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ECET 257 Power & RF ElectronicsECET 257  Power & RF Electronics

This course is a study of the application of circuit analysis
techniques to amplifiers used in power and RF electronics, including
bipolar junction transistors, field effect transistors, thyristors, RF
amplifiers, phase lock loops, switching power supplies, and appropriate
applications.  Computer aided analysis of circuits is used.

Http://www.tech.purdue.edu/eet/courses/eet257/
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What will you be able to do?What will you be able to do?

RF Amplifiersp
– f < 100 MHz

Power Electronic SwitchesPower Electronic Switches
– Ion = 6 Ap Voff = ± 56 V ton or off < 30ns 

Buck power supply I = 1 A ±0 1 V– Buck power supply Idc = 1 A  ±0.1 Vpp

– Boost power supply    5 Vdc to 15 Vdc not transformer

S i hi & Li A lifiSwitching & Linear Amplifier
– vload > 40 Vp ,  8 Ω,  100 Ω,  protected,  1 % THD

Sound room loudspeaker amplifier
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– Sound – room – loudspeaker – amplifier 
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What will this cost?What will this cost?

How much more work wasHow much more work was
– ECET 207 than EET 107?

1 5– X 1.5

ECET 257 i 1 25 k thECET 257 requires x1.25 more work than 
ECET 207
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Study !!Study !!

There is no substitute
for effective work.
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SyllabusSyllabus

It is a contract.
– Read it!    Use it!

8. Professional conduct
9. Cheating
Simulation*, HW, Quizzes, , , Q ,
Labs*
Grading PolicyGrading Policy
Standards:  HW, Lab Reports

* M Si l ti & L b t th
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*  Must pass Simulation & Lab to pass the course.
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Average RMS and PowerAverage, RMS, and Power

VP

D x T T
V

T
v t dtave

T
= ∫

1
0

( )

VP

( )∫
1

2ππ0

( )( )V
T

v t dtRMS = ∫
1 2

( )( )P V I d d= +⎡
⎢

⎤
⎥∫ ∫

1 0
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θ θ θ θ
π π

sin sin
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( )( )P V I d dP P= +
⎣⎢ ⎦⎥∫ ∫2

0
0π

θ θ θ θ
π

sin sin
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OverviewOverview

Average
– definition integrals
– pulse half sine table

Root Mean Squared
– definition integralsg

table

PowerPower
– definition
– pulse half sine table
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Average Value: definitionAverage Value:             definition

VP

D x T T
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Average Value: definition

average height

Average Value:             definition
g g

area under the curve / length
VP

D x T T

Vave
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Average Value: definitionAverage Value:             definition

average heightaverage height
area under the curve / lengthVP

D x T T

Vave

V v t dt
T

= ∫
1

( )V
T

v t dtave = ∫0
( )
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Average Value: definition

average heigth

Average Value:             definition

average heigth
area under the curve / lengthVP

D x T T

Vave

V v t dt
T

= ∫
1

( )V
T

v t dtave = ∫0
( )
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Average Value: pulseAverage Value:                    pulse

V v t dt
T

= ∫
1

( )

VP

V
T

v t dtave = ∫0
( )

D x T T

Vave

()vt
V t DT

DP < <⎧
⎨ < <

0
0 1()vt

DT t T
D=

< <⎨
⎩

< <0
0 1
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Average Value: pulse

V v t dt
T

= ∫
1

( )

Average Value:                    pulse

VP ( )
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Average Value: pulse

V v t dt
T

= ∫
1

( )

Average Value:                    pulse

VP ( )
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v t dt
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Average Value: pulse

V v t dt
T

= ∫
1

( )

Average Value:                    pulse

VP ( )
V

T
v t dt
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Average Value: pulse

V v t dt
T

= ∫
1

( )

Average Value:                    pulse

VP ( )
V

T
v t dt

T
V dt dt

ave
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Average Value: pulse

V v t dt
T

= ∫
1

( )

Average Value:                    pulse

VP ( )
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Average Value: pulse

= DVV P

Average Value:                    pulse

VP ms5=
=
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Average Value: pulse

= DVV P

Average Value:                    pulse

VP ms5=T
DVV Pave

D x T T

Vave  widthpulse

40
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Average Value: pulseAverage Value:                    pulse

= ∫ )(1 dttvV
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Average Value: half sineAverage Value:               half sine

VP

2ππ0

( )v
VPθ

θ θ π
θ=

< <⎧
⎨
⎩

sin 0
0 2

( )
π θ π< <⎨

⎩0 2
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Average Value: half sineAverage Value:               half sine

V
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Average Value: half sineAverage Value:               half sine
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Average Value: half sineAverage Value:               half sine

V
T

v t dtave

T
= ∫

1
0

( )
VP

( )
T
V

d d

V

P= + ∫∫

∫
2

0

0

2

0
sin

π
θ θ ϑ

π

ππ

π
2ππ0

V
dP= ∫2 0

sin
π

θ θ
π

( )v
VPθ

θ θ π
θ=

< <⎧
⎨
⎩

sin 0
0 2

( )
π θ π< <⎨

⎩0 2

Purdue University                                  EET 257                         Power & RF Electronics



26
Average Value: half sineAverage Value:               half sine
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Average Value: half sineAverage Value:               half sine
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Average Value: half sineAverage Value:               half sine
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Average Value: half sineAverage Value:               half sine
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Average Value: half sineAverage Value:               half sine
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Average Value: half sineAverage Value:               half sine
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Average Value: half sineAverage Value:               half sine
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Average Value: half sineAverage Value:               half sine

