
vL(t) = VL(pk)sin (ωLt) where ωL = 2πfL = 1000π ∵ fL = 500Hz

vL(t) = VL(pk) sin (ωLt) where ωL = 2πfL = 1000π ∵ fL = 500Hz

ZL = RL + jωLLL where ωL = 2πfL = 1000π ∵ fL = 500Hz

ZL = RL + jωLLL where ωL = 2πfL = 1000π ∵ fL = 500Hz

VDC = IDCR OR v(t) = i(t)R

VDC = IDCR or v(t) = i(t)R

p(t) = v(t)i(t)

p(t) = v(t) · i(t)

vL(t) = VL(pk) cos(1000πt) and iL(t) = VL(pk) cos(1000πt)/R

vL(t) = VL(pk) cos(1000πt) and iL(t) =
VL(pk) cos(1000πt)

R

pL(t) =
V 2
L(pk)

R
cos2(1000πt) =

V 2
L(pk)

2R
[ cos(2000πt) + 1]

pL(t) =
V 2
L(pk)

R
cos2(1000πt) =

V 2
L(pk)

2R
[cos(2000πt) + 1]

P =
1

TL

∫ TL

0

pL(t) dt =
1

TL

∫ TL

0

v(t)i(t) dt = V 2
L(pk)/2R

P =
1

TL

∫ TL

0

pL(t) dt =
1

TL

∫ TL

0

v(t) · i(t) dt =
V 2
L(pk)

2R

1



P =
1

TL

∫ TL

0

pL(t) dt =
1

TL

∫ TL

0

v(t)i(t) dt =
1

RTL

∫ TL

0

v2(t) dt
OR
=

R

TL

∫ TL

0

i2(t) dt

P =
1

TL

∫ TL

0

pL(t) dt =
1

TL

∫ TL

0

v(t)·i(t) dt =
1

RTL

∫ TL

0

v2(t) dt
OR
=

R

TL

∫ TL

0

i2(t) dt

V 2
RMS =

1

TL

∫ TL

0

v2(t) dt and I2RMS =
1

TL

∫ TL

0

i2(t) dt

V 2
RMS =

1

TL

∫ TL

0

v2(t) dt and I2RMS =
1

TL

∫ TL

0

i2(t) dt

VRMS =

√
1

TL

∫ TL

0

V 2
L(pk) cos

2(ωLt) dt =

√
1

TL

∫ TL

0

V 2
L(pk)

2
[cos(2ωLt) + 1] dt =

VL(pk)√
2

VRMS =

√
1

TL

∫ TL

0

V 2
L(pk) cos

2(ωLt) dt =

√
1

TL

∫ TL

0

V 2
L(pk)

2
[cos(2ωLt) + 1] dt =

VL(pk)√
2

|S| = VRMSIRMS

|S| = VRMS · IRMS

p.f. =
P

|S|

p.f . =
P

|S|

Q =

√
|S|2 − P 2

Q =

√
|S|2 − P 2

2



S = P + jQ

S = P + jQ

vL(t) = VL(pk) cos(1000πt) and iL(t) = VL(pk) cos(1000πt− π/2)/ωLL

vL(t) = VL(pk) cos(1000πt) and iL(t) =
VL(pk) cos(1000πt− π

2 )

ωLL

pL(t) =
V 2
L(pk)

ωLL
cos(1000πt) cos(1000πt− π/2) =

V 2
L(pk)

2ωLL
sin(2000πt)

pL(t) =
V 2
L(pk)

ωLL
cos(1000πt) cos

(
1000πt− π

2

)
=

V 2
L(pk)

2ωLL
sin(2000πt)

P =
1

TL

∫ TL

0

pL(t) dt = 0 and Q =
V 2
L(pk)

2ωLL
=

V 2
L(RMS)

ωLL

P =
1

TL

∫ TL

0

pL(t) dt = 0 and Q =
V 2
L(pk)

2ωLL
=

V 2
L(RMS)

ωLL

Vpk =
√
2VRMS and Ipk =

√
2IRMS

Vpk =
√
2VRMS and Ipk =

√
2IRMS

P = VRMSIRMS = I2RMSR = V 2
RMS/R

P = VRMSIRMS = I2RMSR =
V 2
RMS

R

3



vvs(t) = vL(t) Rb/(Ra +Rb)

vvs(t) = vL(t)
Rb

Ra +Rb

Vvs(pk−pk) = VL(pk−pk) Rb/(Ra+Rb) ⇒ 1 ≥ 15.4×2
√
2Rb/(Ra+Rb) ⇒ Ra ≥ 41.4Rb

Vvs(pk-pk) = VL(pk-pk)
Rb

Ra +Rb
⇒ 1 ≥ 15.4×2

√
2

Rb

Ra +Rb
⇒ Ra ≥ 41.4Rb

Pvs−loss = V 2
L(RMS)/(Ra +Rb)

