loop of wire without using a magnet? 
P-±ôÅ-¤fôP-GÅ¾-¿e¼-JÀôG-ÁÝGÅ-mÛ-Dz-¾ïm-lôºÛ-¼-z-ŸÛG-JÀôG-Ç+Ýh-ˆÛ-GÝG-¾ÞP-ŸÛG-Zï-ºI¤-hÝ-ºGÝ¾-zBôh-‚ïh-qü »P-m-GÝG-
¾ÞP-Dz-¾ïm-¼-zºÛ-Zï-ºI¤-hÝ-ºGÝ¾-zBôh-‚ïh-qÅ-zCæm-q-»Ûmü 
Eïh-ˆÛ-Dz-¾ïm-lô-¤ïh-qºÛ-hzP-hÝ-ÇePÅ-bï-JÀôG-Ç+Ýh-ˆÛ-GÝG-¾ÞP-mP-hÝ-JÀôG-ÁÝGÅ-zCæm-fÞz-qºÛ-zÅ¤-±ß¾-»ôh-h¤ü  
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
 
Electromagnetic induction is used all around us. E.g. in the security system of an airport, where you 
are scanned if you carry any iron things. Or if you use an ATM card to draw out money from the 
ATM, the information of identification is stored magnetically on the card. If you listen to a tape 
recorder, the music on the tape is also stored magnetically. 
 
JÀôG-lôºÛ-JÀôG-zBïh-mÛ-P-±ôÅ-dG-bà-zïh-uôh-‚ïh-zŸÛm-»ôhü hqï-¤±ôm-hÝü Gm¤-fP-hÝ-zhï-ºWGÅ-Vïhü hï-»P-ºIÛ¤-ºIâ¾-zÅ-
¿UGÅ-¼ÛGÅ-Eï¼-»ôh-¤ïh-dôGÅ-Vïhü hï-zŸÛm-hPÞ¾-zbôm-ºyâ¾-ºDô¼-mÅ-hPÞ¾-zbôm-Vïhü hï-»P-¼P-GÛ-hqP-dGÅ-¾G-Eï¼-¾-
GmÅ-±ß¾-n¤Å-Dz-¾ïm-lôºÛ-GmÅ-ÇePÅ-fôG-z;ôh-OÛGÅ-‚Å-»ôhü hï-zŸÛm-hÝ-O-º²Ûm-ºDô¼-¾ôºÛ-mP-hÝ-¼ô¾-h‚PÅ-ˆÛ-O-n¤Å-
ˆP-Dz-¾ïm-lôºÛ-GmÅ-ÇePÅ-fôG-z;ôh-OÛGÅ-‚Å-»ôhü 
Alternating current (AC) 
Ç t ï¾ - M ã G - J À ô G - M ã m ü (AC) 
 
When a magnet is repeatedly plunged into and back out of a coil of wire, the direction of the induced 
voltage is alternating. As the magnetic field strength inside the coil is increased (magnet entering), the 
induced voltage in the coil is directed one way. When the magnetic field strength diminishes (magnet 
leaving), the voltage is induced in the opposite direction. This is how an alternating voltage is created 
or generated. If we draw the voltage, it will be a curve that rises first from zero, and then reaches a 
maximum point in either positive or negative voltage. Then the curve will go back to zero and will 
reach a maximum in the opposite way. Then it will go back to zero again and restart the same 
movement. 
 
