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Experiment No. 3.

Power Supplies and Linear Regulators

By: 
Prof. Gabriel M. Rebeiz


The University of Michigan


EECS Dept.

Ann Arbor, Michigan
All electronic systems which operate on DC voltages (+5 V, +12 V, etc.) and are plugged to the AC (120 V, 60 Hz) system require a power supply. This includes all audio components (CD player, tape player, receiver, etc.) and most home/office electronic units (computers, printers, alarm clocks, microwave ovens, and dishwashers/fridges/washing machines if they have microprocessor controls). A power supply schematic is shown in Figure 1. The 120 V AC voltage is first stepped down to ~12 V AC using a transformer, then passes by a diode bridge rectifier and a low-pass “filtering” capacitor. The resulting DC voltage has a ripple of around +10% Vp (for example 12V + 1 V).

The main focus of Experiment No. 3 is on the input section of the power supply, mainly the transformer, diode rectifier and the low-pass capacitor. The relevant equations for a full-wave or half-wave bridge rectifier are given in the course notes. Notice that these equations are accurate to +25% since they are derived from very simple assumptions. They are intended to give a conservative estimate of the output voltage ripple, the peak diode current and the peak inverse voltage.
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Figure 1: A full-wave bridge rectifier.

Dual (Positive and Negative) Output Power Supplies:

In order to get a dual output power supply, a center-tap transformer must be used. The center tap is usually connected to ground. Relative to the center tap, one of the output transformer lines is at a positive voltage and the other is at a negative voltage. A full-wave rectifier delivering dual-output voltages is shown below:
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A full-wave single-output rectifier can also be obtained using a center-tap transformer as indicated below:
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There is basically no difference in Vpk, VR, and Id between this topology and the four-diode bridge, except that this topology requires a center-tap transformer and results in a peak-inverse voltage across the diodes of (2 Vpk – VD).

Linear Regulators:

The full-wave bridge rectifier has terrible voltage regulation! This means that if RL decreases by a factor of 2 (thus the output current is doubled), the output voltage ripple doubles! Also, if the input voltage (called line voltage) changes by +10% (which is quite typical in 120 V AC systems), then the output DC voltage also changes by +10%! Therefore, a power supply composed of only a transformer, a bridge rectifier and a capacitor is quite bad for high performance applications, and linear regulators must be used to ensure very low voltage ripple and excellent load and line voltage regulation.

Linear (or series) regulated power supplies were introduced many years ago and are still used extensively today. The basic design technique consists of placing a control element in series with the rectifier and load device. Figure 2 shows a simplified schematic of a series regulated supply with the series element depicted as a variable resistor. Feedback control circuits continuously monitor the output and adjust the series resistance to maintain a constant output voltage. Because the variable resistance (series element) of Fig. 2 is actually one or more power transistor operating in the linear (class A) mode, supplies with this type of regulator are often called linear power supplies.
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Figure 2: The Agilent E3631A power supply.

In terms of performance, linear regulated supplies have a very precise regulating properties and respond quickly to variations of the line and load. Hence, their line and load regulation and transient recovery time are superior to supplies using other regulation techniques (such as switching mode power supplies). These supplies also exhibit low ripple and noise, are tolerant of ambient temperature changes, and with their circuit simplicity, have a high reliability.

Series regulated power supply are not efficient and in some cases dissipate a lot of power. Let us take the example of a bridge rectifier designed to give 15 V + 1 V DC and connected to a (series) linear regulator with an output regulated voltage between 5 and 12 V. If the output voltage is 12 V, then the voltage drop across the series regulator is 3 V. For an output current of 1 A, the output power is 12 W (Po), the power consumed by the regulator is 3 W and the bridge rectifier therefore delivers 15 W (Pin). Thus the regulator efficiency (Po/Pin) is 12 W/15 W = 80% which is quite good. However, if the output voltage is 5 V, the series regulator voltage drop is 10 V and the power consumed by the regulator is 10 W. This results in a poor regular efficiency (Po/Pin) of 5 W/15 W = 33%! For high output currents/powers a poor efficiency means that a huge amount of power is consumed in the linear regulator!

One way to solve this problem is to always make sure that the rectified bridge voltage is only a few volts (1-2 V) above the required output voltage, thereby resulting in a low power dissipation in the regulator (and high efficiency).

For a high-power variable voltage power supply such as the Agilent E3631A, the feedback controls the transformer tap so as to change the input DC voltage to the regulator. This is expensive and requires a DC motor or SCR switches to move the tap, but results in a very efficient power supply.

Multiple Output Power Supplies:

