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Dynamics of the Moving Coil and Damping 

 

Welcome back in our course. 
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So, we were discussing about the Dynamics of the Moving System and in particular we 

were talking about the eddy current damping. So, let us recall it briefly. So, we were 

considering the PMMC instrument. So, we have these two poles; north and south, between 

these two we have a moving or a rotating coil like this, and then this coil must have a 

closed circuit through the external circuit when it is measuring something. 

So, let me draw some circuit to which this coil is connected, because we are measuring 

something; that means, the coil is definitely connected to some circuit in which current 

flows. And, this circuit can be very complicated in general, but let me take as simple circuit 

like this. Now, we have seen that the flux lines are like this and in this circuit now there 

should be no current because according to my diagram, there is no source, there is no 

voltage or current source which will drive any current. So, this is a very simple circuit, but 

even now, if the coil starts to move due to any reason if it starts to rotate, then you know 



this is a coil inside a magnetic field. So, it is like a motor. It is basically like a motor where 

we have a coil inside a magnetic field. 

So, some emf will be induced, because the sides of the coil are moving through the 

magnetic field. So, some emf will be induced and this emf will cause some current to flow. 

And, then using Fleming’s right hand rule, we can find out the direction of the emf thereby 

the direction of the current, and then using Fleming’s left hand rule, that is motoring rule 

we can find out the direction of the force or torque which will act on this coil. 

And, in our previous video we have seen that this force due to the induced current is always 

in the direction opposite to the motion or the velocity or angular velocity of the coil. So, 

this force always tries to stop the velocity of the coil. And, this current we can call it eddy 

current, and therefore, we can call this damping mechanism as eddy current damping. 

𝑇𝑑𝑎𝑚𝑝 = −
(𝐺)2

𝑅𝑐 + 𝑅𝑒

dθ

dt
     [𝐺 = 𝐵 𝐴 𝑁] 

So, this force acts always in the direction opposite to the velocity or the angular velocity 

of the coil. So, I can actually erase this mode sign and put a negative sign here to indicate 

that the direction of the torque is always opposite to the direction of the angular velocity. 

And, therefore, this is not very controllable, I mean we cannot control the amount of 

damping torque or damping force at our desire. 

So, we will consider now a small variation of this scheme, which is the eddy current 

damping due to the eddy current in the former or frame of the coil. So, recall that this coil 

is owned on top of a former or frame, a rectangular frame and that looks like this and this 

is made up of aluminum, which is a conductor. So, this is a frame and the coil is owned on 

top of it. So, the coil goes like this and so on. Now, this former itself is a conductor, this 

is made up of aluminum. So, this is made up of aluminum. So, this is conductor. Now, 

therefore, this frame can also be thought of as a single turn coil. So, the frame acts like a 

single turn coil. 

So, we have the frame here inside the coil. So, this is the frame and this itself is a closed 

circuit. So, this acts like a one turn or single turn coil. So, therefore, if this coil is rotating; 

that means, this former frame is also rotating because the coil is attached to the frame. So, 

if this coil at the moving system is rotating, then in this single turn coil; that means, the 



former will have some emf induced. And, that emf will cause some current to flow through 

this coil; that means, actually this former, the single turn coil. 

So, when the coil moves, the former also moves former means frame. So, emf is induced 

in the former. So, some eddy current will flow in former. And therefore, this eddy current 

will now generate a torque which will oppose the velocity or the angular velocity. And, 

thus a torque is developed, which opposes the angular velocity. 

Now, just for our practice let us derive the expression for eddy current sorry the torque 

due to eddy current in the former, very quickly. The derivation will be very similar to the 

derivation of the damping torque due to eddy current or due to the induced current in the 

coil, but we will do it once again very quickly for our practice. 

So, let us do it. Assume the flux density to be B, assume the length of this former to be L. 

So, this is the length of the former, then the diameter or the width of this former, call it W 

or call it D as per the standard notation. So, now consider any one side, consider say 

consider one side this side how much flux is it intersecting per unit time? For that we need 

to know the linear velocity of this side. 

𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
𝑑𝜃

𝑑𝑡
 

𝐿𝑖𝑛𝑒𝑎𝑟 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
𝐷

2

𝑑𝜃

𝑑𝑡
 

𝐸𝑀𝐹 = 𝑅𝑎𝑡𝑒 𝑜𝑓 𝑓𝑙𝑢𝑥 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛 =
𝐷

2

𝑑𝜃

𝑑𝑡
× 𝐿 × 𝐵 

𝑇𝑜𝑡𝑎𝑙 𝐸𝑀𝐹 = 2 ×
𝐷

2

𝑑𝜃

𝑑𝑡
× 𝐿 × 𝐵 = 𝐵 𝐴

𝑑𝜃

𝑑𝑡
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So, now, what will be the current? Current will be emf divided by the resistance. 

Resistance of what? This will be the resistance of the formers. You see this former is a 

closed loop it is a closed circuit. So, this closed loop will have some resistance. So, that 

resistance we have to put here so, resistance of the former. 

𝐼 =
𝐸𝑀𝐹

𝑅𝑓𝑜𝑟𝑚𝑒𝑟
 

|𝑇𝑜𝑟𝑞𝑢𝑒| = 𝐵 𝐴 (1) 𝐼 = 𝐵 𝐴 
𝐵 𝐴 

𝑑𝜃
𝑑𝑡

𝑅𝑓𝑜𝑟𝑚𝑒𝑟
=

(𝐵 𝐴)2  
𝑑𝜃
𝑑𝑡

𝑅𝑓𝑜𝑟𝑚𝑒𝑟
 

So, that was a very quick recapitulation of the derivation how to find the torque due to the 

eddy current damping and it once again you see that this torque. 

𝑇𝑑𝑎𝑚𝑝 = − 
𝑑𝜃

𝑑𝑡

(𝐵 𝐴)2

𝑅𝑓𝑜𝑟𝑚𝑒𝑟
 

So, here we consider only the magnitude of the torque, we did not consider this sign in this 

in this line of the derivation, but now using the Fleming’s rules, left hand right hand rules 

we can find the direction and we can so, once again that this direction will be opposite to 

the direction of the velocity. 



And, I request all of you to kindly do this small exercise; apply Fleming’s right hand rule 

first, to find the direction of emf and then apply Flemings left hand rule, to find the 

direction of the torque, do this exercise it will be a fun. So, that is the damping torque. So, 

what have we seen so far? 
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So, we have seen that there are a number of forces or torques acting on the moving system; 

that means, the coil plus the former frame, plus the pointer and everything else which is 

attached to this coil etcetera. So, the torques that act on this moving system are. Firstly, 

the deflecting torque, which we denote as TD, then the controlling torque, this is nothing, 

but the spring torque which we denote by Tc and the third important thing which we have 

discovered now is the damping torque. So, let us denote it as T damp because if I use TD 

this two will be confusing. 

𝐽
𝑑2𝜃

𝑑𝑡2
= 𝑇𝐷(𝐼) + 𝑇𝑐(𝜃) + 𝑇𝑑𝑎𝑚𝑝 (

𝑑𝜃

𝑑𝑡
) 

= 𝑇𝐷(𝐼) + (−𝐾𝜃) + (−
dθ

dt
𝐾𝑑𝑎𝑚𝑝𝑖𝑛𝑔) 

𝐽
𝑑2𝜃

𝑑𝑡2
+ 𝐾𝑑𝑎𝑚𝑝𝑖𝑛𝑔

dθ

dt
+ 𝐾𝜃 = 𝑇𝐷(𝐼) 



So, this is damping constant and we put a minus sign, why? Once again we know that this 

torque is always in a direction opposite to the velocity. So, this is the equation for the 

moving system. Now, we can rewrite it by slight reorganization of the terms. 
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So, this let me write is damping constant and this is spring constant. And, then so, this 

should be equal to the deflecting torque TD function of, maybe a function of the current or 

unknown voltage that we want to measure. So, this is spring constant. So, my computer is 

getting slower indicating that it is time for me to stop this video. Hence therefore, we will 

continue on with this topic in our next video. 

Thank you! 