 Dz-¾ïm-lô-ŸÛG-h=ÛÅ-Ç+ô¼-‚Å-qºÛ-JÀôG-Ç+Ýh-ŸÛG-GÛ-mP-hÝ-¤Þ-¤fÞh-mP-„ÀâGÅ-xÛ¼-zbôm-‚ïh-q-mü JÀôG-ÁÝGÅ-zBïh-q-hïºÛ-xôGÅ-
Çtï¾-MãG-‚ïh-ˆÛ-»ôhü Dz-¾ïm-lô-„ÀâGÅ-q-¾-zdïm-mÅ-h=ÛÅ-Ç+ô¼-ÇeïP-GÛ-Dz-¾ïm-lôºÛ-¼-z-Wï-¤P-ÅôP-zÅ-h=ÛÅ-Ç+ô¼-mP-JÀôG-ÁÝGÅ-
zBïh-q-hï-xôGÅ-GTÛG-bà-G»ôü Dz-¾ïm-lô-hï-xÛ¼-ºfïm-hÝÅ-Dz-¾ïm-lôºÛ-¼-z-Çkôm-¾Å-Wï-ZÝP-hÝ-ÅôP-zÅ-JÀôG-ÁÝGÅ-zBïh-qºÛ-
xôGÅ-¿kôG-GÛ-»ôhü hï-mÛ-Çtï¾-MãG-JÀôG-ÁÝGÅ-WÛ-¿e¼-zCæm-±ß¾-»Ûmü P-±ôÅ-JÀôG-ÁÝGÅ-hï-uôh-hÝÅ-fôG-¤¼->Àh-ÇKô¼-mÅ-GP-®¤-
¤fô-¼Þ-ÅôP-Çeï-IPÅ-ˆÛ-dGÅ-z¿eôÅ-¤ïh-GmÅ-ÇePÅ-¤fô-ÁôÅ-ÅÞ-ºHã¼-bï-ˆôG-fÛG-ŸÛG-¤Pômü hï-mÅ-ˆôG-fÛG-hï->Àh-ÇKô¼-hÝ-º‚ô¼-z-
hP-ÇÀ¼-»P-¿kôG-xôGÅ-ÅÞ-GmÅ-ÇePÅ-¤fô-ÁôÅ-Çtï¾-z-»Ûmü GmÅ-ÇePÅ-hï-¤Þ-¤fÞh-¼Û¤-zŸÛm-GmÅ-ˆÛ-»ôhü  
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This curve of the alternating voltage will be called a wave. If the magnet is moved in the way a 
pendulum is swinging, then we call the curve a “sine wave”. The frequency of this curve, that means 
the number of waves in a second, is the frequency of the alternating voltage. This frequency equals the 
frequency of the changing magnetic field within the loop. Frequency is measured in [Hz] which is 
spoken “hertz”. 
 
hï-ºiºÛ-ˆôG-fÛG-hï-¾-½ÀzÅ-ŸïÅ-¸ï¼ü G¾-ÆÛh-Dz-¾ïm-lô-hï-ZÛh-Vß-±ôh-ˆÛ-Ç+¼-VG-zl-zŸÛm-G»ô-z-mü hïºÛ-ºEôG-fÛG-¾- sine 

wave ºEôG-fÛG-hïºÛ-ºwï¾-ºIÛz-mÛ-Ç+¼-VG-GTÛG-mP-½ÀzÅ-IPÅ-¾-¸ï¼-ŸÛP-ü hï-mÛ-Çtï¾-MãG-JÀôG-ÁÝGÅ-ˆÛ-ºwï¾-ºIÛz-»Ûmü 
ºwï¾-ºIÛz-ºhÛ-mÛ-GÝG-¾ÞP-ÇeïP-GÛ-Dz-¾ïm-lôºÛ-¼-zºÛ-ºwï¾-ºIÛz-hP-¤±ßPÅ-Åôü ºwï¾-ºIÛz-mÛü hertz 

±h-ºW¾-HÛ-»ôhü 
Generators 
J À ô G - zb ô m - ºy â¾ - ºD ô¼ ü  
 
Another way of induce an alternating voltage is to move a coil or a simple loop rather than to move a 
magnet.  For example by rotating the coil or the loop in a stationary magnetic field. This arrangement 
is called a generator. You can see the simplified principle of a generator in the picture below:  
 
Çtï¾-MãG-JÀôG-ÁÝGÅ-zBïm-ÇePÅ-ˆÛ-fzÅ-¾¤-GŸm-ŸÛG-mÛ-Dz-¾ïm-lô-ºGÝ¾-z-¾Å-h=ÛÅ-Ç+ô¼-»P-m-GÝG-¾ÞP-hˆãÅ-¤-ŸÛG-ºGÝ¾-
Mã-hï-»Ûmü hqï¼-mü h=ÛÅ-Ç+ô¼-»P-m-GÝG-¾ÞP-zdm-hÝ-GmÅ-qºÛ-Dz-¾ïm-lôºÛ-¼-z-ŸÛG-GÛ-mP-hÝ-Ç+ô¼-zBôh-‚ïh-qü OÛG-º²âGÅ-
hï-¾-JÀôG-zbôm-ºyâ¾-ºDô¼-ŸïÅ-¸ï¼-z-»Ûmü JÀôG-zbôm-ºyâ¾-ºDô¼-HÛ-¯-º²Ûm-ÇezÅ-zhï-ŸÛG-GÁ¤-GÅ¾-ºi-hq¼-hÝ-zÇem-»ôhü  
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The next picture shows you the voltage which is induced while the loop is turning. You see that there 
is a change of the magnetic field inside the loop without moving the magnet. This change of the 
magnetic field can be shown by the increase and decrease of the number of magnetic field lines inside 
the loop. 
 