Pvs-loss =
V 2
L(RMS)

Ra +Rb

vis(t) = iL(t)Rs

vis(t) = iL(t) ·Rs

Pis−loss = I2L(RMS)Rs ⇒ 0.05 ≥ 0.552Rs ⇒ Rs ≤ 165mΩ

Pis-loss = I2L(RMS) ·Rs ⇒ 0.05 ≥ 0.552Rs ⇒ Rs ≤ 165mΩ

Vis(pk−pk)−highest = 0.55× 2
√
2× 0.16 ≈ 250mV

Vis(pk-pk)-highest = 0.55× 2
√
2× 0.16 ≈ 250mV
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Vis(pk−pk)−lowest = 0.16× 2
√
2× 0.16 ≈ 72mV

Vis(pk-pk)-lowest = 0.16× 2
√
2× 0.16 ≈ 72mV

Rdc =
ρl

A

Rdc =
ρ · l
A

C =
ϵrϵ0A

d

C =
ϵrϵ0A

d

Time per Bit =
1

Baud Rate

Time per Bit =
1

Baud Rate

Data Rate =
Data Bits per Frame

Total Bits per Frame
× Baud Rate

Data Rate =
Data Bits per Frame

Total Bits per Frame
× Baud Rate

Transmission Time =
Data Bits to Transmit

Data Rate

Transmission Time =
Data Bits to Transmit

Data Rate
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Baud Rate =
fosc

16× (UBRR0 + 1)
or UBRR0 =

fosc
(Baud Rate)× 16

− 1

Baud Rate =
fosc

16× (UBRR0+ 1)
or UBRR0 =

fosc
(Baud Rate)× 16

− 1

tsample =
1

fsample

tsample =
1

fsample

fsample(max) =
1

tacquisition(min) + tconversion(min)

fsample(max) =
1

tacquisition(min) + tconversion(min)

Vstep =
Vref

2resolution

Vstep =
Vref

2resolution

τ = (Rsignal +Rsample)Csample

τ = (Rsignal +Rsample)Csample

VAbsolute Error = Vstep × LSBAbsolute Error

VAbsolute Error = Vstep × LSBAbsolute Error
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VADC − VAbsolute Error ⩽ VActual ⩽ VADC + VAbsolute Error

VADC − VAbsolute Error ⩽ VActual ⩽ VADC + VAbsolute Error

Vvf = GvsGvoVAC + Voff

Vvf = GvsGvoVAC + Voff

Vif = GisGioIL + Voff

Vif = GisGioIL + Voff

VAC [i] = (ADC0V alue[i]× 5/1024− Voff ) / (GvsGvo)

VAC[i] =
ADC0Value[i]× 5

1024 − Voff

GvsGvo

IL[i] = (ADC1V alue[i]× 5/1024− Voff ) / (GisGio)

IL[i] =
ADC1Value[i]× 5

1024 − Voff

GisGio

RMS =
Peak√

2

RMS =
Peak√

2
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VACrms =

√
1

Tp

∫ Tp

0

V 2
ACdt OR ILrms =

√
1

Tp

∫ Tp

0

I2Ldt

VAC(RMS) =

√
1

Tp

∫ Tp

0

V 2
AC dt or IL(RMS) =

√
1

Tp

∫ Tp

0

I2L dt

V 2
ACrms

=
1

N∆tsample

N−1∑
i=0

V 2
AC [i]∆tsample OR I2Lrms

=
1

N∆tsample

N−1∑
i=0

I2L[i]∆tsample

V 2
AC(RMS) =

1

N∆tsample

N−1∑
i=0

V 2
AC[i]·∆tsample or I2L(RMS) =

1

N∆tsample

N−1∑
i=0

I2L[i]·∆tsample

P = VACrmsILrmscos(θ)

P = VAC(RMS)IL(RMS) cos(θ)

P =
1

Tp

∫ Tp

0

VACILdt

P =
1

Tp

∫ Tp

0

VACIL dt

P =
1

N∆tsample

N−1∑
i=0

VAC [i]IL[i]∆tsample =
1

N

N−1∑
i=0

VAC [i]IL[i]