If several output voltages are needed such as +5, +12 and +24 V, then it is best to use a multiple-tapped transformer with 3 different rectifiers and regulators as shown in Fig. 3a. 
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%%BeginProcSet:CanvasDict
/CanvasDict where not{/CanvasDict 250 dict def}{pop}ifelse
CanvasDict begin
systemdict/setpacking known{/origpack currentpacking def true setpacking}if
/bdf{bind def}bind def
/_cv 20 dict begin
/isDeviceColor {/currentcolorspace where{pop currentcolorspace 0 get dup /DeviceGray eq exch dup /DeviceRGB eq exch /DeviceCMYK eq or or}{T}ifelse}bdf
/stg{isDeviceColor{setgray}{pop}ifelse}bdf
/strgb{isDeviceColor{setrgbcolor}{pop pop pop}ifelse}bdf
/stcmyk{isDeviceColor{setcmykcolor}{pop pop pop pop}ifelse}bdf
currentdict end def
/xdf{exch bind def}bdf
/min{2 copy gt{exch}if pop}bdf
/edf{exch def}bdf
/max{2 copy lt{exch}if pop}bdf
/cvmtx matrix def
/tpmx matrix def
/currot 0 def
/rotmtx matrix def
/origmtx matrix def
/cvangle{360 exch sub 90 add 360 mod}bdf
/setrot{/currot edf rotmtx currentmatrix pop 2 copy translate currot rotate neg exch neg exch translate}bdf
/endrot{rotmtx setmatrix /currot 0 def}bdf
/i systemdict/image get def/T true def/F false def/dbg F def
/ncolors 0 def/st0 ()def/st1 ()def/proc0 {}def
/penh 1 def/penv 1 def/penv2 0 def/penh2 0 def/samplesize 0 def/width 0 def/height 0 def
/setcmykcolor where not{/setcmykcolor{/b edf 3{b add 1.0 exch sub 0.0 max 1.0 min 3 1 roll}repeat systemdict begin setrgbcolor end}bdf}{pop}ifelse
/doeoclip{closepath{eoclip}stopped{currentflat dup 2 mul setflat eoclip setflat}if}bdf
/SpaceExtra 0 def/LetterSpace 0 def/StringLength 0 def/NumSpaces 0 def/JustOffset 0 def
/f0{eofill} def
/s0{1 setlinewidth cvmtx currentmatrix pop currentdash pop length 0 ne{penh penv gt{penh}{penv}ifelse setlinewidth}{penh penv scale}ifelse stroke cvmtx setmatrix}bdf
/f1{_bp _fp impat}def
/s1{cvmtx currentmatrix pop currentdash pop length 0 ne{penh penv gt{penh}{penv}ifelse setlinewidth}{penh penv scale}ifelse
{strokepath}stopped{currentflat dup 2 mul setflat strokepath setflat}if 
_bp
cvmtx setmatrix _fp impat}def
/filltype 0 def
/stroketype 0 def
/f{filltype 0 eq{f0}{f1}ifelse}bdf
/s{stroketype 0 eq{s0}{s1}ifelse}bdf
/_fp{}def
/_bp{}def
/_fg 1 def
/_pg 0 def
/_bkg 1 def
/_frg 0 def
/_frgb 3 array def
/_frrgb [0 0 0] def
/_fcmyk 4 array def
/_frcmyk [0 0 0 1] def
/_prgb 3 array def
/_pcmyk 4 array def
/_bkrgb [1 1 1] def
/_bkcmyk [0 0 0 0] def
/fg{/_fg exch def /filltype 0 def/fills{_fg setgray}def}def
/frgb{_frgb astore pop /filltype 0 def/fills{_frgb aload pop setrgbcolor}def}def
/fcmyk{_fcmyk astore pop /filltype 0 def/fills{_fcmyk aload pop setcmykcolor}def}def
/pg{/_pg exch def /stroketype 0 def/pens{_pg setgray}def}def
/prgb{_prgb astore pop /stroketype 0 def/pens{_prgb aload pop setrgbcolor}def}def
/pcmyk{_pcmyk astore pop /stroketype 0 def/pens{_pcmyk aload pop setcmykcolor}def}def
/fpat{/fstr edf/filltype 1 def/fills{/patstr fstr def}bdf}bdf
/ppat{/sstr edf/stroketype 1 def/pens{/patstr sstr def}bdf}bdf
/bkg{ /_bkg exch def /_bp{gsave _bkg setgray fill grestore}def}def
/bkrgb{_bkrgb astore pop/_bp{gsave _bkrgb aload pop setrgbcolor fill grestore}def}def
/bkcmyk{_bkcmyk astore pop/_bp{gsave _bkcmyk aload pop setcmykcolor fill grestore}def}def
/frg{ /_frg exch def /_fp{_frg setgray}def}def
/frrgb{_frrgb astore pop/_fp{_frrgb aload pop setrgbcolor}def}def
/frcmyk{_frcmyk astore pop/_fp{_frcmyk aload pop setcmykcolor}def}def
/icomp{/ncolors edf
ncolors 1 gt{/proc0 edf
dup dup 0 get ncolors div cvi exch 0 3 -1 roll put
4 -1 roll ncolors div cvi 4 1 roll{proc0 dup/st0 edf
0 exch ncolors exch length
dup ncolors sub exch ncolors div cvi string/st1 edf
{dup 0 exch dup 1 exch
2 add{st0 exch get add}bind for
3 div ncolors 4 eq{exch dup 3 1 roll 3 add st0 exch get add 255 exch sub dup 0 lt{pop 0}if}if cvi
dup 255 gt{pop 255}if
exch ncolors div cvi exch
st1 3 1 roll put}bind for
st1}}if i}bdf
/ci
{/colorimage where
{pop false exch colorimage}
{icomp}
ifelse}bdf
/impat
{/cnt 0 def
/MySave save def
currot 0 ne{currot neg rotate}if
clip
flattenpath
pathbbox
3 -1 roll
8 div floor 8 mul dup/starty edf
sub abs 8 div ceiling 8 mul cvi/height edf
exch 8 div floor 8 mul dup/startx edf
sub abs 8 div ceiling 8 mul cvi/width edf
startx starty translate
width height scale
/height height 8 mul def
/st0 width string def
width height T [width 0 0 height neg 0 height]
{patstr
cnt 8 mod
get/st1 edf
0 1
st0 length 1 sub dup 0 le{pop 1}if
{st0 exch
st1
put}bind for/cnt cnt 1 add def
st0}bind
imagemask
MySave restore
newpath}bdf
/cm{/ncolors edf
translate
scale/height edf/colorimage where
{pop}
{ncolors mul}ifelse/width edf
/tbitstr width string def
width height 8 [width 0 0 height neg 0 height]
{currentfile tbitstr readhexstring pop}bind
ncolors
dup 3 eq {ci}{icomp}ifelse}bdf
/im{translate
scale
/height edf
/width edf
/tbitstr width 7 add 8 div cvi string def
width height 1 [width 0 0 height neg 0 height]
{currentfile tbitstr readhexstring pop}bind
i}bdf
/imk{/invFlag edf
translate
scale
/height edf
/width edf
/tbitstr width 7 add 8 div cvi string def
width height invFlag [width 0 0 height neg 0 height]
{currentfile tbitstr readhexstring pop}bind
imagemask}bdf
/BeginEPSF
{/MySave save def
/dict_count countdictstack def
/op_count count 1 sub def
userdict begin
/showpage {} def
0 setgray 0 setlinecap
1 setlinewidth 0 setlinejoin
10 setmiterlimit [] 0 setdash newpath
/languagelevel where
{pop languagelevel 1 ne{false setstrokeadjust false setoverprint}if}if
}bdf
/EndEPSF
{count op_count sub {pop}repeat
countdictstack dict_count sub {end}repeat
MySave restore}bdf
/rectpath {/cv_r edf/cv_b edf/cv_l edf/cv_t edf
cv_l cv_t moveto cv_r cv_t lineto cv_r cv_b lineto cv_l cv_b lineto cv_l cv_t lineto closepath}bdf
/setpen{/penh edf/penv edf/penv2 penv 2 div def/penh2 penh 2 div def}bdf
/dostroke{not pens 1.0 currentgray ne or {s}{newpath}ifelse}bdf
/dodashfill{not fills 1.0 currentgray ne or
{gsave f grestore gsave [] 0 setdash 
stroketype/stroketype filltype def
s/stroketype edf grestore}{newpath}ifelse}bdf
/dofill{not fills 1.0 currentgray ne or {f}{newpath}ifelse}bdf
/dofillsave{not fills 1.0 currentgray ne or {gsave f grestore}if}bdf
/doline{not pens 1.0 currentgray ne or {filltype/filltype stroketype def f/filltype edf}{newpath}ifelse}bdf
/spx{SpaceExtra 0 32 4 -1 roll widthshow}bdf
/lsx{SpaceExtra 0 32 LetterSpace 0 6 -1 roll awidthshow}bdf
/Rjust{stringwidth pop JustOffset exch sub /JustOffset edf}bdf
/Cjust{stringwidth pop 2 div JustOffset exch sub /JustOffset edf}bdf
/adjfit{stringwidth pop LetterSpace StringLength 1 sub mul add SpaceExtra NumSpaces mul add dup /pw edf JustOffset exch 
sub dup /wdif edf StringLength div LetterSpace add /LetterSpace edf}bdf
/ulb{currentpoint pop /underlinpt edf}bdf
/ule{gsave currentpoint newpath moveto currentfont dup /ft1 known{dup /ft1 get begin /FontMatrix get FontMatrix tpmx concatmatrix pop}
{begin FontMatrix tpmx copy pop}ifelse currentfont /FontInfo known {FontInfo begin UnderlinePosition UnderlineThickness end}{-.1 .05}ifelse end dup tpmx
dtransform pop setlinewidth dup tpmx dtransform pop 0 exch rmoveto underlinpt currentpoint pop sub 0 rlineto stroke grestore}bdf
/fittext{ /SpaceExtra edf /LetterSpace edf /StringLength edf /NumSpaces edf /JustOffset edf not 1 currentgray ne or
{dup {ulb}if exch
dup adjfit
lsx {ule}if}{pop pop}ifelse}bdf
/cvRecFont{/encod edf FontDirectory 2 index known{cleartomark}{findfont dup length 1 add dict begin
{1 index/FID ne{def}{pop pop}ifelse}forall encod{/Encoding CVvec def}if
currentdict end definefont cleartomark}ifelse}bdf
/wrk1 ( ) def/wdict 16 dict def
/Work75 75 string def /Nmk{Work75 cvs dup}bdf /Npt{put cvn}bdf /dhOdh{Nmk 2 79 Npt}bdf /dhodh{Nmk 2 111 Npt}bdf	/dhSdh{Nmk 2 83 Npt}bdf
/sfWidth{gsave 0 0 moveto 0 0 lineto 0 0 lineto 0 0 lineto closepath clip stringwidth grestore}bdf
/MakOF{dup dhodh FontDirectory 1 index known{exch pop}{exch findfont dup length 1 add dict begin
{1 index/FID ne 2 index /UniqueID ne and{def}{pop pop}ifelse}forall
/PaintTy�¡�À �pe 2 def
/StrokeWidth .18 dup FontMatrix idtransform pop ftSize div %dup 12 lt{pop 12}if 
def
dup currentdict end definefont pop}ifelse}bdf
/fts{dup/ftSize edf}def
/mkFT{/tempFT 11 dict def tempFT begin
/FontMatrix [1 0 0 1 0 0] def/FontType 3 def
FontDirectory 3 index get /Encoding get/Encoding exch def
/proc2 edf/ft2 exch findfont def/ft1 exch findfont def/FontBBox [0 0 1 1] def
/BuildChar{wdict begin/chr edf/ftdt edf/chrst wrk1 dup 0 chr put def ftdt/proc2 get exec end}def
end tempFT definefont pop}bdf
/OLFt{dup dhOdh FontDirectory 1 index known{exch pop}
{dup 3 -1 roll dup MakOF {outproc} mkFT}ifelse}bdf
/mshw{moveto show}bdf
/outproc{ftdt/ft1 get setfont gsave chrst sfWidth grestore setcharwidth dblsh}bdf
/dblsh{currentgray 1 setgray chrst 0 0 mshw setgray ftdt/ft2 get setfont chrst 0 0 mshw}bdf
/ShadChar{ftdt/ft1 get setfont gsave chrst sfWidth 1 index 0 ne{exch .05 add exch}if grestore setcharwidth
chrst .06 0 mshw 0 .05 translate dblsh}bdf
/ShFt{dup dhSdh FontDirectory 1 index known{exch pop}
{dup 3 -1 roll dup MakOF {ShadChar} mkFT}ifelse}bdf
/LswUnits{72 75 div dup scale}bdf
/erasefill{_bp}def
/CVvec 256 array def
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
CVvec 0 32 getinterval astore pop
CVvec 32/Times-Roman findfont/Encoding get
32 96 getinterval putinterval CVvec dup 39/quotesingle put 96/grave put
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/oslash
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/blank/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
CVvec 128 128 getinterval astore pop
end
%%EndProcSet
%%BeginSetup
CanvasDict begin
0 setlinecap
0 setlinejoin
4 setmiterlimit
/currot 0 def
origmtx currentmatrix pop
[] 0 setdash
1 1 setpen
1 fg
0 pg
0 frg
1 bkg
newpath
/dbg F def
%%EndSetup
% ---- Object #1:6 Obj Type: 99
% ---- Object #2:7 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
201.4167 80.6667 moveto
201.4167 62.9167 lineto
F dostroke
grestore
% ---- Object #3:8 Obj Type: 99
% ---- Object #4:9 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
170.3021 113.6118 moveto
168.9276 113.1116 167.5723 113.1116 166.1978 113.6119 curveto
167.2239 116.4309 167.2239 116.4309 168.25 119.25 curveto
168.25 119.25 170.3021 113.6118 170.3021 113.6118 curveto
closepath
F doline
grestore
gsave
newpath
168.25 102.75 moveto
168.25 113.5 lineto
F dostroke
grestore
% ---- Object #5:10 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
193.8618 100.4479 moveto
193.3616 101.8224 193.3616 103.1777 193.8619 104.5522 curveto
196.6809 103.5261 196.6809 103.5261 199.5 102.5 curveto
199.5 102.5 193.8618 100.4479 193.8618 100.4479 curveto
closepath
F doline
grestore
gsave
newpath
168.25 102.5 moveto
193.75 102.5 lineto
F dostroke
grestore
% ---- Object #6:11 Obj Type: 99
% ---- Object #7:12 Obj Type: 10
0 setlinecap
0 setlinejoin
171.5006 109.8428 moveto
171.5002 109.8563 171.5 109.8698 171.5 109.8833 curveto
171.5 111.1815 173.3058 112.25 175.5 112.25 curveto
177.6942 112.25 179.5 111.1815 179.5 109.8833 curveto
179.5 109.8698 179.4998 109.8563 179.4994 109.8428 curveto
F dostroke
% ---- Object #8:13 Obj Type: 10
0 setlinecap
0 setlinejoin
179.5006 109.8428 moveto
179.5002 109.8563 179.5 109.8698 179.5 109.8833 curveto
179.5 111.1815 181.3058 112.25 183.5 112.25 curveto
185.6942 112.25 187.5 111.1815 187.5 109.8833 curveto
187.5 109.8698 187.4998 109.8563 187.4994 109.8428 curveto
F dostroke
% ---- Object #9:14 Obj Type: 10
0 setlinecap
0 setlinejoin
187.5006 109.75 moveto
187.5002 109.7635 187.5 109.777 187.5 109.7905 curveto
187.5 111.0887 189.3058 112.1572 191.5 112.1572 curveto
193.6942 112.1572 195.5 111.0887 195.5 109.7905 curveto
195.5 109.777 195.4998 109.7635 195.4994 109.75 curveto
F dostroke
% ---- Object #10:15 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
77.9167 100 moveto
77.9167 40.25 lineto
F dostroke
grestore
% ---- Object #11:17 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
97.25 100 moveto
97.25 40.25 lineto
F dostroke
grestore
% ---- Object #12:18 Obj Type: 99
% ---- Object #13:19 Obj Type: 4
0 0 setpen
82.0555 92.9167 59.5114 100.9167 rectpath
F dofill
% ---- Object #14:20 Obj Type: 99
% ---- Object #15:21 Obj Type: 10
0.0586 0.0234 setpen
0 setlinecap
0 setlinejoin
97.7118 64.7261 moveto
97.7118 64.7262 97.7118 64.7262 97.7118 64.7262 curveto
98.4878 64.7262 99.1264 64.0687 99.1264 63.2699 curveto
99.1264 62.4711 98.4878 61.8137 97.7118 61.8137 curveto
F dostroke
% ---- Object #16:22 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
97.6835 64.8936 moveto
97.9505 64.5859 96.3256 64.2686 94.144 64.0968 curveto
91.9623 63.8341 90.1667 64.2932 90.1667 65.208 curveto
90.1667 66.1229 91.7158 66.5432 93.5979 66.1663 curveto
95.4801 65.8195 97.3514 65.2374 97.6835 64.8936 curveto
closepath
F dofillsave
F dostroke
% ---- Object #17:23 Obj Type: 10
0 setlinecap
0 setlinejoin
97.7928 61.9812 moveto
98.0598 61.6735 96.435 61.3562 94.2533 61.1844 curveto
92.0716 60.9217 90.276 61.3807 90.276 62.2956 curveto
90.276 63.2105 91.8251 63.6308 93.7073 63.2539 curveto
95.5895 62.907 97.4607 62.325 97.7928 61.9812 curveto
closepath
F dofillsave
F dostroke
% ---- Object #18:24 Obj Type: 10
0.0586 0.0234 setpen
0 setlinecap
0 setlinejoin
97.7118 67.7772 moveto
97.7118 67.7773 97.7118 67.7773 97.7118 67.7773 curveto
98.4878 67.7773 99.1264 67.1198 99.1264 66.3211 curveto
99.1264 65.5223 98.4878 64.8648 97.7118 64.8648 curveto
F dostroke
% ---- Object #19:25 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
97.6835 67.8061 moveto
97.9505 67.4983 96.3256 67.1811 94.144 67.0092 curveto
91.9623 66.7466 90.1667 67.2056 90.1667 68.1205 curveto
90.1667 69.0354 91.7158 69.4556 93.5979 69.0788 curveto
95.4801 68.7319 97.3514 68.1498 97.6835 67.8061 curveto
closepath
F dofillsave
F dostroke
% ---- Object #20:26 Obj Type: 10
0 setlinecap
0 setlinejoin
97.4178 70.5718 moveto
