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Models of electrical circuits

Write the equations here

Bridged Tee Circuit
- KEY first step — decide on the reference node

C Take v, = reference node =0
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Models of electrical circuits

KEY first step — decide on the reference node
Take v, = reference node = 0

Bridged Tee Circuit

KCL at node 2 gives
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Models of electrical circuits

KEY first step — decide on the reference node
Take v, = reference node = 0

Bridged Tee Circuit

KCL at node 2 gives

V, —V, :vz—v3+Cdv2 Eq.1
R, R, dt ——

KCL at node 3 gives

vV, —V d(v, —Vv

—= 3 4+ C, (v, 3)=O Eqg.2
R, dt —

MATLAB or Pspice or some such software can now
solve this set of two differential equations (model)

easily



Models of electrical circuits — contd

Idea Op-Amp: Input resistance is infinite; Output resistance is zero; and Gain is infinite

a. Op-amp simplified circuit
b. Op-amp schematic symbol
c. Reduced symbol for v,=0

Write the basic op-amp equations

(b) (c)



Models of electrical circuits — contd

Idea Op-Amp: Input resistance is infinite; Output resistance is zero; and Gain is infinite

i
Ry 0

o 6 — — a. Op-amp simplified circuit
b. Op-amp schematic symbol
iy § R, c. Reduced symbol for v,=0
U+ O —

Infinite input resistance implies
i,=i_,=0 (Eqn.1)

(a)

(b) (c)



Models of electrical circuits — contd

Idea Op-Amp: Input resistance is infinite; Output resistance is zero; and Gain is infinite

(a)

)

(b) (c)
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a. Op-amp simplified circuit
b. Op-amp schematic symbol
c. Reduced symbol for v,=0

Infinite input resistance implies
i,=i_,=0 (Eqn.1)

Gain of such op-amps are in the
range of 10 — 10°: Note that
A*(v,-v_) =v,, and since v, is in
the range of 5V, this implies
that v,=v_ (Eqgn.2)

——

———

The two equations in red are
used to solve op-amp circuits,
together with KCL and KVL eqns.
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Models of electrical circuits — contd

Idea Op-Amp: Input resistance is infinite; Output resistance is zero; and Gain is infinite

Write the equations and find the transfer function
for this “integrator” circuit
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Models of electrical circuits — contd

Idea Op-Amp: Input resistance is infinite; Output resistance is zero; and Gain is infinite

<N “QQ@U%‘ ¢ Write the equations and find the transfer function

v ™ — e "o .
D._(’ H for this “integrator” circuit

Uin O out

| - KCL gives

/_ iin + iout =0 E‘
Substituting values
Vin | Wou _ 0,which then gives
R. dt

1 ¢t

Vour = — RinC (I)Vin (T)d T+ Vou (O)

INTEGRATOR!
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2.7 ELECIRICITY AND MAGNETISM

Electromagnetic field: Electricity and magnetism can be considered as one physical phenomenon, the
electromagnetic field, smce they are very closely related to one another. A conductor carrying an electric
current [ exhibits a magnetic field around 1t. . represented by mvisible lines of force called magnetic flux (@) -
a compass needle placed m their vicity mll show a deflection confirming their existence!

induced magznesic flux

conductor - m-du ed magnetic flux /|Zr_ Lo E
ltnes going into page [

The current mduced magnetic flux lines are i the form of concentric circles as shown above, and if the
conductor 1s bent 1n the shape of a loop, the induced magnetic flux lines will pass through the mside of the loop
i the same direction, mto the plane of the loop. concentrating and thus strengthening 1t. Further concentration
of the magnetic field 15 achieved 1f the conductor 15 formed mnto a coil (solenoid) of n turns or loops. It can be
strengthened further by adding a magnet mn the center!
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When to parallel conductors carry current in the same direction, the magnetic lines of force between them
cancel out in the nuddle. and the lines of force on the outside will encircle both the conductors — this results in a
force of attraction between the conductors. Using the same logic. 1f the currents are mn the opposite direction.
the two conductors repel each other since the fields crowd each other 1n the nuddle.

AN )

I—_ -

conductor >

Faradav's law: A conductor moving through a magnetic field generates an emf that 1s directly proportional to the
rate at which the flux lines are cur. w(t) = d/dt, where B = magnetic field. This means that when the magnetic lines
of force (flux) linking a conductor are changed by moving either the conductor or the magnetic field itself in such a
way that the conductor cuts across the magnetic lines of force, voltage will be induced across the conductor.

