vy = Virysin (wrt)  where wp =27 fr = 10000 - fr = 500H 2
vp(t) = Vipk) sin (wpt)  where wp, = 2w fy, = 1000 - fL = 500 Hz

ZL = RL +ijLL where wy, = 27TfL = 10007 fL =500Hz
71y, = Ry, + jwr, Ly, where wrp, = 2xfy, = 1000 -+ fi = 500 Hz

VDC = IpcR OR ’U(t) = i(t)R
Vbc =IpcR or wv(t)=i(t)R

Py = Vi)

p(t) = v(t) - (1)

vr) = Vipr) c0s(1000mt) and ipyy = Vipr) cos(1000mt)/R
VL (pk) €0s(10007t)
R

UL(t) = VL(pk) COS(lOOOWt) and iL(t) =

V2 V2
PL) = % cos%(10007t) = % [ cos(20007t) + 1]
VLQ(

V2
pL(t) = Tpk) cos?(10007t) = —PX)

[cos(20007t) + 1]

1 [Tr 1 [Tr )
P:—/ dt:—/ Vi dt =V, 2R
) o 7y, i Lipk)/

1 T 1 [T VLQ( k)
- = Hdt = — v(t)-i(t)dt = —2L
7, pr(t) 7 ), (t) - i(t)

P
2R



P_ 1 T, d B 1 T . d _ 1 T 2 d OR R ;2 d
T DL(t) t_ﬁ o V(o)) t_R7TL 0 KCh Te Jo o
1 T 1 T 1 T on R "
P=_— dt = — [ w()i(t)dt = — tydt = — | Pt

TL 0 pL( ) TL 0 ( ) ( ) RTL 0 ( ) TL 0 ( )

1 Ty 9 2 1 To -2
7/0 v dt and  Igyg = TiL/o HORK

Viins = T
. 1T, fs = [
Vs = 7, vi(t)dt and Iy = T J, () dt

L L7 Vi

S TiL/{) VL(pk) cos?(wpt) dt = T—L/O 9 [cos(2wrt) + 1] dt
1 TL 1 o VL2 k

Vems = \/TL /0 V2 o cos?(wrt) dt = \/TL /0 % [cos(2wrt) + 1] dt =

|S| = VemsIrus

‘S| = Verms - Irms

P

p. T
f-=18
P

p'f' |S|




S=P+jQ
S=P+jQ

vr) = Vipr) c0s(1000mt) and  iry = Vipr) cos(1000mt — m/2)/wr L

VL(pk) COS(].OOOWt - g)

vL(t) = Vi(pk) c0s(10007t) and g (t) = 7

V2 V2
PL) = jika’ c0s(10007t) cos(1000mt — 7/2) = % $in(20007t)
2

V7 V2
_ LK) _my _ Lk .
pL(t) = oL cos(10007t) cos (10007t — %) 2oL L sin(20007t)

I VLQ( k) VLQ(RMS)
— dt =0 d = PY)

TL 0 pL(t) an Q 2wLL wLL
1 [T Vi VI?(RMS)
— d _ L0

=gy ), pe@dt =0 and Q=o0mt ==

Vor = V2Vrums and Iy = V2Igus
Vo = V2Vras  and T, = V2Irus

P =Vruslrmus = IpysR = Viys/R

2
VRMS

P = VausIrus = iusR = r



Vs(t) = Vi) Bo/(Ra + Rp)

Ry

vl =l

Vosk—pk) = Vioh—pk) Bo/(Ra+Ry) = 1>154x2V2Ry/(Ro+Ry) = R, >414R,

R
= 1>154x2V2 —2 = R, >414R,

Ry
Viestpkonk) = VL(pkepk) =
(pk-pk) L(pk-pk) Ra + Rb Ra + Rb

vaflass = VE(RMS)/(RG, + Rb)

V2
va—loss - M

Ra+Rb

Vis(t) = trt) s

’Uis(t) = ’iL (t) . RS

Pistoss = If (pugyRs = 0.05>0.55°R, = R, < 165ms
Pitoss = [T rugy - Bs = 0.05>0.55’R, = R, <165mQ

Vis(ph—ph)—highest = 0.55 X 2v/2 x 0.16 ~ 250mV
Vis(pk-pk)-highest = 0-55 X 2V/2 x 0.16 ~ 250 mV



Vis(ph—phk) —towest = 0.16 X 2v/2 x 0.16 ~ 72mV
Vis(pkopk)-lowest = 0.16 X 2¢/2 x 0.16 ~ 72mV

pl
Ry = —
de™ 4
p-l
Rdc - A
€r€0A
C=—
d
eregA
C=—
d
Time per Bit = #
P " Baud Rate
1
Ti Bit= ———
ime per Bit Baud Rate

Data Bit F
Data Rate = aa 1 5 Der Trame x Baud Rate
Total Bits per Frame

Data Bit F
Data Rate = aa 1 S bet Fratme x Baud Rate
Total Bits per Frame

Data Bits to Transmit
Data Rate

Data Bits to Transmit
Data Rate

Transmission Time =

Transmission Time =




fOSC fOSC
Baud Rate = UBRRO = -1
e = 16 % (UBRRO+ 1) (Baud Rate) x 16
Baud Rate = Jose or UBRRO = Jose -1
16 x (UBRRO + 1) (Baud Rate) x 16
' 1
sample — 7
b fsample
1
tsample = fsample
1

fsample(maa:) =
tacqm’sition(min) + tcom;ersz’on(min)