97.6848 70.2641 96.06 69.9468 93.8783 69.775 curveto
91.6966 69.5123 89.901 69.9713 89.901 70.8862 curveto
89.901 71.8011 91.4501 72.2214 93.3323 71.8445 curveto
95.2145 71.4977 97.0857 70.9156 97.4178 70.5718 curveto
closepath
F dofillsave
F dostroke
% ---- Object #21:27 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
97.538 67.616 moveto
98.6425 67.8426 99.4301 68.3941 99.4301 69.0316 curveto
99.4301 69.7638 98.3907 70.3826 97.0258 70.5259 curveto
F dofillsave
F dostroke
% ---- Object #22:28 Obj Type: 10
0 setlinecap
0 setlinejoin
97.538 70.4697 moveto
98.6425 70.6963 99.4301 71.2478 99.4301 71.8853 curveto
99.4301 72.6175 98.3907 73.2363 97.0258 73.3796 curveto
F dofillsave
F dostroke
% ---- Object #23:29 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
97.5428 73.2828 moveto
97.8098 72.9751 96.185 72.6578 94.0033 72.486 curveto
91.8216 72.2233 90.026 72.6823 90.026 73.5973 curveto
90.026 74.5121 91.5751 74.9324 93.4573 74.5555 curveto
95.3395 74.2087 97.2107 73.6266 97.5428 73.2828 curveto
closepath
F dofillsave
F dostroke
% ---- Object #24:30 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
97.413 73.1807 moveto
98.5175 73.4073 99.3051 73.9588 99.3051 74.5963 curveto
99.3051 75.3285 98.2657 75.9473 96.9008 76.0906 curveto
F dofillsave
F dostroke
% ---�¡�À �- Object #25:31 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
97.2928 76.2792 moveto
97.5598 75.9715 95.935 75.6542 93.7533 75.4824 curveto
91.5716 75.2197 89.776 75.6787 89.776 76.5936 curveto
89.776 77.5085 91.3251 77.9288 93.2073 77.5519 curveto
95.0895 77.205 96.9607 76.623 97.2928 76.2792 curveto
closepath
F dofillsave
F dostroke
% ---- Object #26:32 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
97.163 76.3198 moveto
98.2675 76.5464 99.0551 77.0979 99.0551 77.7353 curveto
99.0551 78.4676 98.0157 79.0864 96.6508 79.2297 curveto
F dofillsave
F dostroke
% ---- Object #27:33 Obj Type: 10
0 setlinecap
0 setlinejoin
97.5054 61.8221 moveto
98.7748 61.6088 99.6801 61.0898 99.6801 60.4898 curveto
99.6801 59.8006 98.4855 59.2182 96.9167 59.0833 curveto
F dofillsave
F dostroke
% ---- Object #28:34 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
97.0428 79.1329 moveto
97.3098 78.8251 95.685 78.5079 93.5033 78.336 curveto
91.3216 78.0734 89.526 78.5324 89.526 79.4473 curveto
89.526 80.3622 91.0751 80.7825 92.9573 80.4056 curveto
94.8395 80.0587 96.7107 79.4767 97.0428 79.1329 curveto
closepath
F dofillsave
F dostroke
% ---- Object #29:35 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
97.163 79.1734 moveto
98.2675 79.4001 99.0551 79.9516 99.0551 80.589 curveto
99.0551 81.3212 98.0157 81.9401 96.6508 82.0833 curveto
F dofillsave
F dostroke
% ---- Object #30:36 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
77.8333 99.9167 moveto
46.0833 99.9167 lineto
F dostroke
grestore
% ---- Object #31:37 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
77.8333 39.75 moveto
46.0833 39.75 lineto
F dostroke
grestore
% ---- Object #32:38 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
257.4167 116.0833 moveto
211.4166 116.0833 lineto
F dostroke
grestore
% ---- Object #33:39 Obj Type: 10
0 setlinecap
0 setlinejoin
201.8991 62.8991 moveto
201.8991 62.8991 201.8991 62.8991 201.8991 62.8991 curveto
204.779 62.8991 207.1491 60.7923 207.1491 58.2325 curveto
207.1491 55.6726 204.779 53.5658 201.8991 53.5658 curveto
201.8272 53.5658 201.7555 53.5671 201.6842 53.5697 curveto
F dostroke
% ---- Object #34:40 Obj Type: 99
% ---- Object #35:41 Obj Type: 4
0 0 setpen
82.0555 73.1927 59.5114 81.1927 rectpath
F dofill
% ---- Object #36:42 Obj Type: 99
% ---- Object #37:43 Obj Type: 10
0.0586 0.0234 setpen
0 setlinecap
0 setlinejoin
76.3976 64.7261 moveto
76.3976 64.7262 76.3976 64.7262 76.3976 64.7262 curveto
75.6216 64.7262 74.9829 64.0687 74.9829 63.2699 curveto
74.9829 62.4711 75.6216 61.8137 76.3976 61.8137 curveto
F dostroke
% ---- Object #38:44 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
76.4259 64.8936 moveto
76.1589 64.5859 77.7837 64.2686 79.9654 64.0968 curveto
82.1471 63.8341 83.9427 64.2932 83.9427 65.208 curveto
83.9427 66.1229 82.3936 66.5432 80.5114 66.1663 curveto
78.6293 65.8195 76.758 65.2374 76.4259 64.8936 curveto
closepath
F dofillsave
F dostroke
% ---- Object #39:45 Obj Type: 10
0 setlinecap
0 setlinejoin
76.3165 61.9812 moveto
76.0496 61.6735 77.6744 61.3562 79.8561 61.1844 curveto
82.0378 60.9217 83.8333 61.3807 83.8333 62.2956 curveto
83.8333 63.2105 82.2843 63.6308 80.4021 63.2539 curveto
78.5199 62.907 76.6486 62.325 76.3165 61.9812 curveto
closepath
F dofillsave
F dostroke
% ---- Object #40:46 Obj Type: 10
0.0586 0.0234 setpen
0 setlinecap
0 setlinejoin
76.3976 67.7772 moveto
76.3976 67.7773 76.3976 67.7773 76.3976 67.7773 curveto
75.6216 67.7773 74.9829 67.1198 74.9829 66.3211 curveto
74.9829 65.5223 75.6216 64.8648 76.3976 64.8648 curveto
F dostroke
% ---- Object #41:47 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
76.4259 67.8061 moveto
76.1589 67.4983 77.7837 67.1811 79.9654 67.0092 curveto
82.1471 66.7466 83.9427 67.2056 83.9427 68.1205 curveto
83.9427 69.0354 82.3936 69.4556 80.5114 69.0788 curveto
78.6293 68.7319 76.758 68.1498 76.4259 67.8061 curveto
closepath
F dofillsave
F dostroke
% ---- Object #42:48 Obj Type: 10
0 setlinecap
0 setlinejoin
76.6915 70.5718 moveto
76.4246 70.2641 78.0494 69.9468 80.2311 69.775 curveto
82.4127 69.5123 84.2083 69.9713 84.2083 70.8862 curveto
84.2083 71.8011 82.6592 72.2214 80.7771 71.8445 curveto
78.8949 71.4977 77.0236 70.9156 76.6915 70.5718 curveto
closepath
F dofillsave
F dostroke
% ---- Object #43:49 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
76.5713 67.616 moveto
75.4669 67.8426 74.6792 68.3941 74.6792 69.0316 curveto
74.6792 69.7638 75.7186 70.3826 77.0835 70.5259 curveto
F dofillsave
F dostroke
% ---- Object #44:50 Obj Type: 10
0 setlinecap
0 setlinejoin
76.5713 70.4697 moveto
75.4669 70.6963 74.6792 71.2478 74.6792 71.8853 curveto
74.6792 72.6175 75.7186 73.2363 77.0835 73.3796 curveto
F dofillsave
F dostroke
% ---- Object #45:51 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
76.5665 73.2828 moveto
76.2996 72.9751 77.9244 72.6578 80.1061 72.486 curveto
82.2877 72.2233 84.0833 72.6823 84.0833 73.5973 curveto
84.0833 74.5121 82.5342 74.9324 80.6521 74.5555 curveto
78.7699 74.2087 76.8986 73.6266 76.5665 73.2828 curveto
closepath
F dofillsave
F dostroke
% ---- Object #46:52 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
76.6963 73.1807 moveto
75.5919 73.4073 74.8042 73.9588 74.8042 74.5963 curveto
74.8042 75.3285 75.8436 75.9473 77.2085 76.0906 curveto
F dofillsave
F dostroke
% ---- Object #47:53 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
76.8165 76.2792 moveto
76.5496 75.9715 78.1744 75.6542 80.3561 75.4824 curveto
82.5378 75.2197 84.3333 75.6787 84.3333 76.5936 curveto
84.3333 77.5085 82.7843 77.9288 80.9021 77.5519 curveto
79.0199 77.205 77.1486 76.623 76.8165 76.2792 curveto
closepath
F dofillsave
F dostroke
% ---- Object #48:54 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
76.9463 76.3198 moveto
75.8419 76.5464 75.0542 77.0979 75.0542 77.7353 curveto
75.0542 78.4676 76.0936 79.0864 77.4585 79.2297 curveto
F dofillsave
F dostroke
% ---- Object #49:55 Obj Type: 10
0 setlinecap
0 setlinejoin
76.604 61.8221 moveto
75.3346 61.6088 74.4292 61.0898 74.4292 60.4898 curveto
74.4292 59.8006 75.6239 59.2182 77.1927 59.0833 curveto
F dofillsave
F dostroke
% ---- Object #50:56 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
77.0665 79.1329 moveto
76.7996 78.8251 78.4244 78.5079 80.6061 78.336 curveto
82.7878 78.0734 84.5833 78.5324 84.5833 79.4473 curveto
84.5833 80.3622 83.0343 80.7825 81.1521 80.4056 curveto
79.2699 80.0587 77.3986 79.4767 77.0665 79.1329 curveto
closepath
F dofillsave
F dostroke
% ---- Object #51:57 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
76.9463 79.1734 moveto
75.8419 79.4001 75.0542 79.9516 75.0542 80.589 curveto
75.0542 81.3212 76.0936 81.9401 77.4585 82.0833 curveto
F dofillsave
F dostroke
% ---- Object #52:58 Obj Type: 99
% ---- Object #53:59 Obj Type: 99
% ---- Object #54:60 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
300.25 119 moveto
325.25 119 lineto
F dostroke
grestore
% ---- Object #55:61 Obj Type: 6
0 setlinecap
0 setlinejoin
326.5833 118.7917 moveto
326.5833 118.1745 326.0755 117.6667 325.4583 117.6667 curveto
324.8412 117.6667 324.3333 118.1745 324.3333 118.7917 curveto
324.3333 119.4088 324.8412 119.9167 325.4583 119.9167 curveto
326.0755 119.9167 326.5833 119.4088 326.5833 118.7917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #56:62 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
300.5 96.75 moveto
325.5 96.75 lineto
F dostroke
grestore
% ---- Object #57:63 Obj Type: 6
0 setlinecap
0 setlinejoin
326.5833 96.5417 moveto
326.5833 95.9245 326.0755 95.4167 325.4583 95.4167 curveto
324.8412 95.4167 324.3333 95.9245 324.3333 96.5417 curveto
324.3333 97.1588 324.8412 97.6667 325.4583 97.6667 curveto
326.0755 97.6667 326.5833 97.1588 326.5833 96.5417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #58:64 Obj Type: 99
% ---- Object #59:65 Obj Type: 4
0 setlinecap
0 setlinejoin
123.1667 258.0833 93.1667 301.0833 rectpath
F dofillsave
F dostroke
% ---- Object #60:66 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgra�¡�À �y
267.875 111.5 moveto
(Series)
F F 24.4312 0 6 0 0 fittext
0 setgray
260.375 99.5 moveto
(Regulator)
F F 39.4312 0 9 0 0 fittext
restore
% ---- Object #61:67 Obj Type: 99
% ---- Object #62:68 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
329.625 116 moveto
(+)
show
restore
% ---- Object #63:69 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
331.125 95.5 moveto
(\320)
show
restore
% ---- Object #64:70 Obj Type: 6
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
0 fg
212.5 80.7084 moveto
212.5 80.0912 211.9921 79.5834 211.375 79.5834 curveto
210.7579 79.5834 210.25 80.0912 210.25 80.7084 curveto
210.25 81.3255 210.7579 81.8334 211.375 81.8334 curveto
211.9921 81.8334 212.5 81.3255 212.5 80.7084 curveto
closepath
F dofillsave
F dostroke
% ---- Object #65:71 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
211.4167 81.5833 moveto
211.4167 115.9167 lineto
F dostroke
grestore
% ---- Object #66:72 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
225.125 103 moveto
(26 V)
F F 19.7192 1 4 0 0 fittext
restore
% ---- Object #67:73 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
129.3333 99.9167 moveto
97.5833 99.9167 lineto
F dostroke
grestore
% ---- Object #68:74 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
129.8333 39.75 moveto
98.0833 39.75 lineto
F dostroke
grestore
% ---- Object #69:75 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
129.75 100 moveto
129.75 77.25 lineto
F dostroke
grestore
% ---- Object #70:76 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
130.25 40.75 moveto
130.25 63.75 lineto
F dostroke
grestore
% ---- Object #71:77 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
130.0833 76.4167 moveto
144.75 76.4167 lineto
F dostroke
grestore
% ---- Object #72:78 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
130.0833 63.4167 moveto
144.75 63.4167 lineto
F dostroke
grestore
% ---- Object #73:79 Obj Type: 99
% ---- Object #74:80 Obj Type: 4
0 setlinecap
0 setlinejoin
83.6667 145.0833 53.6667 188.0833 rectpath
F dostroke
% ---- Object #75:81 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
153.625 72.5 moveto
(Bridge)
F F 27.2144 0 6 0 0 fittext
0 setgray
149.875 60.5 moveto
(Rectifier)
F F 34.9756 0 9 0 0 fittext
restore
% ---- Object #76:82 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
188.0833 81 moveto
228.75 81 lineto
F dostroke
grestore
% ---- Object #77:83 Obj Type: 6
0 setlinecap
0 setlinejoin
1 fg
202.6667 80.7917 moveto
202.6667 80.1745 202.1588 79.6667 201.5417 79.6667 curveto
200.9246 79.6667 200.4167 80.1745 200.4167 80.7917 curveto
200.4167 81.4088 200.9246 81.9167 201.5417 81.9167 curveto
202.1588 81.9167 202.6667 81.4088 202.6667 80.7917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #78:84 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
188.0833 58.75 moveto
217.4167 58.75 lineto
F dostroke
grestore
% ---- Object #79:85 Obj Type: 6
0 setlinecap
0 setlinejoin
220 58.5417 moveto
220 57.9245 219.4921 57.4167 218.875 57.4167 curveto
218.2579 57.4167 217.75 57.9245 217.75 58.5417 curveto
217.75 59.1588 218.2579 59.6667 218.875 59.6667 curveto
219.4921 59.6667 220 59.1588 220 58.5417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #80:86 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
229.0833 81 moveto
229.0833 71.5833 lineto
F dostroke
grestore
% ---- Object #81:87 Obj Type: 99
% ---- Object #82:88 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
249.0833 99.6666 moveto
249.0833 94.25 lineto
F dostroke
grestore
% ---- Object #83:89 Obj Type: 99
% ---- Object #84:90 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
246.0834 93.9166 moveto
251.5834 93.9166 lineto
F dostroke
grestore
% ---- Object #85:91 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
250.8334 92.1666 moveto
247.0834 92.1666 lineto
F dostroke
grestore
% ---- Object #86:92 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
250.0834 90.6666 moveto
247.8334 90.6666 lineto
F dostroke
grestore
% ---- Object #87:93 Obj Type: 6
0 setlinecap
0 setlinejoin
0 fg
258.8333 116.375 moveto
258.8333 115.7579 258.3255 115.25 257.7083 115.25 curveto
257.0912 115.25 256.5833 115.7579 256.5833 116.375 curveto
256.5833 116.9921 257.0912 117.5 257.7083 117.5 curveto
258.3255 117.5 258.8333 116.9921 258.8333 116.375 curveto
closepath
F dofillsave
F dostroke
% ---- Object #88:94 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
257.75 99.6667 moveto
249.0833 99.6667 lineto
F dostroke
grestore
% ---- Object #89:95 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
201.4167 53.3333 moveto
201.4167 26.5833 lineto
F dostroke
grestore