GÁ¤-HÛ-ºi-hq¼-hïÅ-GÝG-¾ÞP-ºDô¼-zBôh-‚ïh-q-¾-zdïm-mÅ-ºfïm-MôP-zBïh-q-zÇem-HÛ-»ôhü Eïh-ˆÛ-Dz-¾ïm-lô-hï-ZÛh-ºGÝ¾-HÛ-
¤ïh-ˆP-GÝG-¾ÞP-ÇeïP-GÛ-Dz-¾ïm-lôºÛ-¼-z-¾-ºHã¼-z-»ôh-q-ÁïÅ-fÞzü hï-ºiºÛ-ºHã¼-z-hï-GÝG-¾ÞP-ÇeïP-GÛ-Dz-¾ïm-¼-zºÛ-fÛG-Wï-
¤P-Wï-ZÝP-zbP-Çeï-zÇeôm-fÞz-ˆÛ-»ôhü 

 
When we start at number 1 on the picture, there is the maximum of magnetic field enclosed by the 
loop. The loop is turning towards number 2, so the magnetic field inside the loop is getting smaller, 
because less magnetic field lines are enclosed. The change of the field inside the loop is slow first and 
is getting faster until it reaches its maximum at position number 2. Thus, according to Faradays law, 
the induced voltage will rise from 0 at number 1 and will reach its maximum at number 2. Then the 
rate of change of the magnetic field inside the loop will get smaller until it will be zero at the position 
number 3. The same for the voltage. Further turning will increase the rate of change of the magnetic 
field again, and so the increase the induced voltage in the loop. But since the loop is upside down 
compared to position number 1, the induced voltage will change its sign, its polarity. At position 4, the 
rate of change of the magnetic field being at its maximum, so will be the voltage again, but with 
inverse polarity compared to position number 2. From 4 to 5, the rate of change is getting smaller and 
reach zero, thus the voltage also will do so. Then the whole circle will start again. 
 