— —

— H‘\
f / ,-'II "’:L cToss sectional area A
e

statiomsTy borseshos maznet

mduced flux ines

I e+
cwrant induced valmeter messuring voliage induced
Lenz s law: The direction of current induced by moving a conductor through a magnetic field 1s such that 1t

produces opposition to the motion that produced 1t. This means that in order to move the conductor upwards in the
circuat shown above, force must be used to overcome the opposing downward force produced by the induced

current.
Inductance (Self Inductance): The mductance L 1s the property of the electric circuit element that exhibats

opposition to the change 1 current flowing 1n 1t. (due to Faraday s law [)




>>> FAULHABER
Development of Electromotive Force

Faraday's Law

Application of Faraday's Law
A Single Coil DC Motor
Motor Constants

Faraday's Law

In the early 1830’s, Michael Faraday and Joseph Henry independently discovered the relationship between
changing magnetic fields and induced EMF in circuits. If B is the flux density of a constant magnetic field and a
conductor is moved through this field at a velocity V, an EMF E is generated in the conductor such that:

E=BxV

If the conductor is part of a complete electrical circuit with a resistance R, then the EMF will produce a current in
the conductor such that:

I=E/R=BxV/R

The development of an EMF in a conductor moving in a
magnetic field is the principle on which many types of
tachometers are based. By using the commutation
techniques described in the next section, a rotary device can
be constructed which has, as its input, a rotary mechanical
motion and, as its output, a voltage proportional to that input ¥
rotational velocity.

Figure 1.

Another specific application of Faraday’s Law is used in electric motors. That is, if a conductor of length L carrying

a current | is placed in a magnetic field B, a magnetic force F is
created such that:

F=BLlsinA

where A is the included angle hetween B and I.
The force vector F is a vector perpendicular to both vector
quantities B and 1.

v
/ )
% -
|

—-
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2.7 THE ELECTROMECHANICAL WORLD

Relationship between current and magnetism: Magnetic field is proportional to current strength 7 and the
number of turns of wire around the toroid V.

LINT : \ .
= j ™ where B = magnetic field (T). 4 = material property.
27

N= number of turns of wire around toroid. £ = radius of toroid

Law of motors: A current carrving conductor in a magnetic field B experiences a force F given by F =il x B .

It the moving charge is composed of a current of 7 amperes in a conductor of length / meters arranged at right
angles to the field strength of B tesla (as in a DC motor). then the force can be found by the following equation.

F = Bli Newtons,
where B = magnetic field (T). i = current (A). / = length of the conductor (m)

Law of generators: Faraday’s law describes how a changing magnetic flux through a loop, @z. causes an emf e,
to be induced around the loop. An electromotive force (voltage) 1s generated in a conductor of length / meters.
If the conductor 1s moved at a velocity v meters per second through a constant field of B teslas at right angles to

the direction of the field. then the voltage between the ends of the conductor is given by € = Bl x V.

d D,

dr
where B = magnetic field (7). /= length of the conductor (m). v= velocity of moving conductor (m/sec)

e(t)=Blv (also=-

) Volts.
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	��chapter 1: draw the block diagram of the HVAC system; draw block diagram of cruise controller in car….��chapter 2: write the equations of motion for simple car model; ��chapter 3: solve the ODE x_dot + 3x = 1; x(0)=1�solve the ODE x2_dot + 3*x_dot + 2*x = u, with u as unit step, and zero initial conditions. CLEARLY SHOW HOW TO GET THE PARTIAL FRACTIONS.�solve the ODE x2_dot + 3*x_dot + 2*x = u, with u as unit step, and initial conditions as 1 and 1.��chapter 3: find the time constant of the system x_dot + 3x =2u;  what is the natl. freq. and damping ratio of the system x_2_dot + 3*x_dot + 2*x = 5u;  �what is the general solution of the TF 1/(s+3)?�What are the multiple forms of representing a system? (TF, Re-Im plot, DE form, gen soln., TF form)�Is the system x_2_dot + 3*x_dot + 2*x = 5u  stable?  How do you know?�What about the system x_5_dot+ 3*x_4_dot+…… = 6u?��chapter 4: �1.Derive the expression for ss error for the Chapter 1 cruise controller model?�Why does the cruise controller model in chapter 1 have ‘constants’ in the block diagram?�Derive the equation for the CLTF for the ‘why feedback’ example on the slide, and for the ss error �2. Derive an expression for the ss error for a unit step input for the system 1/(s+3) in feedback configuration with gain K – check with MATLAB. What is the effect of gain K?�3. Derive an expression for the ss error for a automobile cruise controller assuming a first order plant and throttle angle as input [ 1/(s+10)??] and a pure gain for D(s).  Will you buy such an automobile?  How would you correct it?  DO THE EXAMPLE USING MATLAB IN CLASS�4. �� �
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