% ---- Object #90:96 Obj Type: 99
% ---- Object #91:97 Obj Type: 99
% ---- Object #92:98 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
300.25 74 moveto
325.25 74 lineto
F dostroke
grestore
% ---- Object #93:99 Obj Type: 6
0 setlinecap
0 setlinejoin
1 fg
326.5833 73.7917 moveto
326.5833 73.1745 326.0755 72.6667 325.4583 72.6667 curveto
324.8412 72.6667 324.3333 73.1745 324.3333 73.7917 curveto
324.3333 74.4088 324.8412 74.9167 325.4583 74.9167 curveto
326.0755 74.9167 326.5833 74.4088 326.5833 73.7917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #94:100 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
300.5 51.75 moveto
325.5 51.75 lineto
F dostroke
grestore
% ---- Object #95:101 Obj Type: 6
0 setlinecap
0 setlinejoin
326.5833 51.5417 moveto
326.5833 50.9245 326.0755 50.4167 325.4583 50.4167 curveto
324.8412 50.4167 324.3333 50.9245 324.3333 51.5417 curveto
324.3333 52.1588 324.8412 52.6667 325.4583 52.6667 curveto
326.0755 52.6667 326.5833 52.1588 326.5833 51.5417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #96:102 Obj Type: 99
% ---- Object #97:103 Obj Type: 4
0 setlinecap
0 setlinejoin
78.1667 258.0833 48.1667 301.0833 rectpath
F dofillsave
F dostroke
% ---- Object #98:104 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
267.875 66.5 moveto
(Series)
F F 24.4312 0 6 0 0 fittext
0 setgray
260.375 54.5 moveto
(Regulator)
F F 39.4312 0 9 0 0 fittext
restore
% ---- Object #99:105 Obj Type: 99
% ---- Object #100:106 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
329.625 71 moveto
(+)
show
restore
% ---- Object #101:107 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
331.125 50.5 moveto
(\320)
show
restore
% ---- Object #102:108 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
338.375 59 moveto
(12 V)
F F 19.7192 1 4 0 0 fittext
restore
% ---- Object #103:109 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
337.375 13.5 moveto
(24 V)
F F 19.7192 1 4 0 0 fittext
restore
% ---- Object #104:110 Obj Type: 99
% ---- Object #105:111 Obj Type: 99
% ---- Object #106:112 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
249.4167 54.3333 moveto
249.4167 48.9167 lineto
F dostroke
grestore
% ---- Object #107:113 Obj Type: 99
% ---- Object #108:114 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
246.4167 48.5833 moveto
251.9167 48.5833 lineto
F dostroke
grestore
% ---- Object #109:115 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
251.1667 46.8333 moveto
247.4167 46.8333 lineto
F dostroke
grestore
% ---- Object #110:116 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
250.4167 45.3333 moveto
248.1667 45.3333 lineto
F dostroke
grestore
% ---- Object #111:117 Obj Type: 6
0 setlinecap
0 setlinejoin
0 fg
259.1667 71.0417 moveto
259.1667 70.4246 258.6588 69.9167 25�¡�À �8.0417 69.9167 curveto
257.4246 69.9167 256.9167 70.4246 256.9167 71.0417 curveto
256.9167 71.6588 257.4246 72.1667 258.0417 72.1667 curveto
258.6588 72.1667 259.1667 71.6588 259.1667 71.0417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #112:118 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
258.0833 54.3334 moveto
249.4167 54.3334 lineto
F dostroke
grestore
% ---- Object #113:119 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
257.75 71.4167 moveto
229.0833 71.4167 lineto
F dostroke
grestore
% ---- Object #114:120 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
257.75 26.4167 moveto
201.4167 26.4167 lineto
F dostroke
grestore
% ---- Object #115:121 Obj Type: 99
% ---- Object #116:122 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
212.75 58.6667 moveto
212.75 53.25 lineto
F dostroke
grestore
% ---- Object #117:123 Obj Type: 99
% ---- Object #118:124 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
209.75 52.9167 moveto
215.25 52.9167 lineto
F dostroke
grestore
% ---- Object #119:125 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
214.5 51.1667 moveto
210.75 51.1667 lineto
F dostroke
grestore
% ---- Object #120:126 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
213.75 49.6667 moveto
211.5 49.6667 lineto
F dostroke
grestore
% ---- Object #121:127 Obj Type: 99
% ---- Object #122:128 Obj Type: 99
% ---- Object #123:129 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
300.25 29 moveto
325.25 29 lineto
F dostroke
grestore
% ---- Object #124:130 Obj Type: 6
0 setlinecap
0 setlinejoin
1 fg
326.5833 28.7917 moveto
326.5833 28.1745 326.0755 27.6667 325.4583 27.6667 curveto
324.8412 27.6667 324.3333 28.1745 324.3333 28.7917 curveto
324.3333 29.4088 324.8412 29.9167 325.4583 29.9167 curveto
326.0755 29.9167 326.5833 29.4088 326.5833 28.7917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #125:131 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
300.5 6.75 moveto
325.5 6.75 lineto
F dostroke
grestore
% ---- Object #126:132 Obj Type: 6
0 setlinecap
0 setlinejoin
326.5833 6.5417 moveto
326.5833 5.9245 326.0755 5.4167 325.4583 5.4167 curveto
324.8412 5.4167 324.3333 5.9245 324.3333 6.5417 curveto
324.3333 7.1588 324.8412 7.6667 325.4583 7.6667 curveto
326.0755 7.6667 326.5833 7.1588 326.5833 6.5417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #127:133 Obj Type: 99
% ---- Object #128:134 Obj Type: 4
0 setlinecap
0 setlinejoin
33.1667 258.0833 3.1667 301.0833 rectpath
F dofillsave
F dostroke
% ---- Object #129:135 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
267.875 21.5 moveto
(Series)
F F 24.4312 0 6 0 0 fittext
0 setgray
260.375 9.5 moveto
(Regulator)
F F 39.4312 0 9 0 0 fittext
restore
% ---- Object #130:136 Obj Type: 99
% ---- Object #131:137 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
329.625 26 moveto
(+)
show
restore
% ---- Object #132:138 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
331.125 5.5 moveto
(\320)
show
restore
% ---- Object #133:139 Obj Type: 99
% ---- Object #134:140 Obj Type: 99
% ---- Object #135:141 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
249.4167 9.6667 moveto
249.4167 4.25 lineto
F dostroke
grestore
% ---- Object #136:142 Obj Type: 99
% ---- Object #137:143 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
246.4167 3.9167 moveto
251.9167 3.9167 lineto
F dostroke
grestore
% ---- Object #138:144 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
251.1667 2.1667 moveto
247.4167 2.1667 lineto
F dostroke
grestore
% ---- Object #139:145 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
250.4167 0.6667 moveto
248.1667 0.6667 lineto
F dostroke
grestore
% ---- Object #140:146 Obj Type: 6
0 setlinecap
0 setlinejoin
0 fg
259.1667 26.375 moveto
259.1667 25.7579 258.6588 25.25 258.0417 25.25 curveto
257.4246 25.25 256.9167 25.7579 256.9167 26.375 curveto
256.9167 26.9922 257.4246 27.5 258.0417 27.5 curveto
258.6588 27.5 259.1667 26.9922 259.1667 26.375 curveto
closepath
F dofillsave
F dostroke
% ---- Object #141:147 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
258.0833 9.6667 moveto
249.4167 9.6667 lineto
F dostroke
grestore
% ---- Object #142:148 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
339.625 134 moveto
(Very poor efficiency)
F F 83.2788 2 20 0 0 fittext
restore
% ---- Object #143:149 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
341.125 85 moveto
(Poor efficiency)
F F 61.3525 1 15 0 0 fittext
restore
% ---- Object #144:150 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
344.625 38.5 moveto
(High efficiency)
F F 62.4634 1 15 0 0 fittext
restore
% ---- Object #145:151 Obj Type: 9
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
337 87.5025 moveto
299.3784 87.5025 lineto
gsave
newpath
293.4523 87.496 moveto
295.4408 86.5687 296.8782 85.1313 297.8055 83.1428 curveto
293.7271 81.241 293.7271 81.241 289.6487 79.3393 curveto
289.6487 79.3393 293.4523 87.496 293.4523 87.496 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
295.7773 84.4812 lineto
F dostroke
% ---- Object #146:152 Obj Type: 9
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
341.5 41.5025 moveto
300.3513 41.5025 lineto
gsave
newpath
293.9347 41.2858 moveto
295.872 40.2557 297.2322 38.745 298.0541 36.7107 curveto
293.8818 35.025 293.8818 35.025 289.7095 33.3393 curveto
289.7095 33.3393 293.9347 41.2858 293.9347 41.2858 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
296.057 38.2084 lineto
F dostroke
% ---- Object #147:153 Obj Type: 9
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
337 135.5025 moveto
299.3784 135.5025 lineto
gsave
newpath
293.4523 135.496 moveto
295.4408 134.5687 296.8782 133.1313 297.8055 131.1428 curveto
293.7271 129.241 293.7271 129.241 289.6487 127.3393 curveto
289.6487 127.3393 293.4523 135.496 293.4523 135.496 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
295.7773 132.4812 lineto
F dostroke
% ---- Object #148:154 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
225.125 57.5 moveto
(26 V)
F F 19.7192 1 4 0 0 fittext
restore
% ---- Object #149:155 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
225.125 13 moveto
(26 V)
F F 19.7192 1 4 0 0 fittext
restore
% ---- Object #150:156 Obj Type: 99
% ---- Object #151:157 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
248.625 10 moveto
(\320)
show
restore
% ---- Object #152:158 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
248.875 18.5 moveto
(+)
show
restore
% ---- Object #153:159 Obj Type: 99
% ---- Object #154:160 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
248.625 55.5 moveto
(\320)
show
restore
% ---- Object #155:161 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
248.875 64 moveto
(+)
show
restore
% ---- Object #156:162 Obj Type: 99
% ---- Object #157:163 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
248.625 100 moveto
(\320)
show
restore
% ---- Object #158:164 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
248.875 108.5 movet�¡�À �o
(+)
show
restore
% ---- Object #159:165 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
340.375 107 moveto
(5 V)
F F 14.7192 1 3 0 0 fittext
restore
% ---- Object #160:166 Obj Type: 99
% ---- Object #161:167 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
25.375 66 moveto
(110 V)
F F 24.7192 1 5 0 0 fittext
restore
% ---- Object #162:168 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
32.375 94.5 moveto
(+)
show
restore
% ---- Object #163:169 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
32.875 40 moveto
(\320)
show
restore
% ---- Object #164:170 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
0.375 116 moveto
(\(b\))
F F 13.9863 0 3 0 0 fittext
restore
% ---- Object #165:171 Obj Type: 99
% ---- Object #166:172 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
126.125 292 moveto
(+)
show
restore
% ---- Object #167:173 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
127.625 278 moveto
(\320)
show
restore
% ---- Object #168:174 Obj Type: 99
% ---- Object #169:175 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
203.625 191.5 moveto
(+)
show
restore
% ---- Object #170:176 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
205.125 177.5 moveto
(\320)
show
restore
% ---- Object #171:177 Obj Type: 99
% ---- Object #172:178 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
196.625 240 moveto
(+)
show
restore
% ---- Object #173:179 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
198.125 226 moveto
(\320)
show
restore
% ---- Object #174:180 Obj Type: 99
% ---- Object #175:181 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
267.125 191 moveto
(+)
show
restore
% ---- Object #176:182 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
268.625 177 moveto
(\320)
show
restore
% ---- Object #177:183 Obj Type: 99
% ---- Object #178:184 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
213.8021 323.6118 moveto
212.4276 323.1116 211.0723 323.1116 209.6978 323.6119 curveto
210.7239 326.4309 210.7239 326.4309 211.75 329.25 curveto
211.75 329.25 213.8021 323.6118 213.8021 323.6118 curveto
closepath
F doline
grestore
gsave
newpath
211.75 312.75 moveto
211.75 323.5 lineto
F dostroke
grestore
% ---- Object #179:185 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
237.3618 310.4479 moveto
236.8616 311.8224 236.8616 313.1777 237.3619 314.5522 curveto
240.1809 313.5261 240.1809 313.5261 243 312.5 curveto
243 312.5 237.3618 310.4479 237.3618 310.4479 curveto
closepath
F doline
grestore
gsave
newpath
211.75 312.5 moveto
237.25 312.5 lineto
F dostroke
grestore
% ---- Object #180:186 Obj Type: 99
% ---- Object #181:187 Obj Type: 10
0 setlinecap
0 setlinejoin
215.0006 319.8428 moveto
215.0002 319.8563 215 319.8698 215 319.8833 curveto
215 321.1815 216.8058 322.25 219 322.25 curveto
221.1942 322.25 223 321.1815 223 319.8833 curveto
223 319.8698 222.9998 319.8563 222.9994 319.8428 curveto
F dostroke
% ---- Object #182:188 Obj Type: 10
0 setlinecap
0 setlinejoin
223.0006 319.8428 moveto
223.0002 319.8563 223 319.8698 223 319.8833 curveto
223 321.1815 224.8058 322.25 227 322.25 curveto
229.1942 322.25 231 321.1815 231 319.8833 curveto
231 319.8698 230.9998 319.8563 230.9994 319.8428 curveto
F dostroke
% ---- Object #183:189 Obj Type: 10
0 setlinecap
0 setlinejoin
231.0006 319.75 moveto
231.0002 319.7635 231 319.777 231 319.7905 curveto
231 321.0887 232.8058 322.1572 235 322.1572 curveto
237.1942 322.1572 239 321.0887 239 319.7905 curveto
239 319.777 238.9998 319.7635 238.9994 319.75 curveto
F dostroke
% ---- Object #184:190 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
102.9167 298 moveto
102.9167 238.25 lineto
F dostroke
grestore
% ---- Object #185:191 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
122.25 298 moveto
122.25 238.25 lineto
F dostroke
grestore
% ---- Object #186:192 Obj Type: 99
% ---- Object #187:193 Obj Type: 4
0 0 setpen
1 fg
280.0555 117.9167 257.5114 125.9167 rectpath
F dofill
% ---- Object #188:194 Obj Type: 99
% ---- Object #189:195 Obj Type: 10
0.0586 0.0234 setpen
0 setlinecap
0 setlinejoin
122.7118 262.7261 moveto
122.7118 262.7262 122.7118 262.7262 122.7118 262.7262 curveto
123.4878 262.7262 124.1264 262.0687 124.1264 261.2699 curveto