P-±ôÅ-ºi-hq¼- 1 mÅ-¤Gô-z®ßGÅ-q-mü GÝG-¾ÞP-ÇeïP-hÝ-Dz-¾ïm-lôºÛ-¼-z-¤P-ÁôÅ-»ôhü GÝG-¾ÞP-hï-ºi-q¼- 2 qºÛ-Zï-
ºhzÅ-ÅÞ-ºDô¼-z-hP-hï-¾-zdïm-mÅ-GÝG-¾ÞP-ÇeïP-hÝ-»ôh-qºÛ-Dz-¾ïm-lôºÛ-¼-z-hï-hG-Wï-VßP-ÅôPü GP-»Ûm-Ÿï-mü Dz-¾ïm-¼-zºÛ-
fÛG-ym-zÞ-ŸÛG-¾Å-¤ïhü GÝG-¾ÞP-ÇeïP-GÛ-¼-zºÛ-ºHã¼-z-hï-fôG-¤¼-h¾-qô-»ôh-ˆP-¼Û¤-HÛ-ºi-q¼- 2 ¿e¼-GmÅ-ÇePÅ-¤fô-ÁôÅ-
hï¼-¤-ÇÀïzÅ-z¼-GôP-¤fô¼-ÅôP-z-»Ûmü w-¼-‡ï-»Û-VôÅ-ZÛh-GŸÛ¼-zŸm-mü JÀôG-ÁÝGÅ-zBïh-q-hï-GmÅ-ÇePÅ- 1 >Àh-ÇKô¼-mÅ-
ºwï¾-ŸÛP-¤f¼-GmÅ-ÇePÅ- 2 ¤fô-ÁôÅ-ÅÞ-ºHã¼-HÛ-»ôhü GÝG-¾ÞP-ÇeïP-GÛ-Dz-¾ïm-¼-zºÛ-ºHã¼-xôGÅ-Wï-VßP-hÝ-ÅôP-Çeï-GmÅ-
ÇePÅ- 3 q¼-ÇÀ¼-»P->Àh-ÇKô¼-hÝ-ºHã¼-HÛ-»ôhü JÀôG-ÁÝGÅ-GmÅ-ÇePÅ-¾ºP-GTÛG-¤±ßPÅ-»Ûmü ¤Þ-¤fÞh-ºDô¼-zBôh-‚ïh-
qÅ-Dz-¾ïm-lôºÛ-¼-zºÛ-ºHã¼-z-ÇÀ¼-»P-WÛ-Vï¼-GbôP-z-hP.ü hï¼-zdïm-GÝG-¾ÞP-ÇeïP-GÛ-JÀôG-ÁÝGÅ-zBïh-±ß¾-ºwï¾-HÛ-»ôhü »Ûm-
mºP.ü GmÅ-ÇePÅ- 1 GŸÛ¼-zŸG-GÛ-GÝG-¾ÞP-hï-¤Gô-ÇeïP-¿kôG-q¼-zdïm-JÀôG-ÁÝGÅ-zBïh-qºÛ-Çoï-¾-ºHã¼-z-ºIô-GÛ-»ôhü 
GmÅ-ÇePÅ- 4 Dz-¾ïm-lôºÛ-¼-zºÛ-ºHã¼-xôGÅ-Vï-ÁôÅ-»Ûm-qÅ-JÀôG-ÁÝGÅ-ˆP-hï-hï-zŸÛm-»Ûm-mºP-GmÅ-ÇePÅ- 2 GŸÛ¼-
zŸG-ÇÀ¼-»P-Çoï-¿kôG-GÛ-»ôhü GmÅ-ÇePÅ- 4 mÅ- 5 ¾-Dz-¾ïm-lôºÛ-¼-z-Wï-VßP-hÝ-ÅôP-Çeï->Àh-ÇKô¼-ºHã¼-z-hP-JÀôG-ÁÝGÅ-
ˆP-hï-hï-zŸÛm-»Ûmü hï-mÅ-ÇÀ¼-»P-¼Û¤-q-hï-¤Gô-º²âGÅ-‚ïh-ˆÛ-»ôhü 
Have a good look at the picture showing the generator. What does it look like? 
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JÀôG-zbôm-ºyâ¾-ºDô¼-HÛ-ºi-q¼-hï-¾-mm-G¸z-ˆÛ-G¸ÛGÅü hï-GP-ºi-ŸÛG-ºhÝG-G¤ü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
So the generator is build up like a motor. But while a motor is used to transform electric energy to 
mechanical work, a generator is used to change mechanical work into electric energy. Most of the 
electricity that we use when plugging devices to the line has been produced by generators. They are 
therefore very important in our present society. 
 
Mã-¤±m-hï-¾-zdïm-mÅ-JÀôG-zbôm-ºyâ¾-ºDô¼-hG-JÀôG-GÛ-¤ô-‡¼-¿e¼-z¸ô-»Û-»ôhü GP-¿eP-»P.ü ¤ô-‡¼-HÛ-JÀôG-GÛ-mÝÅ-ÁÝGÅ-
ºyâ¾-VºÛ-mÝÅ-ÁÝGÅ-ÅÞ-ºwô-zNå¼-‚ïh-q-hP-ü JÀôG-zbôm-ºyâ¾-ºDô¼-mÛ-ºyâ¾-VºÛ-mÝÅ-ÁÝGÅ-JÀôG-GÛ-mÝÅ-ÁÝGÅ-ÅÞ-ºHã¼-Mã-zïh-
uôh-‚ïh-ˆÛ-»ôhü P-±ôºÛ-JÀôG-VÅ-¤fÞh-Vïh-JÀôG-w¾-Vï-z-JÀôG-zbôm-ºyâ¾-ºDô¼-mÅ-zCæm-q-Á-ÇeG-»Ûmü hï-hG-hïP-hÝÅ-P-±ôºÛ-uÛ-
±ôGÅ-mP-¤ïh-hÝ-¤Û-¼ÞP-z-»Ûmü 
Transformers 
ºH ã¼ - G m ô m - º y â¾ - VÅ ü 
 