1
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∫ ∫
π

π

dVP

),0,),(sin(*))2/(170( ππ= ∫ XX

Purdue University                                  EET 257                         Power & RF Electronics



34
VP
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OverviewOverview

Average
– definition integrals
– pulse half sine table

Root Mean Squared
– definition integralsg
– table

PowerPower
– definition
– pulse half sine table
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Root Mean Squared: definitionRoot Mean Squared:            definition

All signals of equal V => same powerAll signals of equal VRMS =>  same power

p =>  v 2   or   i 2                           p

Pave not  p(t)        =>  integral  of square

square root to get back to volts or amps

root mean squared
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Root Mean Squared: definitionRoot Mean Squared:            definition

( )( )∫
1 2 ( )( )V
T

v t dtRMS = ∫
1 2
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Root Mean Squared: definitionRoot Mean Squared:            definition

( )( )∫
1 2 ( )( )V
T

v t dtRMS = ∫
1 2

root
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Root Mean Squared: definitionRoot Mean Squared:            definition

( )( )∫
1 2 ( )( )V
T

v t dtRMS = ∫
1 2

root
mean
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Root Mean Squared: definitionRoot Mean Squared:            definition

( )( )∫
1 2 ( )( )V
T

v t dtRMS = ∫
1 2

root squared
mean
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Root Mean Squared: pulseRoot Mean Squared:             pulse
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1 2
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VP
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OverviewOverview

Average
– definition integrals
– pulse half sine table

Root Mean Squared
– definition integralsg
– table

PowerPower
– definition
– pulse half sine table
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Power: definitionPower:                           definition

p(t)p(t)
instantaneous power

( ) i( )v(t) x i(t)
Pave

average  p(t)
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Power: definitionPower:                           definition

p(t)p(t)
instantaneous power

( ) i( )v(t) x i(t)
Pave

average  p(t)

×∫
1 v t i t dt

T
( ) ( )= ×∫0T

v t i t dt( ) ( )
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Power: definitionPower:                           definition

p(t)p(t)
instantaneous power

( ) i( )v(t) x i(t)
Pave

average  p(t)

×∫
1 v t i t dt

T
( ) ( )= ×∫0T

v t i t dt( ) ( )

≠ V IRMS RMS
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≠ V IRMS RMS
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Power: pulse i t i tPower:               pulse   into a resistor

VP
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V t DT

DP < <⎧
⎨ < <
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0 1
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0 1
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Power: pulse i t i tPower:               pulse   into a resistor

VP
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V t DT

DP < <⎧
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Power: pulse i t i tPower:               pulse   into a resistor

VP ( ) ( )[ ]P p ave v t i tave= = ×
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Power: pulse i t i tPower:               pulse   into a resistor

VP ( ) ( )[ ]P p ave v t i tave= = ×

( )v t
V t DT

DP < <⎧
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Power: pulse i t i tPower:               pulse   into a resistor
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Power: pulse i t i tPower:               pulse   into a resistor
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Power: pulse i t i tPower:               pulse   into a resistor
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Power: pulse i t i tPower:               pulse   into a resistor
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Power: pulse i t i tPower:               pulse   into a resistor
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Power: pulse i t i tPower:               pulse   into a resistor

VP ( ) ( )[ ]×== titvavepP ave

( )v t
V t DT

DP < <⎧
⎨ < <

0
0 1

D x T T

( ) ( )[ ]

01
0 ⎥⎦

⎤
⎢⎣
⎡ += ∫∫ dtdtIV

T
P

T

DT

DT

PP

ave

( )v t
DT t T

D=
< <⎨

⎩
< <0

0 1

s12μ=
=

T
IDVP PP

I P

D T T 0.67

s8   widthpulse

=

μ=
μ

D

t

( )i t
I t DT

DT t T
DP

=
< <
< <

⎧
⎨
⎩

< <
0

0
0 1

D x T T

A3 5

8RVp28
0.67

loadp

=

Ω==

I

V
D

Purdue University                                  EET 257                         Power & RF ElectronicsW65.66  

A3.5

ave

pp

=

=

P

I



58
Power: pulse i t i tPower:               pulse   into a resistor
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Power: half sine i t i tPower:            half sine into a resistor
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Power: half sine i t i tPower:            half sine into a resistor
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Power: half sine i t i tPower:            half sine into a resistor
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Power: half sine i t i tPower:            half sine into a resistor
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Power: half sine i t i tPower:            half sine into a resistor

VP
( ) ( )[ ]

⎤⎡

×== titvavepP ave

π 2 π

( )( )

20RV170

0sinsin
2
1

loadp

2

0

Ω==

⎥⎦
⎤

⎢⎣
⎡ θ+θθθ

π
= ∫∫

π

π

π

V

ddIVP

p

PP

( )v
VPθ

θ θ π
π θ π=

< <
< <

⎧
⎨
⎩

sin 0
0 2 ( )( )sinA5.8sinV170

2
1

A5.8

0 pP

pp

⎥⎦
⎤

⎢⎣
⎡ θθθ

π
=

=

∫
π

dP

I

I P ?
2 0

=
⎦⎣π

P

0 π 2π

( )i
IPθ

θ θ π
θ

=
< <
< <

⎧
⎨
⎩

sin 0
0 2

Purdue University                                  EET 257                         Power & RF Electronics

( )
π θ π< <⎩0 2



64
Power: half sine i t i tPower:            half sine into a resistor
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Power for common wavesPower for common waves
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VP I P

PPIV

VP I P

V IP P

2

PP

Table  3-2
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OverviewOverview

Average
– definition integrals
– pulse half sine table

Root Mean Squared
– definition integralsg
– pulse half sine table

PowerPower
– definition
– pulse half sine table
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