124.1264 260.4711 123.4878 259.8137 122.7118 259.8137 curveto
F dostroke
% ---- Object #190:196 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
122.6835 262.8936 moveto
122.9505 262.5859 121.3256 262.2686 119.144 262.0968 curveto
116.9623 261.8341 115.1667 262.2932 115.1667 263.208 curveto
115.1667 264.1229 116.7158 264.5432 118.5979 264.1663 curveto
120.4801 263.8195 122.3514 263.2374 122.6835 262.8936 curveto
closepath
F dofillsave
F dostroke
% ---- Object #191:197 Obj Type: 10
0 setlinecap
0 setlinejoin
122.7928 259.9812 moveto
123.0598 259.6735 121.435 259.3562 119.2533 259.1844 curveto
117.0716 258.9217 115.276 259.3807 115.276 260.2956 curveto
115.276 261.2105 116.8251 261.6308 118.7073 261.2539 curveto
120.5895 260.907 122.4607 260.325 122.7928 259.9812 curveto
closepath
F dofillsave
F dostroke
% ---- Object #192:198 Obj Type: 10
0.0586 0.0234 setpen
0 setlinecap
0 setlinejoin
122.7118 265.7772 moveto
122.7118 265.7773 122.7118 265.7773 122.7118 265.7773 curveto
123.4878 265.7773 124.1264 265.1198 124.1264 264.3211 curveto
124.1264 263.5223 123.4878 262.8648 122.7118 262.8648 curveto
F dostroke
% ---- Object #193:199 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
122.6835 265.8061 moveto
122.9505 265.4983 121.3256 265.1811 119.144 265.0092 curveto
116.9623 264.7466 115.1667 265.2056 115.1667 266.1205 curveto
115.1667 267.0354 116.7158 267.4556 118.5979 267.0788 curveto
120.4801 266.7319 122.3514 266.1498 122.6835 265.8061 curveto
closepath
F dofillsave
F dostroke
% ---- Object #194:200 Obj Type: 10
0 setlinecap
0 setlinejoin
122.4178 268.5718 moveto
122.6848 268.2641 121.06 267.9468 118.8783 267.775 curveto
116.6966 267.5123 114.901 267.9713 114.901 268.8862 curveto
114.901 269.8011 116.4501 270.2214 118.3323 269.8445 curveto
120.2145 269.4977 122.0857 268.9156 122.4178 268.5718 curveto
closepath
F dofillsave
F dostroke
% ---- Object #195:201 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
122.538 265.616 moveto
123.6425 265.8426 124.4301 266.3941 124.4301 267.0316 curveto
124.4301 267.7638 123.3907 268.3826 122.0258 268.5259 curveto
F dofillsave
F dostroke
% ---- Object #196:202 Obj Type: 10
0 setlinecap
0 setlinejoin
122.538 268.4697 moveto
123.6425 268.6963 124.4301 269.2478 124.4301 269.8853 curveto
124.4301 270.6175 123.3907 271.2363 122.0258 271.3796 curveto
F dofillsave
F dostroke
% ---- Object #197:203 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
122.5428 271.2828 moveto
122.8098 270.9751 121.185 270.6578 119.0033 270.486 curveto
116.8216 270.2233 115.026 270.6823 115.026 271.5973 curveto
115.026 272.5121 116.5751 272.9324 118.4573 272.5555 curveto
120.3395 272.2087 122.2107 271.6266 122.5428 271.2828 curveto
closepath
F dofillsave
F dostroke
% ---- Object #198:204 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
122.413 271.1807 moveto
123.5175�¡�À � 271.4073 124.3051 271.9588 124.3051 272.5963 curveto
124.3051 273.3285 123.2657 273.9473 121.9008 274.0906 curveto
F dofillsave
F dostroke
% ---- Object #199:205 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
122.2928 274.2792 moveto
122.5598 273.9715 120.935 273.6542 118.7533 273.4824 curveto
116.5716 273.2197 114.776 273.6787 114.776 274.5936 curveto
114.776 275.5085 116.3251 275.9288 118.2073 275.5519 curveto
120.0895 275.205 121.9607 274.623 122.2928 274.2792 curveto
closepath
F dofillsave
F dostroke
% ---- Object #200:206 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
122.163 274.3198 moveto
123.2675 274.5464 124.0551 275.0979 124.0551 275.7353 curveto
124.0551 276.4676 123.0157 277.0864 121.6508 277.2297 curveto
F dofillsave
F dostroke
% ---- Object #201:207 Obj Type: 10
0 setlinecap
0 setlinejoin
122.5054 259.8221 moveto
123.7748 259.6088 124.6801 259.0898 124.6801 258.4898 curveto
124.6801 257.8006 123.4855 257.2182 121.9167 257.0833 curveto
F dofillsave
F dostroke
% ---- Object #202:208 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
122.0428 277.1329 moveto
122.3098 276.8251 120.685 276.5079 118.5033 276.336 curveto
116.3216 276.0734 114.526 276.5324 114.526 277.4473 curveto
114.526 278.3622 116.0751 278.7825 117.9573 278.4056 curveto
119.8395 278.0587 121.7107 277.4767 122.0428 277.1329 curveto
closepath
F dofillsave
F dostroke
% ---- Object #203:209 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
122.163 277.1734 moveto
123.2675 277.4001 124.0551 277.9516 124.0551 278.589 curveto
124.0551 279.3212 123.0157 279.9401 121.6508 280.0833 curveto
F dofillsave
F dostroke
% ---- Object #204:210 Obj Type: 6
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
128.3333 275.7917 moveto
128.3333 275.1745 127.8255 274.6667 127.2083 274.6667 curveto
126.5912 274.6667 126.0833 275.1745 126.0833 275.7917 curveto
126.0833 276.4088 126.5912 276.9167 127.2083 276.9167 curveto
127.8255 276.9167 128.3333 276.4088 128.3333 275.7917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #205:211 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
122.5 238.0833 moveto
141.0833 238.0833 lineto
F dostroke
grestore
% ---- Object #206:212 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
128.5833 275.8333 moveto
168.4167 275.8333 lineto
F dostroke
grestore
% ---- Object #207:213 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
102.8333 297.9167 moveto
71.0833 297.9167 lineto
F dostroke
grestore
% ---- Object #208:214 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
102.8333 237.75 moveto
71.0833 237.75 lineto
F dostroke
grestore
% ---- Object #209:215 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
122.4166 297.9167 moveto
168.4167 297.9167 lineto
F dostroke
grestore
% ---- Object #210:216 Obj Type: 6
0 setlinecap
0 setlinejoin
128 261.4583 moveto
128 260.8412 127.4921 260.3333 126.875 260.3333 curveto
126.2579 260.3333 125.75 260.8412 125.75 261.4583 curveto
125.75 262.0755 126.2579 262.5833 126.875 262.5833 curveto
127.4921 262.5833 128 262.0755 128 261.4583 curveto
closepath
F dofillsave
F dostroke
% ---- Object #211:217 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
128.25 261.5 moveto
174.75 261.5 lineto
F dostroke
grestore
% ---- Object #212:218 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
51.375 264 moveto
(110 V)
F F 24.7192 1 5 0 0 fittext
restore
% ---- Object #213:219 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
58.375 292.5 moveto
(+)
show
restore
% ---- Object #214:220 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
58.875 238 moveto
(\320)
show
restore
% ---- Object #215:221 Obj Type: 6
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
0 fg
162.5 297.875 moveto
162.5 297.2579 161.9921 296.75 161.375 296.75 curveto
160.7579 296.75 160.25 297.2579 160.25 297.875 curveto
160.25 298.4921 160.7579 299 161.375 299 curveto
161.9921 299 162.5 298.4921 162.5 297.875 curveto
closepath
F dofillsave
F dostroke
% ---- Object #216:222 Obj Type: 99
% ---- Object #217:223 Obj Type: 4
0 setlinecap
0 setlinejoin
302.1667 169.0833 272.1667 212.0833 rectpath
F dostroke
% ---- Object #218:224 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
177.625 291 moveto
(Bridge)
F F 27.2144 0 6 0 0 fittext
0 setgray
173.875 279 moveto
(Rectifier)
F F 34.9756 0 9 0 0 fittext
restore
% ---- Object #219:225 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
194.25 266.8333 moveto
149.75 266.8333 lineto
F dostroke
grestore
% ---- Object #220:226 Obj Type: 99
% ---- Object #221:227 Obj Type: 4
0 0 setpen
1 fg
280.0555 98.1927 257.5114 106.1927 rectpath
F dofill
% ---- Object #222:228 Obj Type: 99
% ---- Object #223:229 Obj Type: 10
0.0586 0.0234 setpen
0 setlinecap
0 setlinejoin
101.3976 262.7261 moveto
101.3976 262.7262 101.3976 262.7262 101.3976 262.7262 curveto
100.6216 262.7262 99.9829 262.0687 99.9829 261.2699 curveto
99.9829 260.4711 100.6216 259.8137 101.3976 259.8137 curveto
F dostroke
% ---- Object #224:230 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
101.4259 262.8936 moveto
101.1589 262.5859 102.7837 262.2686 104.9654 262.0968 curveto
107.1471 261.8341 108.9427 262.2932 108.9427 263.208 curveto
108.9427 264.1229 107.3936 264.5432 105.5114 264.1663 curveto
103.6293 263.8195 101.758 263.2374 101.4259 262.8936 curveto
closepath
F dofillsave
F dostroke
% ---- Object #225:231 Obj Type: 10
0 setlinecap
0 setlinejoin
101.3165 259.9812 moveto
101.0496 259.6735 102.6744 259.3562 104.8561 259.1844 curveto
107.0378 258.9217 108.8333 259.3807 108.8333 260.2956 curveto
108.8333 261.2105 107.2843 261.6308 105.4021 261.2539 curveto
103.5199 260.907 101.6486 260.325 101.3165 259.9812 curveto
closepath
F dofillsave
F dostroke
% ---- Object #226:232 Obj Type: 10
0.0586 0.0234 setpen
0 setlinecap
0 setlinejoin
101.3976 265.7772 moveto
101.3976 265.7773 101.3976 265.7773 101.3976 265.7773 curveto
100.6216 265.7773 99.9829 265.1198 99.9829 264.3211 curveto
99.9829 263.5223 100.6216 262.8648 101.3976 262.8648 curveto
F dostroke
% ---- Object #227:233 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
101.4259 265.8061 moveto
101.1589 265.4983 102.7837 265.1811 104.9654 265.0092 curveto
107.1471 264.7466 108.9427 265.2056 108.9427 266.1205 curveto
108.9427 267.0354 107.3936 267.4556 105.5114 267.0788 curveto
103.6293 266.7319 101.758 266.1498 101.4259 265.8061 curveto
closepath
F dofillsave
F dostroke
% ---- Object #228:234 Obj Type: 10
0 setlinecap
0 setlinejoin
101.6915 268.5718 moveto
101.4246 268.2641 103.0494 267.9468 105.2311 267.775 curveto
107.4127 267.5123 109.2083 267.9713 109.2083 268.8862 curveto
109.2083 269.8011 107.6592 270.2214 105.7771 269.8445 curveto
103.8949 269.4977 102.0236 268.9156 101.6915 268.5718 curveto
closepath
F dofillsave
F dostroke
% ---- Object #229:235 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
101.5713 265.616 moveto
100.4669 265.8426 99.6792 266.3941 99.6792 267.0316 curveto
99.6792 267.7638 100.7186 268.3826 102.0835 268.5259 curveto
F dofillsave
F dostroke
% ---- Object #230:236 Obj Type: 10
0 setlinecap
0 setlinejoin
101.5713 268.4697 moveto
100.4669 268.6963 99.6792 269.2478 99.6792 269.8853 curveto
99.6792 270.6175 100.7186 271.2363 102.0835 271.3796 curveto
F dofillsave
F dostroke
% ---- Object #231:237 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
101.5665 271.2828 moveto
101.2996 270.9751 102.9244 270.6578 105.1061 270.486 curveto
107.2877 270.2233 109.0833 270.6823 109.0833 271.5973 curveto
109.0833 272.5121 107.5342 272.9324 105.6521 272.5555 curveto
103.7699 272.2087 101.8986 271.6266 101.5665 271.2828 curveto
closepath
F dofillsave
F dostroke
% ---- Object #232:238 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
101.6963 271.1807 moveto
100.5919 271.4073 99.8042 271.9588 99.8042 272.5963 curveto
99.8042 2�¡�À �73.3285 100.8436 273.9473 102.2085 274.0906 curveto
F dofillsave
F dostroke
% ---- Object #233:239 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
101.8165 274.2792 moveto
101.5496 273.9715 103.1744 273.6542 105.3561 273.4824 curveto
107.5378 273.2197 109.3333 273.6787 109.3333 274.5936 curveto
109.3333 275.5085 107.7843 275.9288 105.9021 275.5519 curveto
104.0199 275.205 102.1486 274.623 101.8165 274.2792 curveto
closepath
F dofillsave
F dostroke
% ---- Object #234:240 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
101.9463 274.3198 moveto
100.8419 274.5464 100.0542 275.0979 100.0542 275.7353 curveto
100.0542 276.4676 101.0936 277.0864 102.4585 277.2297 curveto
F dofillsave
F dostroke
% ---- Object #235:241 Obj Type: 10
0 setlinecap
0 setlinejoin
101.604 259.8221 moveto
100.3346 259.6088 99.4292 259.0898 99.4292 258.4898 curveto
99.4292 257.8006 100.6239 257.2182 102.1927 257.0833 curveto
F dofillsave
F dostroke
% ---- Object #236:242 Obj Type: 10
0.0469 0.0352 setpen
0 setlinecap
0 setlinejoin
102.0665 277.1329 moveto
101.7996 276.8251 103.4244 276.5079 105.6061 276.336 curveto
107.7878 276.0734 109.5833 276.5324 109.5833 277.4473 curveto
109.5833 278.3622 108.0343 278.7825 106.1521 278.4056 curveto
104.2699 278.0587 102.3986 277.4767 102.0665 277.1329 curveto
closepath
F dofillsave
F dostroke
% ---- Object #237:243 Obj Type: 10
0.0586 0.0469 setpen
0 setlinecap
0 setlinejoin
101.9463 277.1734 moveto
100.8419 277.4001 100.0542 277.9516 100.0542 278.589 curveto
100.0542 279.3212 101.0936 279.9401 102.4585 280.0833 curveto
F dofillsave
F dostroke
% ---- Object #238:244 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
140.9167 237.6667 moveto
140.9167 175.75 lineto
F dostroke
grestore
% ---- Object #239:245 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
175.0833 260.9167 moveto
175.0833 224.75 lineto
F dostroke
grestore
% ---- Object #240:246 Obj Type: 99
% ---- Object #241:247 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
212 298 moveto
237 298 lineto
F dostroke
grestore
% ---- Object #242:248 Obj Type: 6
0 setlinecap
0 setlinejoin
238.3333 297.7917 moveto
238.3333 297.1745 237.8255 296.6667 237.2083 296.6667 curveto
236.5912 296.6667 236.0833 297.1745 236.0833 297.7917 curveto
236.0833 298.4088 236.5912 298.9167 237.2083 298.9167 curveto
237.8255 298.9167 238.3333 298.4088 238.3333 297.7917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #243:249 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
212.25 275.75 moveto
237.25 275.75 lineto
F dostroke
grestore
% ---- Object #244:250 Obj Type: 6
0 setlinecap
0 setlinejoin
238.3333 275.5417 moveto
238.3333 274.9245 237.8255 274.4167 237.2083 274.4167 curveto
236.5912 274.4167 236.0833 274.9245 236.0833 275.5417 curveto
236.0833 276.1588 236.5912 276.6667 237.2083 276.6667 curveto
237.8255 276.6667 238.3333 276.1588 238.3333 275.5417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #245:251 Obj Type: 99
% ---- Object #246:252 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
281.25 298 moveto
306.25 298 lineto
F dostroke
grestore
% ---- Object #247:253 Obj Type: 6
0 setlinecap
0 setlinejoin
307.5833 297.7917 moveto
307.5833 297.1745 307.0755 296.6667 306.4583 296.6667 curveto