We already know that electric energy can be transported through electric wires.  Now we will see that 
it can also be transported through empty space! In the following picture you see how this is working: 
P-±ôºÛ-Áï¾-GÅ¾-¿e¼-JÀôG-GÛ-mÝÅ-ÁÝGÅ-mÛ-JÀôG-Ç+Ýh-Mãh-Bï¾-ºiïm-‚ïh-fÞzü h-V-P-±ôºÛ-hï-hG-z¼-ÇoP-hÝºP-Bï¾-ºiïm-fÞz-ˆÛ-»ôh-
q-ÁïÅ-ˆÛ-¼ïhü GÁ¾-GÅ¾-ºi-hq¼-fôG-hïºÛ-¾Å-;-‚ïh-ÇePÅ-ÁïÅ-ˆÛ-¼ïhü  

  
We close the switch of the circuit on the left, which consists of 
a coil connected to a battery. We will see that a voltage is 
induced on the circuit on the right side, formed of a coil 
connected to a voltmeter. The same when the switch is opened 
again. 
 
G»ôm-xôGÅ-ÅÞ-zÇem-qºÛ-h=ÛÅ-Ç+ô¼-ŸÛG-JÀôG-µμÅ-¾-¤fÞh-qºÛ-JÀôG-¾¤-hï-¤fÞh-
hGôÅü P-±ôÅ-JÀôG-¾¤-HÛ-G»Å-xôGÅ-ÅÞ-JÀôG-ÁÝGÅ-zBïh-q-¤fôP-GÛ-¼ïhü hï-
»P-h=ÛÅ-Ç+ô¼-ŸÛG-JÀôG-ÁÝGÅ-ºW¾-VÅ-¾-¤fÞh-»ôhü GmÅ-ÇePÅ-hï-ÇÀ¼-»P-
JÀôG-ÇKô-¤fÞh-q-hP-GTÛG-¤±ßPÅ-»Ûmü 

 
 
Why this? I know, you can figure it out! 
 hïºÛ-Mã-¤±m-TÛ-»Ûm-m¤ü Eïh-±ôÅ-hï-º±ô¾-fÞz-ˆÛ-»ôh-q-PÅ-ÁïÅ-ˆÛ-»ôhü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 



Science meets Dharma, 2006      Magnetism 

Alois Biner, Lhundup Dorjee   Page 22 of 22 

When the switch opens or closes, a change of current will occur to the coil on the left side. This change 
of current will produce a change of magnetic field in the corresponding coil. But the field is not only in 
the coil, it is also around. So if the coil on the right side is close enough to the coil on the left, this 
change of magnetic field will also affect the coil on the right side. According to Faraday's law of 
induction, for a short time a voltage will be induced in the coil on the right side by this change of 
magnetic field.  
Usually the coil connected to the power source is called the primary (input) and the other coil is called 
the secondary (output). 
 