P =
1

N∆tsample

N−1∑
i=0

(VAC[i] · IL[i] ·∆tsample) =
1

N

N−1∑
i=0

(VAC[i] · IL[i])

V̄AC [i] = (VAC [i] + VAC [i+ 1]) /2

V̄AC[i] =
VAC[i] + VAC[i+ 1]

2
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ĪL[i] = (IL[i− 1] + IL[i]) /2

ĪL[i] =
IL[i− 1] + IL[i]

2

P =
1

2N

N−1∑
i=0

[
VAC [i]ĪL[i] + V̄AC [i]IL[i]

]
P =

1

2N

N−1∑
i=0

[
VAC[i] · ĪL[i] + V̄AC[i] · IL[i]

]

Tsystem clk =
1

fsystem clk

Tsystem clk =
1

fsystem clk

Tcpu clk =
1

fcpu clk

Tcpu clk =
1

fcpu clk

ftimer clk =
fsystem clk

Prescaler

ftimer clk =
fsystem clk

Prescaler

0 ⩽ count < 2bits

0 ⩽ count < 2bits

9



Resolution =
1

ftimer clk

Resolution =
1

ftimer clk

Range = Resolution×
(
2bits − 1

)
Range = Resolution×

(
2bits − 1

)

Period = Resolution× (Top + 1)

Period = Resolution× (Top + 1)

Tp = Ton + Toff

Tp = Ton + Toff

VDC = Vsupply × Ton/Tp = DVsupply

VDC = Vsupply ×
Ton

Tp
= D · Vsupply

Tp = Resolution× (Top + 1) = (Top + 1) /ftimer clk

Tp = Resolution× (Top + 1) =
Top + 1

ftimer clk
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Ton = Resolution× (Compare + 1) = (Compare + 1) /ftimer clk

Ton = Resolution× (Compare + 1) =
Compare + 1

ftimer clk

VDC = IDCR
VDC = IDCR

v(t) = i(t)R
v(t) = i(t)R

V̄ = ĪR
V̄ = ĪR

v(t) = i(t)R
v(t) = i(t)R

V(s) = I(s)R
V (s) = I(s)R

v(t) = L
di(t)
dt

v(t) = Ldi(t)
dt

V̄ = jXLĪ = jωLĪ
V̄ = jXLĪ = jωLĪ

v(t) = L
di(t)
dt

v(t) = Ldi(t)
dt

V(s) = sLI(s)
V (s) = sLI(s)

i(t) = C
dv(t)
dt

i(t) = C dv(t)
dt

V̄ = jXC Ī = Ī/jωC

V̄ = jXC Ī = Ī
jωC
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i(t) = C
dv(t)
dt

i(t) = C dv(t)
dt

V(s) = I(s)/sC

V (s) = I(s)
sC

Iin − I1 − I2 = 0
Iin − I1 − I2 = 0

Vin − V1 − V3 = 0 ⇒ Vin = I1R1 + (I1 + I2)R3

Vin − V1 − V3 = 0 ⇒ Vin = I1R1 + (I1 + I2)R3

V1 − V2 = 0 ⇒ I1R1 = I2R2

V1 − V2 = 0 ⇒ I1R1 = I2R2

I1 = I2 = 0.5A & Iin = 1A
I1 = I2 = 0.5A & Iin = 1A

R1‘, ensures the voltage at PB7 is pulled to 5V (i.e. VCC supplied to the MCU)
when the push-button is released. The filter capacitor, ‘C1‘, is used for debounc-
ing. When the push-button is pressed it creates 0V at PB7, when released PB7
will be 5V. LED is connected to PB5 through a current limiting resistor, ‘R2‘.
Generating 5V at PB5 will create a current to flow turning-on the LED (i.e.
‘ILED = (5− Vf ) /R2‘ where ‘Vf ≈ 2V
R1‘, ensures the voltage at PB7 is pulled to 5V (i.e. VCC supplied to the MCU)
when the push-button is released. The filter capacitor, ‘C1‘, is used for debounc-
ing. When the push-button is pressed it creates 0V at PB7, when released PB7
will be 5V. LED is connected to PB5 through a current limiting resistor, ‘R2‘.
Generating 5V at PB5 will create a current to flow turning-on the LED (i.e.
‘ILED = (5− Vf) /R2‘ where ‘Vf ≈ 2V

Tsystemclk

Tsystem clk
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