305.8412 296.6667 305.3333 297.1745 305.3333 297.7917 curveto
305.3333 298.4088 305.8412 298.9167 306.4583 298.9167 curveto
307.0755 298.9167 307.5833 298.4088 307.5833 297.7917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #248:254 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
281.5 275.75 moveto
306.5 275.75 lineto
F dostroke
grestore
% ---- Object #249:255 Obj Type: 6
0 setlinecap
0 setlinejoin
307.5833 275.5417 moveto
307.5833 274.9245 307.0755 274.4167 306.4583 274.4167 curveto
305.8412 274.4167 305.3333 274.9245 305.3333 275.5417 curveto
305.3333 276.1588 305.8412 276.6667 306.4583 276.6667 curveto
307.0755 276.6667 307.5833 276.1588 307.5833 275.5417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #250:256 Obj Type: 99
% ---- Object #251:257 Obj Type: 4
0 setlinecap
0 setlinejoin
302.1667 239.0833 272.1667 282.0833 rectpath
F dofillsave
F dostroke
% ---- Object #252:258 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
248.875 290.5 moveto
(Series)
F F 24.4312 0 6 0 0 fittext
0 setgray
241.375 278.5 moveto
(Regulator)
F F 39.4312 0 9 0 0 fittext
restore
% ---- Object #253:259 Obj Type: 99
% ---- Object #254:260 Obj Type: 99
% ---- Object #255:261 Obj Type: 4
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
250.6667 223.0833 220.6667 266.0833 rectpath
F dostroke
% ---- Object #256:262 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
231.625 239.5 moveto
(Bridge)
F F 27.2144 0 6 0 0 fittext
0 setgray
227.875 227.5 moveto
(Rectifier)
F F 34.9756 0 9 0 0 fittext
restore
% ---- Object #257:263 Obj Type: 99
% ---- Object #258:264 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
266 246.5 moveto
291 246.5 lineto
F dostroke
grestore
% ---- Object #259:265 Obj Type: 6
0 setlinecap
0 setlinejoin
292.3333 246.2917 moveto
292.3333 245.6745 291.8255 245.1667 291.2083 245.1667 curveto
290.5912 245.1667 290.0833 245.6745 290.0833 246.2917 curveto
290.0833 246.9088 290.5912 247.4167 291.2083 247.4167 curveto
291.8255 247.4167 292.3333 246.9088 292.3333 246.2917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #260:266 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
266.25 224.25 moveto
291.25 224.25 lineto
F dostroke
grestore
% ---- Object #261:267 Obj Type: 6
0 setlinecap
0 setlinejoin
292.3333 224.0417 moveto
292.3333 223.4245 291.8255 222.9167 291.2083 222.9167 curveto
290.5912 222.9167 290.0833 223.4245 290.0833 224.0417 curveto
290.0833 224.6588 290.5912 225.1667 291.2083 225.1667 curveto
291.8255 225.1667 292.3333 224.6588 292.3333 224.0417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #262:268 Obj Type: 99
% ---- Object #263:269 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
335.25 246.5 moveto
360.25 246.5 lineto
F dostroke
grestore
% ---- Object #264:270 Obj Type: 6
0 setlinecap
0 setlinejoin
361.5833 246.2917 moveto
361.5833 245.6745 361.0755 245.1667 360.4583 245.1667 curveto
359.8412 245.1667 359.3333 245.6745 359.3333 246.2917 curveto
359.3333 246.9088 359.8412 247.4167 360.4583 247.4167 curveto
361.0755 247.4167 361.5833 246.9088 361.5833 246.2917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #265:271 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
335.5 224.25 moveto
360.5 224.25 lineto
F dostroke
grestore
% ---- Object #266:272 Obj Type: 6
0 setlinecap
0 setlinejoin
361.5833 224.0417 moveto
361.5833 223.4245 361.0755 222.9167 360.4583 222.9167 curveto
359.8412 222.9167 359.3333 223.4245 359.3333 224.0417 curveto
359.3333 224.6588 359.8412 225.1667 360.4583 225.1667 curveto
361.0755 225.1667 361.5833 224.6588 361.5833 224.0417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #267:273 Obj Type: 99
% ---- Object #268:274 Obj Type: 4
0 setlinecap
0 setlinejoin
250.6667 293.0833 220.6667 336.0833 rectpath
F dofillsave
F dostroke
% ---- Object #269:275 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
302.875 239 moveto
(Series)
F F 24.4312 0 6 0 0 fittext
0 setgray
295.375 227 moveto
(Regulator)
F F 39.4312 0 9 0 0 fittext
restore
% ---- Object #270:276 Obj Type: 99
% ---- Object #271:277 Obj Type: 99
% ---- Object #272:278 Obj Type: 4
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
202.1667 223.0833 172.1667 266.0833 rectpath
F dostroke
% ---- Object #273:279 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
231.625 191 moveto
(Bridge)
F F 27.2144 0 6 0 0 fittext
0 setgray
227.875 179 moveto
(Rectifier)
F F 34.9756 0 9 0 0 fittext
restore
% ---- Object #274:280 Obj Type: 99
% ---- Object #275:281 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath�¡�À �
266 198 moveto
291 198 lineto
F dostroke
grestore
% ---- Object #276:282 Obj Type: 6
0 setlinecap
0 setlinejoin
292.3333 197.7917 moveto
292.3333 197.1745 291.8255 196.6667 291.2083 196.6667 curveto
290.5912 196.6667 290.0833 197.1745 290.0833 197.7917 curveto
290.0833 198.4088 290.5912 198.9167 291.2083 198.9167 curveto
291.8255 198.9167 292.3333 198.4088 292.3333 197.7917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #277:283 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
266.25 175.75 moveto
291.25 175.75 lineto
F dostroke
grestore
% ---- Object #278:284 Obj Type: 6
0 setlinecap
0 setlinejoin
292.3333 175.5417 moveto
292.3333 174.9245 291.8255 174.4167 291.2083 174.4167 curveto
290.5912 174.4167 290.0833 174.9245 290.0833 175.5417 curveto
290.0833 176.1588 290.5912 176.6667 291.2083 176.6667 curveto
291.8255 176.6667 292.3333 176.1588 292.3333 175.5417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #279:285 Obj Type: 99
% ---- Object #280:286 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
335.25 198 moveto
360.25 198 lineto
F dostroke
grestore
% ---- Object #281:287 Obj Type: 6
0 setlinecap
0 setlinejoin
361.5833 197.7917 moveto
361.5833 197.1745 361.0755 196.6667 360.4583 196.6667 curveto
359.8412 196.6667 359.3333 197.1745 359.3333 197.7917 curveto
359.3333 198.4088 359.8412 198.9167 360.4583 198.9167 curveto
361.0755 198.9167 361.5833 198.4088 361.5833 197.7917 curveto
closepath
F dofillsave
F dostroke
% ---- Object #282:288 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
335.5 175.75 moveto
360.5 175.75 lineto
F dostroke
grestore
% ---- Object #283:289 Obj Type: 6
0 setlinecap
0 setlinejoin
361.5833 175.5417 moveto
361.5833 174.9245 361.0755 174.4167 360.4583 174.4167 curveto
359.8412 174.4167 359.3333 174.9245 359.3333 175.5417 curveto
359.3333 176.1588 359.8412 176.6667 360.4583 176.6667 curveto
361.0755 176.6667 361.5833 176.1588 361.5833 175.5417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #284:290 Obj Type: 99
% ---- Object #285:291 Obj Type: 4
0 setlinecap
0 setlinejoin
202.1667 293.0833 172.1667 336.0833 rectpath
F dofillsave
F dostroke
% ---- Object #286:292 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
302.875 190.5 moveto
(Series)
F F 24.4312 0 6 0 0 fittext
0 setgray
295.375 178.5 moveto
(Regulator)
F F 39.4312 0 9 0 0 fittext
restore
% ---- Object #287:293 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
222.25 246.3333 moveto
194.75 246.3333 lineto
F dostroke
grestore
% ---- Object #288:294 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
222.5833 224.3333 moveto
174.75 224.3333 lineto
F dostroke
grestore
% ---- Object #289:295 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
194.5833 266.9167 moveto
194.5833 246.75 lineto
F dostroke
grestore
% ---- Object #290:296 Obj Type: 6
0 setlinecap
0 setlinejoin
0 fg
151.5 298.0417 moveto
151.5 297.4246 150.9921 296.9167 150.375 296.9167 curveto
149.7579 296.9167 149.25 297.4246 149.25 298.0417 curveto
149.25 298.6588 149.7579 299.1667 150.375 299.1667 curveto
150.9921 299.1667 151.5 298.6588 151.5 298.0417 curveto
closepath
F dofillsave
F dostroke
% ---- Object #291:297 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
150.0833 298.3333 moveto
150.0833 267.25 lineto
F dostroke
grestore
% ---- Object #292:298 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
222.75 198 moveto
161.25 198 lineto
F dostroke
grestore
% ---- Object #293:299 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
222.4167 175.6667 moveto
141.0833 175.6667 lineto
F dostroke
grestore
% ---- Object #294:300 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
214.625 292 moveto
(+)
show
restore
% ---- Object #295:301 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
216.125 278 moveto
(\320)
show
restore
% ---- Object #296:302 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
6 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
133.375 285 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
140.625 282.25 moveto
(i)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
6 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
143.125 282.25 moveto
(1)
show
restore
% ---- Object #297:303 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
267.125 239.5 moveto
(+)
show
restore
% ---- Object #298:304 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
268.625 225.5 moveto
(\320)
show
restore
% ---- Object #299:305 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
270.875 230 moveto
(14 V)
F F 19.7192 1 4 0 0 fittext
restore
% ---- Object #300:306 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
270.875 183 moveto
(26 V)
F F 19.7192 1 4 0 0 fittext
restore
% ---- Object #301:307 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
315.875 283.5 moveto
(5 V)
F F 14.7192 1 3 0 0 fittext
restore
% ---- Object #302:308 Obj Type: 99
% ---- Object #303:309 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
310.625 295 moveto
(+)
show
restore
% ---- Object #304:310 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
312.125 274.5 moveto
(\320)
show
restore
% ---- Object #305:311 Obj Type: 99
% ---- Object #306:312 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
365.125 243.5 moveto
(+)
show
restore
% ---- Object #307:313 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
366.625 223 moveto
(\320)
show
restore
% ---- Object #308:314 Obj Type: 99
% ---- Object #309:315 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
365.125 194 moveto
(+)
show
restore
% ---- Object #310:316 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
366.625 173.5 moveto
(\320)
show
restore
% ---- Object #311:317 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
370.875 233.5 moveto
(12 V)
F F 19.7192 1 4 0 0 fittext
restore
% ---- Object #312:318 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
370.875 183.5 moveto
(24 V)
F F 19.7192 1 4 0 0 fittext
restore
% ---- Object #313:319 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
0.375 299 moveto
(\(a\))
F F 13.3125 0 3 0 0 fittext
restore
% ---- Object #314:320 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
0 setgray
mark /|___Times-Roman /Times-Ro�¡�À�Oman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
6 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
181.375 235 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
188.625 232.25 moveto
(i)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
6 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
191.125 232.25 moveto
(2)
show
restore
% ---- Object #315:321 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
6 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
185.375 187.5 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
192.625 184.75 moveto
(i)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
6 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
195.125 184.75 moveto
(3)
show
restore
% ---- Object #316:322 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
220.875 283.5 moveto
(6 V)
F F 14.7192 1 3 0 0 fittext
restore
% ---- Object #317:323 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
161.0833 297.4167 moveto
161.0833 198.25 lineto
F dostroke
grestore
% ---- Object #318:324 Obj Type: 99
% ---- Object #319:325 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
382.625 262 moveto
(High efficiency)
F F 62.4634 1 15 0 0 fittext
restore
% ---- Object #320:326 Obj Type: 9
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
371 263.5025 moveto
333.3784 263.5025 lineto
gsave
newpath
327.4523 263.496 moveto
329.4408 262.5687 330.8782 261.1313 331.8055 259.1428 curveto
327.7271 257.241 327.7271 257.241 323.6487 255.3393 curveto
323.6487 255.3393 327.4523 263.496 327.4523 263.496 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
329.7773 260.4812 lineto
F dostroke
% ---- Object #321:327 Obj Type: 99
% ---- Object #322:328 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
382.625 210 moveto
(High efficiency)
F F 62.4634 1 15 0 0 fittext
restore
% ---- Object #323:329 Obj Type: 9
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
371 211.5025 moveto
333.3784 211.5025 lineto
gsave
newpath
327.4523 211.496 moveto
329.4408 210.5687 330.8782 209.1313 331.8055 207.1428 curveto
327.7271 205.241 327.7271 205.241 323.6487 203.3393 curveto
323.6487 203.3393 327.4523 211.496 327.4523 211.496 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
329.7773 208.4812 lineto
F dostroke
% ---- Object #324:330 Obj Type: 99
% ---- Object #325:331 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
325.625 312 moveto
(High efficiency)
F F 62.4634 1 15 0 0 fittext
restore
% ---- Object #326:332 Obj Type: 9
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
314 313.5025 moveto
276.3784 313.5025 lineto
gsave
newpath
270.4523 313.496 moveto
272.4408 312.5687 273.8782 311.1313 274.8055 309.1428 curveto
270.7271 307.241 270.7271 307.241 266.6487 305.3393 curveto
266.6487 305.3393 270.4523 313.496 270.4523 313.496 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
272.7773 310.4812 lineto
F dostroke
origmtx setmatrix
systemdict /setpacking known {origpack setpacking} if end
showpage
%%EndDocument:
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Figure 3: An efficient multiple output power supply with multiple-tapped transformer (a) and a simple but very inefficient implementation (b).