JÀôG-ÇKô-¤fÞh-q-hP-zTh-q-ÅôGÅ-‚ïh-q-¾-zdïm-mÅ-G»ôm-xôGÅ-ˆÛ-h=ÛÅ-Ç+ô¼-¾-JÀôG-Mãm-HÛ-ºHã¼-z-»ôP-GÛ-»ôhü JÀôG-Mãm-HÛ-
ºHã¼-z-hïÅ-h=ÛÅ-Ç+ô¼-ÇeïP-Dz-¾ïm-lôºÛ-¼-zºÛ-ºHã¼-z-Iâz-ˆÛ-»ôhü »Ûm-mºP-¼-z-hï-h=ÛÅ-Ç+ô¼-ÇeïP-GTÛG-qô¼-¤Ûm-q¼-xôGÅ-
f¤Å-Th-¾-»ôhü G¾-ÆÛh-G»Å-xôGÅ-ˆÛ-h=ÛÅ-Ç+ô¼-hï-G»ôm-xôGÅ-ˆÛ-h=ÛÅ-Ç+ô¼-HÛ-Zï-ºhzÅ-ÅÞ-º‚ô¼-z-mü G»Å-xôGÅ-h=ÛÅ-
Ç+ô¼-¾-Dz-¾ïm-lôºÛ-¼-zÅ-ÁÝGÅ-Aïm-fïzÅ-ˆÛ-»ôhü w-¼-‡ºÛ-JÀôG-zBïh-VôÅ-ZÛh-GŸÛ¼-zŸG-mü GmÅ-Ç+zÅ-ŸÛG-¾-G»Å-xôGÅ-
h=ÛÅ-Ç+ô¼-¾-Dz-¾ïm-lôºÛ-¼-z-ºHã¼-zÅ-ÁÝGÅ-Aïm-HÛÅ-JÀôG-ÁÝGÅ-ŸÛG-zBïh-q¼-ºhôhü  
uÛ¼-zbP-h=ÛÅ-Ç+ô¼-JÀôG-GÛ-º‚ãP-DÞPÅ-¾-¤fÞh-q-hï-¾-z ¯¤ -GŸ Û º Û - º W â G - V -(primary )¸ï¼-z-hP-h=ÛÅ-Ç+ô¼-GŸm-hï-¾-
(Secondary )Ÿ¼ - ‚ ã P - G Û - º f ô m - º ƒÅ -¸ï¼ü 
 
How long will this induced voltage last in the coil of the secondary? 
Ÿ¼-‚ãP-h=ÛÅ-Ç+ô¼-ÇeïP-JÀôG-ÁÝGÅ-zBïh-q-hï-»Þm-¼ÛP-WÛ-®¤-GmÅ-Å¤ü 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
 
To improve the system, an iron core is placed inside the primary and secondary coils. Like you see in 
the picture below. Thanks to this iron core, the magnetic field inside the primary will be intensified, 
and so are the changes of the magnetic field. The field is also concentrated in the core and extends into 
the secondary, which will get more of the field and the field change. For this reason the induced 
tension in the secondary will also be more intense. 
 
OÛG-º²âGÅ-GôP-ºwï¾-GbôP-Vïh-h=ÛÅ-Ç+ô¼-HÛ-z¯¤-GŸÛ-hP-Ÿ¼-‚ãP-GZÛÅ-ˆÛ-mP-hÝ-¿UGÅ-ˆÛ-DôG-Ç‰ÛP-ŸÛG-ºWôG-hGôÅ-q-»Ûmü 
GÁ¤-HÛ-ºi-hq¼-¿e¼-OÛG-hGôÅü ¿UGÅ-ˆÛ-DôG-Ç‰ÛP-hï-¾-zdïm-mÅ-z¯¤-GŸÛºÛ-ÇeïP-GÛ-Dz-¾ïm-lôºÛ-¼-z-Wï-ºwï¾-ÅôP-z-zŸÛm-Dz-
¾ïm-lôºÛ-¼-z-¾-ºHã¼-z-»ôhü Dz-¾ïm-¼-z-n¤Å-DôG-Ç‰ÛP-hïºÛ-hzÞÅ-ÅÞ-zÇkÝÅ-q-¾-zdïm-mÅ-Ÿ¼-‚ãP-GÛ-ÇeïP-ºwï¾-MÅ-ÅôP-Çeï-hï¼-
ºHã¼-z-»P-hï-zŸÛm-»ôhü Mã-¤±m-hï-¾-zdïm-mÅ-Ÿ¼-‚ãP-GÛ-ºfïm-MôP-zBïh-q-»P-ºwï¾-HÛ-»ôh-q-»Ûmü 
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Now we will change the input of the primary. Instead of opening and closing a switch, we will feed the 
primary with alternating current. So there will be a periodic change of the current in the primary and 
therefore a periodic change of the magnetic field, occurring with the same frequency like the change of 
the current. This also means that a voltage will be induced in the secondary, again with the same 
frequency of the alternating current in the primary. This arrangement, to coils linked with an iron core, 
is called a transformer.  
 