1

fsample(max) =
tacquisition(min) + tconversion(min)

V. o ‘/T'Cf
step — 9resolution
_ ‘/ref
‘/;tep -

Qresolution

T = (Rsignal + Rsample)csample
T = (Rsignal + Rsample)csample

VAbsolute Error = Vstep X LSBAbsolute Error

VAbsolutc Error = Vstep X LSBAbsolute Error



VADC - VAbsolute Error VActual VADC + VAbsolute Error

<
<

NN

VADC - VAbsolute Error VActual VADC + VAbsolute Error

V'uf = GvstoVAC + Voff
va = GVSGVOVAC + Voff

Vig = GisGiolp + Vory
Vvif = GisGioIL + Voff

Vacli] = (ADCOV alue[i] x 5/1024 — Vs ) / (GosGio)

ADCOValueli] x =2 — V.
VAC [Z] = G[ }G 1021 of
Vs VO

IL[i) = (ADC1Value[i] x 5/1024 — V,rr) / (GisGlio)

. ADC1Value[i] X 157 — Vosr

IL [’L] G G
Peak
RMS =
V2
Peak
RMS =
V2



L /TPV2 dt OR I 1 /Tplzdt
Crms Tp 0 AC Lyms p )
1 Ty 1 Ty
Vacrus) = p/o Vicdt or Ipmms) = Tp/o 12 dt

N-1
2 1

N-—-1
V. “NAL Vicli]At OR I? 2]
ACrms NAtsample ; AC[ } sample Lims — NAtsample Z L Sa'rnple

1=0

1 N-1 . N1

VA20(RMS) = W Z VKC [ﬂ~Atsample or IE(RMS) e m Z IE [ﬂ'Atsample
sample 0

sample i—0

P =Vac,,.I

Lyms

cos ()

P = Vicmus)ILrums) cos(6)

1 (T

Tp/o VacIpdt
1
T,

Ty
= Vacly, dt
T /0 ACLL

Nl N-1

1 1
P=——— i) I 'Atsam e = 77 WEAL
NAtsample ; VaclilLli] pl N ; VaclilIL]i]
1 Nl 1 N-1
P= m Zo (Vacli] - IL[i] - Atsample) = N 2 (Vacli] - IL[i])

Vaclil = (Vacli] + Vacli + 1]) /2

Vacli] + Vacli +1]
2

Vacli] =



Ipli) = (Ipfi — 1] + I [i]) /2

Il = w

% >~ [Vaclil - 1l + Vac[il - 1 [d]

1
fsystem,clk'
1

Tsystem,clk =

Tsystem,clk =7
fsystem,clk

1
Tepuctk = 7——
fcpu,clk
1
Tcpu,clk =
fcpu,clk
fsystem,clk
ftimer,clk = P
Prescaler
f o fsystem,clk
timer_clk — |5 1 —
imer-¢ Prescaler
bits
0 < count < 2
0 < count < 2P

o . [(Vac[ilIL[i] + VaclilIL[d]]



Resolution = ————
ftimer,clk

Resolution = ———
f timer_clk

Range = Resolution x (2bit$ — 1)

Range = Resolution x (2" — 1)

Period = Resolution x (Top + 1)
Period = Resolution x (Top + 1)

Tp = Ton + Toyy
Tp =Ton + Togr

VDC = Vvsupply X Ton/Tp = D‘/supply
Ton
Ve = ‘/supply X T =D- ‘/supply
p

T, = Resolution x (Top + 1) = (Top + 1) / frimer_cik
Top + 1

T, = Resolution x (Top+ 1) = 7
timer_clk
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Ton = Resolution x (Compare + 1) = (Compare + 1) / frimer_ck

C 1
T, = Resolution x (Compare + 1) = Compare + 1

ftimer,clk

Vbc = IpcR
VDC = I]:)cR
V() =i
V=i
V=IR

v =ik
v(t) =i(t)R
‘/(é) - I(s)R
Vi(s)=1(s)R

digy

v = L5/
o(t) = LI

V=3jXI=jwll
V =jXrl = jwLl

die
vy = 1 d:i(t)
it

v(t) =1 d(t)

V(s) = sLI(s)
dov
i =0 dd(t(;
v
Z(t) =C dt
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. _ dv(t)
i =C—g

. dv(t
i(t) = c %)

Visy =1(5)/sC

V(s) =18

Iin—T —I,=0
Im—IL —I,=0

Vin—=Vi—=-V3=0 = Vi, =LR +(1+1)R;
Vin—Vi—-Vs=0 = Vin=LRi+ (1 +1)R;s

Vi—-Vo=0 = LR =DLR;
Vi—-Vo=0 = LRy =1LRy

L =L=054 & I, =1A
L=, =05A & L, =1A

R;*, 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, ‘Cy°, 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, ‘Rsy‘.
Generating 5V at PB5 will create a current to flow turning-on the LED (i.e.
‘ILED = (5 — Vf) /RQ‘ where ‘Vf ~ 2V

R;*, 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, ‘Cy°, is used for debounc-
ing. When the push-button is pressed it creates OV at PB7, when released PB7
will be 5V. LED is connected to PB5 through a current limiting resistor, ‘Rs‘.
Generating 5V at PB5 will create a current to flow turning-on the LED (i.e.
‘Itep = (5 — Vi) /Ref where ‘V; = 2V

Tsystemclk
Tsystem,clk
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