This is much more power efficient than using a simple transformer/rectifier and three regulators (Fig. 3b).

Linear Regulator Specs:

Linear regulators specifications are easy to understand and their performance is summarized in a few specifications:


Regulated Output Voltage  Vo
(~1 V to Vline - 2 V)


Output Voltage Ripple  VR
(mV levels)


Line Regulation  




 (<mV/V)


Load Regulation  




 (~mV/A)


Short Circuit Current Isc
(10 mA to 10 A)
The data sheet of the LM 105/205/305/376 linear regulator family is in the Appendix.

Switching Power Supplies:

As seen above, linear regulators are not efficient especially if a large range of output voltages are needed. For high power systems a switching power supply is used. The theory of these supplies are beyond this course but it suffices to say that they are very efficient (85-95%) and can deliver large amounts of power (50-1000 W). However, they do not offer excellent line and load regulation, low ripple and low noise as linear power supplies. For this reason, all analog/instrumentation/audio systems use linear regulators and all digital/computer/printer systems use switching power supplies.
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10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
178.875 544 moveto
(R)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
185.625 541 moveto
(L)
show
restore
% ---- Object #382:396 Obj Type: 3
0.5977 0.5977 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
217.161 400.2477 moveto
216.6608 401.6223 216.6608 402.9775 217.1611 404.352 curveto
219.9801 403.3259 219.9801 403.3259 222.7992 402.2998 curveto
222.7992 402.2998 217.161 400.2477 217.161 400.2477 curveto
closepath
F doline
grestore
gsave
newpath
217.0492 402.2998 moveto
28.9999 402.2998 lineto
F dostroke
grestore
% ---- Object #383:406 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
35.852 492.0618 moveto
34.4775 491.5616 33.1223 491.5616 31.7478 492.0619 curveto
32.7738 494.8809 32.7738 494.8809 33.7999 497.7 curveto
33.7999 497.7 35.852 492.0618 35.852 492.0618 curveto
closepath
F doline
grestore
gsave
newpath
33.7999 491.95 moveto
33.7999 398.6998 lineto
F dostroke
grestore
% ---- Object #384:408 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
170.5983 402.701 moveto
170.5983 466.7012 lineto
F dostroke
grestore
% ---- Object #385:410 Obj Type: 3
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
161.0995 456 moveto
161.0995 403 lineto
F dostroke
grestore
% ---- Object #386:411 Obj Type: 3
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
170.5994 461.8999 moveto
130.3996 461.8999 lineto
F dostroke
grestore
% ---- Object #387:412 Obj Type: 3
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
156.2995 454.2999 moveto
133 454.2999 lineto
F dostroke
grestore
% ---- Object #388:413 Obj Type: 3
2 setlinecap
0 setlinejoin
[] 0 setdash
gsave
newpath
66.438 394.7519 moveto
66.9383 393.3774 66.9382 392.0221 66.438 390.6476 curveto
63.6189 391.6737 63.6189 391.6737 60.7998 392.6998 curveto
60.7998 392.6998 66.438 394.7519 66.438 394.7519 curveto
closepath
F doline
grestore
gsave
newpath
165.1612 390.6477 moveto
164.6609 392.0222 164.661 393.3775 165.1613 394.752 curveto
167.9803 393.7259 167.9803 393.7259 170.7994 392.6998 curveto
170.7994 392.6998 165.1612 390.6477 165.1612 390.6477 curveto
closepath
F doline
grestore
gsave
newpath
165.0494 392.6998 moveto
66.5498 392.6998 lineto
F dostroke
grestore
% ---- Object #389:409 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
114.875 449.5 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
122.125 446.5 moveto
(r)
show
restore
% ---- Object #390:414 Obj Type: 3
0.125 0.125 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
128.7675 455.1768 moveto
129.2829 455.3644 129.7912 455.3644 130.3066 455.1768 curveto
129.9218 454.1197 129.9218 454.1197 129.537 453.0625 curveto
129.537 453.0625 128.7675 455.1768 128.7675 455.1768 curveto
closepath
F doline
grestore
gsave
newpath
130.3066 461.0481 moveto
129.7911 460.8605 129.2829 460.8605 128.7675 461.0481 curveto
129.1523 462.1053 129.1523 462.1053 129.537 463.1624 curveto
129.537 463.1624 130.3066 461.0481 130.3066 461.0481 curveto
closepath
F doline
grestore
gsave
newpath
129.537 461.1624 moveto
129.537 455.0625 lineto
F dostroke
grestore
% ---- Object #391:416 Obj Type: 9
0.5977 0.5977 setpen
0 setlinecap
0 setlinejoin
35.1999 448.2999 moveto
44.1999 448.7999 lineto
57.1998 461.0999 lineto
160.3994 455.6999 lineto
170.5994 461.6999 lineto
228.7992 451.4999 lineto
F dostroke
% ---- Object #392:415 Obj Type: 10
0 setlinecap
0 setlinejoin
[10 4] 0 setdash
33.7999 403.0369 moveto
33.7999 403.037 33.7999 403.037 33.7999 403.037 curveto
33.7999 434.5565 46.9374 460.4979 62.8998 460.4979 curveto
78.8622 460.4979 91.9997 434.5565 91.9997 403.037 curveto
91.9997 402.7902 91.9989 402.5438 91.9973 402.2978 curveto
F dostroke
% ---- Object #393:405 Obj Type: 10
0 setlinecap
0 setlinejoin
[10 4] 0 setdash
142.9995 403.0369 moveto
142.9995 403.037 142.9995 403.037 142.9995 403.037 curveto
142.9995 434.5565 156.137 460.4979 172.0994 460.4979 curveto
188.0618 460.4979 201.1993 434.5565 201.1993 403.037 curveto
201.1993 402.7902 201.1985 402.5438 201.1969 402.2978 curveto
F dostroke
% ---- Object #394:417 Obj Type: 3
2 setlinecap
0 setlinejoin
[] 0 setdash
gsave
newpath
155.0613 418.2478 moveto
154.561 419.6223 154.5611 420.9775 155.0613 422.352 curveto
157.8804 421.3259 157.8804 421.3259 160.6995 420�¡�À �.2999 curveto
160.6995 420.2999 155.0613 418.2478 155.0613 418.2478 curveto
closepath
F doline
grestore
gsave
newpath
131.2996 420.2999 moveto
154.9495 420.2999 lineto
F dostroke
grestore
% ---- Object #395:407 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
177.4376 422.3519 moveto
177.9379 420.9774 177.9378 419.6222 177.4375 418.2477 curveto
174.6185 419.2738 174.6185 419.2738 171.7994 420.2999 curveto
171.7994 420.2999 177.4376 422.3519 177.4376 422.3519 curveto
closepath
F doline
grestore
gsave
newpath
177.5494 420.2999 moveto
198.7993 420.2999 lineto
F dostroke
grestore
% ---- Object #396:418 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
37.875 483.5 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
45.125 480.5 moveto
(opk)
F F 13.5 0 3 0 0 fittext
restore
% ---- Object #397:419 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
14.375 450.5 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
21.625 447.5 moveto
(o)
show
restore
% ---- Object #398:420 Obj Type: 3
0.5977 0.5977 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
51.7458 465.8267 moveto
52.6055 467.0101 53.7291 467.7679 55.1484 468.1217 curveto
55.8741 465.2108 55.8741 465.2108 56.5998 462.2999 curveto
56.5998 462.2999 51.7458 465.8267 51.7458 465.8267 curveto
closepath
F doline
grestore
gsave
newpath
45.1999 479.1 moveto
53.3712 467.0579 lineto
F dostroke
grestore
% ---- Object #399:421 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
76.375 482.5 moveto
(Diode Off)
F F 40.8105 1 9 0 0 fittext
restore
% ---- Object #400:404 Obj Type: 3
0.5977 0.5977 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
91.1476 465.5381 moveto
92.5221 466.0384 93.8774 466.0383 95.2519 465.5381 curveto
94.2258 462.719 94.2258 462.719 93.1997 459.8999 curveto
93.1997 459.8999 91.1476 465.5381 91.1476 465.5381 curveto
closepath
F doline
grestore
gsave
newpath
93.1997 477.9 moveto
93.1997 465.6499 lineto
F dostroke
grestore
% ---- Object #401:423 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
182.875 480.5 moveto
(Diode On)
F F 39.1553 1 8 0 0 fittext
restore
% ---- Object #402:425 Obj Type: 9
0.5977 0.5977 setpen
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
166.2995 460.1999 moveto
gsave
newpath
163.2213 468.6572 moveto
165.2831 469.4076 167.3159 469.4076 169.3777 468.6571 curveto
167.8386 464.4285 167.8386 464.4285 166.2995 460.1999 curveto
166.2995 460.1999 163.2213 468.6572 163.2213 468.6572 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
166.2995 468.1999 moveto
166.2995 484.8 lineto
178.8994 484.8 lineto
F dostroke
% ---- Object #403:422 Obj Type: 2
0 0 setpen
398.5 95.5 387.5 133 rectpath
F dofill
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
98.625 390.5 moveto
(1/60  sec)
F F 31.99 2 9 0 0 fittext
restore
% ---- Object #404:428 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
486.3618 418.4479 moveto
485.8616 419.8224 485.8616 421.1777 486.3619 422.5522 curveto
489.1809 421.5261 489.1809 421.5261 492 420.5 curveto
492 420.5 486.3618 418.4479 486.3618 418.4479 curveto
closepath
F doline
grestore
gsave
newpath
486.25 420.5 moveto
331 420.5 lineto
F dostroke
grestore
% ---- Object #405:429 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
336.5521 494.3618 moveto
335.1776 493.8616 333.8223 493.8616 332.4478 494.3619 curveto
333.4739 497.1809 333.4739 497.1809 334.5 500 curveto
334.5 500 336.5521 494.3618 336.5521 494.3618 curveto
closepath
F doline
grestore
gsave
newpath
334.5 494.25 moveto
334.5 418.5 lineto
F dostroke
grestore
% ---- Object #406:431 Obj Type: 3
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
441.6667 443 moveto
443.5 469 lineto
F dostroke
grestore
% ---- Object #407:434 Obj Type: 3
2 setlinecap
0 setlinejoin
[] 0 setdash
gsave
newpath
452.8618 409.9479 moveto
452.3616 411.3224 452.3616 412.6777 452.8619 414.0522 curveto
455.6809 413.0261 455.6809 413.0261 458.5 412 curveto
458.5 412 452.8618 409.9479 452.8618 409.9479 curveto
closepath
F doline
grestore
gsave
newpath
410.1382 414.0521 moveto
410.6384 412.6776 410.6384 411.3223 410.1381 409.9478 curveto
407.3191 410.9739 407.3191 410.9739 404.5 412 curveto
404.5 412 410.1382 414.0521 410.1382 414.0521 curveto
closepath
F doline
grestore
gsave
newpath
410.25 412 moveto
452.75 412 lineto
F dostroke
grestore
% ---- Object #408:435 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
379.875 472.75 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
387.125 469.75 moveto
(r)
show
restore
% ---- Object #409:438 Obj Type: 10
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
[10 4] 0 setdash
334.5 421.1143 moveto
334.5 421.1143 334.5 421.1143 334.5 421.1143 curveto
334.5 447.3805 345.448 468.9983 358.75 468.9983 curveto
372.052 468.9983 383 447.3805 383 421.1143 curveto
383 420.9087 382.9993 420.7034 382.998 420.4983 curveto
F dostroke
% ---- Object #410:439 Obj Type: 10
0 setlinecap
0 setlinejoin
[10 4] 0 setdash
431 420.1143 moveto
431 420.1143 431 420.1143 431 420.1143 curveto
431 446.3805 441.948 467.9983 455.25 467.9983 curveto
468.552 467.9983 479.5 446.3805 479.5 420.1143 curveto
479.5 419.9087 479.4993 419.7034 479.498 419.4983 curveto
F dostroke
% ---- Object #411:443 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
316.875 459.5 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
324.125 456.5 moveto
(o)
show
restore
% ---- Object #412:449 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
443.375 435 moveto
gsave
mark /|___Symbol /Symbol F cvRecFont
10 fts /|___Symbol findfont exch scalefont setfont
(D)
show
currentpoint
grestore
moveto
(t)
show
restore
% ---- Object #413:450 Obj Type: 2
416.5 412 405.5 450.5 rectpath
F dofill
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
413.375 408.5 moveto
(1/120  sec)
F F 36.49 2 10 0 0 fittext
restore
% ---- Object #414:427 Obj Type: 10
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
[10 4] 0 setdash
383 421.1143 moveto
383 421.1143 383 421.1143 383 421.1143 curveto
383 447.3805 393.948 468.9983 407.25 468.9983 curveto
420.552 468.9983 431.5 447.3805 431.5 421.1143 curveto
431.5 420.9087 431.4993 420.7034 431.498 420.4983 curveto
F dostroke
% ---- Object #415:430 Obj Type: 3
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
453.6667 443 moveto
453.6667 472.5 lineto
F dostroke
grestore
% ---- Object #416:433 Obj Type: 9
0 setlinecap
0 setlinejoin
[] 0 setdash
334.5 460.5 moveto
343.5 460.5 lineto
356 470 lineto
395 464.5 lineto
406 469.5 lineto
443 463.5 lineto
452.5 469 lineto
491.5 467.5 lineto
F dostroke
% ---- Object #417:432 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
375.25 472.75 moveto
375.25 462.9167 lineto
F dostroke
grestore
% ---- Object #418:437 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
372.75 472.9167 moveto
378.0833 472.9167 lineto
F dostroke
grestore
% ---- Object #419:436 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
372.75 463.25 moveto
378.0833 463.25 lineto
F dostroke
grestore
% ---- Object #420:441 Obj Type: 9
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
398 469.3333 moveto
gsave
newpath
394.9218 477.7906 �¡�À �moveto
396.9836 478.541 399.0165 478.541 401.0782 477.7905 curveto
399.5391 473.562 399.5391 473.562 398 469.3333 curveto
398 469.3333 394.9218 477.7906 394.9218 477.7906 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
398 477.3333 moveto
398 491 lineto
385.3333 491 lineto
F dostroke
% ---- Object #421:440 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
342.875 487.5 moveto
(Diodes On)
F F 43.0444 1 9 0 0 fittext
restore
% ---- Object #422:442 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
445.375 487.5 moveto
(Diodes Off)
F F 44.6997 1 10 0 0 fittext
restore
% ---- Object #423:444 Obj Type: 9
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
429.6667 469.3333 moveto
gsave
newpath
426.5885 477.7906 moveto
428.6503 478.541 430.6832 478.541 432.7449 477.7905 curveto
431.2058 473.562 431.2058 473.562 429.6667 469.3333 curveto
429.6667 469.3333 426.5885 477.7906 426.5885 477.7906 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
429.6667 477.3333 moveto
429.6667 491 lineto
442.3333 491 lineto
F dostroke
% ---- Object #424:445 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
495.375 416 moveto
(t)
show
restore
% ---- Object #425:453 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
426.75 553.75 moveto
426.75 578.75 lineto
F dostroke
grestore
% ---- Object #426:454 Obj Type: 99
% ---- Object #427:455 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
418.75 553.75 moveto
436.25 553.75 lineto
F dostroke
grestore
% ---- Object #428:456 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
418.75 548.25 moveto
436.25 548.25 lineto
F dostroke
grestore
% ---- Object #429:457 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
426.75 522.75 moveto
426.75 548.25 lineto
F dostroke
grestore
% ---- Object #430:458 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
475.25 521.75 moveto
475.25 578.75 lineto
F dostroke
grestore
% ---- Object #431:463 Obj Type: 99
% ---- Object #432:464 Obj Type: 4
0 0 setpen
557.8772 472.25 544.6227 481.5 rectpath
F dofill
% ---- Object #433:465 Obj Type: 9
0.375 0.375 setpen
0 setlinecap
0 setlinejoin
475.75 558 moveto
481.25 557.2093 lineto
471.75 555.247 lineto
481 553.1063 lineto
471.5 551.144 lineto
481 549.1817 lineto
471.5 547.3086 lineto
481.25 545.2571 lineto
475.25 544.5 lineto
475.25 544.5 lineto
F dofillsave
F dostroke
% ---- Object #434:466 Obj Type: 6
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
509 578 moveto
509 576.9029 508.0971 576 507 576 curveto
505.9029 576 505 576.9029 505 578 curveto
505 579.0971 505.9029 580 507 580 curveto
508.0971 580 509 579.0971 509 578 curveto
closepath
F dofillsave
F dostroke
% ---- Object #435:467 Obj Type: 6
0 setlinecap
0 setlinejoin
509 522.5 moveto
509 521.4029 508.0971 520.5 507 520.5 curveto
505.9029 520.5 505 521.4029 505 522.5 curveto
505 523.5971 505.9029 524.5 507 524.5 curveto
508.0971 524.5 509 523.5971 509 522.5 curveto
closepath
F dofillsave
F dostroke
% ---- Object #436:468 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
275.875 578.5 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
283.125 575.5 moveto
(i)
show
restore
% ---- Object #437:469 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
305.875 593 moveto
(+)
show
restore
% ---- Object #438:470 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
302.375 559.5 moveto
(\320)
show
restore
% ---- Object #439:471 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
434.375 537.5 moveto
(C)
show
restore
% ---- Object #440:472 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
502.875 548 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
510.125 545 moveto
(o)
show
restore
% ---- Object #441:473 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
504.875 563 moveto
(+)
show
restore
% ---- Object #442:474 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
504.875 526.5 moveto
(\320)
show
restore
% ---- Object #443:475 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
482.375 534 moveto
(R)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
489.125 531 moveto
(L)
show
restore
% ---- Object #444:358 Obj Type: 99
% ---- Object #445:359 Obj Type: 99
% ---- Object #446:360 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
360.5026 600.9791 moveto
364.2987 596.9082 lineto
F dostroke
grestore
% ---- Object #447:361 Obj Type: 9
0 setlinecap
0 setlinejoin
0 fg
350.9826 595.8346 moveto
357.7353 587.787 lineto
362.4515 598.5099 lineto
350.9826 595.8346 lineto
closepath
F dofillsave
F dostroke
% ---- Object #448:362 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
341.565 579.0176 moveto
373.6529 608.94 lineto
F dostroke
grestore
% ---- Object #449:363 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
402.1718 578.6772 moveto
374.0358 608.8495 lineto
F dostroke
grestore
% ---- Object #450:364 Obj Type: 6
0 setlinecap
0 setlinejoin
342.3403 579.0559 moveto
342.3403 578.4844 341.87 578.014 341.2985 578.014 curveto
340.727 578.014 340.2566 578.4844 340.2566 579.0559 curveto
340.2566 579.6274 340.727 580.0977 341.2985 580.0977 curveto
341.87 580.0977 342.3403 579.6274 342.3403 579.0559 curveto
closepath
F dofillsave
F dostroke
% ---- Object #451:365 Obj Type: 6
0 setlinecap
0 setlinejoin
403.1942 578.4506 moveto
403.1942 577.8791 402.7239 577.4088 402.1524 577.4088 curveto
401.5809 577.4088 401.1105 577.8791 401.1105 578.4506 curveto
401.1105 579.0221 401.5809 579.4925 402.1524 579.4925 curveto
402.7239 579.4925 403.1942 579.0221 403.1942 578.4506 curveto
closepath
F dofillsave
F dostroke
% ---- Object #452:366 Obj Type: 99
% ---- Object #453:367 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
393.8892 591.0767 moveto
389.8184 587.2805 lineto
F dostroke
grestore
% ---- Object #454:368 Obj Type: 9
0 setlinecap
0 setlinejoin
389.0188 600.7591 moveto
380.9712 594.0064 lineto
391.6941 589.2901 lineto
389.0188 600.7591 lineto
closepath
F dofillsave
F dostroke
% ---- Object #455:369 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
370.0174 548.506 moveto
402.1054 578.4285 lineto
F dostroke
grestore
% ---- Object #456:370 Obj Type: 6
0 setlinecap
0 setlinejoin
375.2129 608.2598 moveto
375.2129 607.6883 374.7425 607.2179 374.171 607.2179 curveto
373.5995 607.2179 373.1292 607.6883 373.1292 608.2598 curveto
373.1292 608.8313 373.5995 609.3016 374.171 609.3016 curveto
374.7425 609.3016 375.2129 608.8313 375.2129 608.2598 curveto
closepath
F dofillsave
F dostroke
% ---- Object #457:371 Obj Type: 99
% ---- Object #458:372 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
388.9551 570.4675 moveto
392.7513 566.3967 lineto
F dostroke
grestore
% ---- Object #459:373 Obj Type: 9
0 setlinecap
0 setlinejoin
379.4351 565.3231 moveto
386.1878 557.2755 lineto
390.904 567.9984 lineto
379.4351 565.3231 lineto
closepath
F dofillsave
F dostroke
% ---- Object #460:374 Obj Type: 99
% ---- Object #461:375 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
369.5917 548.2957 moveto
341.4556 578.468 lineto
F dostroke
gres�¡�À �tore
% ---- Object #462:376 Obj Type: 99
% ---- Object #463:377 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
361.3091 560.6952 moveto
357.2382 556.8991 lineto
F dostroke
grestore
% ---- Object #464:378 Obj Type: 9
0 setlinecap
0 setlinejoin
356.4386 570.3776 moveto
348.391 563.6249 lineto
359.1139 558.9086 lineto
356.4386 570.3776 lineto
closepath
F dofillsave
F dostroke
% ---- Object #465:426 Obj Type: 6
0 setlinecap
0 setlinejoin
370.4539 548.3894 moveto
370.4539 547.8179 369.9835 547.3475 369.412 547.3475 curveto
368.8405 547.3475 368.3701 547.8179 368.3701 548.3894 curveto
368.3701 548.9609 368.8405 549.4312 369.412 549.4312 curveto
369.9835 549.4312 370.4539 548.9609 370.4539 548.3894 curveto
closepath
F dofillsave
F dostroke
% ---- Object #466:446 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
403.25 578.75 moveto
504.25 578.75 lineto
F dostroke
grestore
% ---- Object #467:452 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
503.75 522.25 moveto
340.25 522.25 lineto
F dostroke
grestore
% ---- Object #468:476 Obj Type: 3
0.375 0.375 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
340.1875 522.3125 moveto
340.1875 578.8125 lineto
F dostroke
grestore
% ---- Object #469:459 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
369.25 548.75 moveto
298.25 548.75 lineto
F dostroke
grestore
% ---- Object #470:477 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
298.25 609.25 moveto
373.75 609.25 lineto
F dostroke
grestore
% ---- Object #471:478 Obj Type: 3
0.375 0.375 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
297.6875 549.3125 moveto
297.6875 609.3125 lineto
F dostroke
grestore
% ---- Object #472:460 Obj Type: 99
% ---- Object #473:461 Obj Type: 6
0.125 0.125 setpen
0 setlinecap
0 setlinejoin
1 fg
309 580 moveto
309 574.2403 304.2597 569.5 298.5 569.5 curveto
292.7404 569.5 288 574.2403 288 580 curveto
288 585.7596 292.7404 590.5 298.5 590.5 curveto
304.2597 590.5 309 585.7596 309 580 curveto
closepath
F dofillsave
F dostroke
% ---- Object #474:462 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
18 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
293.875 575.5 moveto
(~)
show
restore
% ---- Object #475:424 Obj Type: 2
436 161.5 424 170.5 rectpath
F dofill
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
161.875 427 moveto
gsave
mark /|___Symbol /Symbol F cvRecFont
10 fts /|___Symbol findfont exch scalefont setfont
(D)
show
currentpoint
grestore
moveto
(t)
show
restore
% ---- Object #476:447 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
60.25 457.25 moveto
60.25 465.75 lineto
F dostroke
grestore
% ---- Object #477:448 Obj Type: 99
% ---- Object #478:451 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
458.375 348 moveto
(\()
show
restore
% ---- Object #479:479 Obj Type: 2
save
0 setgray
mark /|___Times-Italic /Times-Italic T cvRecFont
12 fts /|___Times-Italic findfont exch scalefont setfont
0 setgray
463.375 348 moveto
(V)
show
restore
% ---- Object #480:480 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
12 fts /|___Symbol findfont exch scalefont setfont
save /MySave edf
360 463.375 342 493.4609 rectpath
doeoclip newpath
120 72 30.0859 18 463.375 342 false imk
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MySave restore
restore
% ---- Object #481:481 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
483.375 348 moveto
(0)
show
restore
% ---- Object #482:482 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
489.375 348 moveto
(.)
show
restore
% ---- Object #483:483 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
492.375 348 moveto
(7)
show
restore
% ---- Object #484:484 Obj Type: 2
save
0 setgray
mark /|___Times-Italic /Times-Italic T cvRecFont
12 fts /|___Times-Italic findfont exch scalefont setfont
0 setgray
499.375 348 moveto
(V)
show
restore
% ---- Object #485:485 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
507.375 348 moveto
(\))
show
restore
% ---- Object #486:486 Obj Type: 2
save
0 setgray
mark /|___Times-Italic /Times-Italic T cvRecFont
7 fts /|___Times-Italic findfont exch scalefont setfont
0 setgray
468.875 345 moveto
(D)
show
restore
% ---- Object #487:211 Obj Type: 99
% ---- Object #488:492 Obj Type: 2
save
0 setgray
mark /|___Times-Italic /Times-Italic T cvRecFont
12 fts /|___Times-Italic findfont exch scalefont setfont
0 setgray
385.875 279.5 moveto
(f)
show
restore
% ---- Object #489:493 Obj Type: 2
save
0 setgray
mark /|___Times-Italic /Times-Italic T cvRecFont
12 fts /|___Times-Italic findfont exch scalefont setfont
0 setgray
401.375 279 moveto
(C)
show
restore
% ---- Object #490:494 Obj Type: 99
% ---- Object #491:495 Obj Type: 2
save
0 setgray
mark /|___Times-Italic /Times-Italic T cvRecFont
12 fts /|___Times-Italic findfont exch scalefont setfont
0 setgray
390.875 279 moveto
(R)
show
restore
% ---- Object #492:512 Obj Type: 2
save
0 setgray
mark /|___Times-Italic /Times-Italic T cvRecFont
7 fts /|___Times-Italic findfont exch scalefont setfont
0 setgray
397.875 276 moveto
(L)
show
restore
% ---- Object #493:356 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
7.75 203.25 moveto
246.75 203.25 lineto
F dostroke
grestore
% ---- Object #494:517 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Bold /Times-Bold T cvRecFont
14 fts /|___Times-Bold findfont exch scalefont setfont
0 setgray
197.375 689 moveto
(Diodes & Bridge Rectifiers)
F F 160.5386 3 26 0 0 fittext
restore
% ---- Object #495:516 Obj Type: 3
0.5 0.5 set�¡�À�ùpen
2 setlinecap
0 setlinejoin
gsave
newpath
275.75 203.25 moveto
514.75 203.25 lineto
F dostroke
grestore
% ---- Object #496:518 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
314.375 441 moveto
(\(V)
F F 10.5469 0 2 0 0 fittext
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
324.875 438 moveto
(i)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
327.375 441 moveto
(\))
show
restore
% ---- Object #497:519 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
12.375 435.5 moveto
(\(V)
F F 10.5469 0 2 0 0 fittext
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
22.875 432.5 moveto
(i)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
25.375 435.5 moveto
(\))
show
restore
origmtx setmatrix
systemdict /setpacking known {origpack setpacking} if end
showpage
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Experiment No. 3.