hï-mÅ-P-±ôÅ-z¯¤-GŸÛºÛ-ºWâG-V-zNå¼-hGôÅü JÀôG-ÇKô-GÅôh-Çt¼-‚ïh-q-¾Å-P-±ôÅ-z¯¤-GŸÛ-¾-Çtï¾-MãG-JÀôG-Mãm-GbôP-hGôÅü 
hï-¾-zdïm-mÅ-z¯¤-GŸÛºÛ-ÇeïP-JÀôG-Mãm-HÛ-ºHã¼-z-PïÅ-Tm-‚ãP-z-Dz-¾ïm-lôºÛ-¼-z-¾ºP-ºHã¼-z-PïÅ-Tm-ŸÛG-»ôP-GÛ-»ôhü 
ºHã¼-z-hï-»P-JÀôG-Mãm-zŸÛm-ºwï¾-ºIÛz-GTÛG-¤±ßPÅ-»ôP-GÛ-»ôhü hï¼-zdïm-Ÿ¼-‚ãP-ÇeïP-JÀôG-ÁÝGÅ-zBïh-q-hP-ü hï-»P-
z¯¤GŸÛºÛ-JÀôG-Mãm-zŸÛm-ºwï¾-ºIÛz-GTÛG-¤±ßPÅ-»ôhü OÛG-º²âGÅ-ºhÛ-ºi-ŸÛGü hï-»P-h=ÛÅ-Ç+ô¼-¿UGÅ-ˆÛ-DôG-Ç‰ÛP-¾-
¤fÞh-q-ŸÛG-¾-ºHã¼-Gmôm-ºyâ¾-VÅ-ŸïÅ-¸ï¼ü  
 
Transformers are used to change the value of an alternating voltage. The induced voltage on the 
secondary side of the transformer is dependent on the value of the input voltage, on the number of 
loops on the primary side and on the number of loops on the secondary side of the transformer. 
This is the relationship between primary and secondary: 
 

loops)secondary  of(Number 
  voltage)(Secondary

loops)primary  of(Number 
 oltage)(Primary v

=  

 
ºWâG-Gmôm-ºyâ¾-V-n¤Å-Çtï¾-MãG-JÀôG-ÁÝGÅ-ºHã¼-Vïh-zïh-uôh-»ôhü ºWâG-Gmôm-ºyâ¾-VºÛ-Ÿ¼-º‚ãP-xôGÅ-ÅÞ-JÀôG-ÁÝGÅ-
zBïh-q-hï-z¯¤-GŸÛºÛ-ºWâG-V¼-»ôh-qºÛ-GÝG-¾ÞP-n¤Å-hP-Ÿ¼-º‚ãP-hÝ-»ôh-qºÛ-GÝG-¾ÞP-n¤Å-ˆÛ-ÇeïP-hÝ-GmÅ-qºÛ-JÀôG-ÁÝGÅ-
ºWâG-VºÛ-ºzô¼-¾-zdïm-HÛ-»ôhü hï-mÛ-Ÿ¼-º‚ãP-hP-z¯¤-GŸÛºÛ-z¼-HÛ-ºƒï¾-z-»Ûmü 
 

(z¯¤-GŸÛºÛ-JÀôG-ÁÝGÅ) 
= 

(Ÿ¼-º‚ãP-GÛ-JÀôG-ÁÝGÅ-ü) 

(z¯¤-GŸÛºÛ-ÇeïP-GÝG-¾ÞP-IPÅ-ü) (Ÿ¼-º‚ãP-ÇeïP-GÛ-GÝG-¾ÞP-IPÅü) 
 
The electric power (P=V*I) on the input equals the electric power on the output. You cannot gain 
energy with a transformer, even if the output voltage is bigger than the input voltage! 
          
ºWâG-VºÛ-ÇeïP-JÀôG-ÇeôzÅ-  (P=V*I)   hï-ºfôm-ºƒÅ-ÇeïP-JÀôG-ÁÝGÅ-hP-GTÛG-¤±ßPÅ-»Ûmü ºfôm-ºƒÅ-JÀôG-ÁÝGÅ-hï-ZÛh-
ºWâG-VºÛ-JÀôG-ÁÝGÅ-¾Å-Vï-z-»Ûm-mºP.ü P-±ô¼-ºWâG-Gmôm-ºyâ¾-V-¾Å-mÝÅ-ÁÝGÅ-¤Û-ºfôz-zôü                                                  