Diodes and Bridge Rectifiers

Goal:
To learn about diodes and to use a diode bridge to build a 14V full-wave rectifying DC power supply.


Read this experiment and answer the pre-lab questions.

Equipment:
•
Agilent E3631A Triple output DC power supply

· Agilent 33120A Function Generator

· Agilent 34401A Multimeter

· Agilent 54645A Oscilloscope

1.0
Diode Test Circuit:

1.
Set the Agilent E3631A power supply to give a maximum current of 0.6A for the +6V supply. This is important so as not to burn the diode while testing it.

2.
Connect the MUR 105 silicon rectifier diode as follows:
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3.

Measure the diode current for V = 0.3, 0.4, 0.5, 0.7, 0.8, 0.9, 1.0, 1.2 and 1.3 up to a diode current of 0.5A.


Determine the diode voltage for Id = 1mA, 10 mA and 100 mA.

2.0
Full-wave Bridge Rectifier with a Single Output:

1.

Measure RL and the 0.5 Ω resistor accurately using the multimeter.



Measure C using the capacitance meter in the lab.

2.
Connect the full-wave bridge rectifier as shown below and make sure that the diode polarity and the capacitor polarity are correct. There is a small (0.5 Ω) resistor in series with the 220 µF capacitor. This resistor is needed so as to measure the current in the 220 µF capacitor (IC = VC/R).

TURN OFF THE POWER SUPPLY AND THE MULTIMETER. DISCONNECT ALL CABLES FROM THESE UNITS AND RETURN THE CABLES TO THEIR ORIGINAL PLACE. THIS IS VERY IMPORTANT SO AS NOT TO HAVE GROUND LOOPS AND BURN THE FUSE! YOU WILL NOT USE THESE UNITS AGAIN.

ALSO, ALWAYS OPERATE WITH A SINGLE COAX TO BANANA-PLUG OSCILLOSCOPE CABLE!

[image: image8.wmf]

After you have checked the circuit, connect the transformer to the 120 V AC wall outlet. If there is a short-circuit, the fuse will blow and Vi = 0!


a.

Draw the circuit in your lab notebook.


b.

Measure Vippk and Virms using the scope. At this time, connect the oscilloscope ground to point D. It should be 10-11 Vrms.


c.

Measure the spectrum of Vi in dB (fo ,3fo and 5fo). You will notice that the waveform is not perfectly sinusoidal due to the cheapie wall tranformer. The magnetic case is saturating at high voltages and distorting the transformer output signal (Vi)!

BE CAREFUL WHEN YOU ARE DOING VOLTAGE MEASUREMENTS ACROSS THE DIODE BRIDGE ACROSS RL, ETC. MAKE SURE THAT THE SCOPE GROUND IS NOW CONNECTED TO NODE B!

3.

Remove the capacitor and measure Vo. Make sure that you have a full-wave rectified voltage. (Do not worry if you see a distorted sinewave.) Measure Vopk and determine the diode voltage drop (per diode).

4.
a.

Connect the capacitor to the circuit and measure Vopk, Vo(av) and VR (the ripple voltage) and compare with your pre-lab calculations. Plot Vo.



Measure the frequency of the output voltage ripple.



From the output voltage waveform, measure the charging and discharging time of the capacitor.



From the output voltage waveform, measure the slope (∆V/∆T) of the discharge portion at the center of the linear portion. As discussed in class, this results in the discharge capacitor current (I = C ∆V/∆T) which is equal to the load current.


b.

Measure Vo in the frequency domain and write the fundamental harmonics in dB (120, 240, 360 and 480 Hz).

5.
On the scope, measure the voltage (V1) across the 0.5 Ω resistor. This measurement results in the charging and discharging capacitor current (I = V1/R , R = 0.5 Ω). Again, the discharge capacitor current is equal to the load current.



Draw accurately the current waveform (I = V1/R) on your lab notebook and label the peak positive (charging) current and its duration, the average negative (discharge) current and its duration (the average discharge current is found at the center of the linear portion of V1). Label the charging and discharging periods of the capacitor.

3.0
Half-Wave Power Supply With a Single Output:

Assume that one of the diodes blew up and became an open circuit (D2 for example). the circuit becomes a half-wave rectifier.


Take D2 out of the circuit now. Draw the circuit in your lab notebook.


Repeat parts 3, 4 and 5 of section #2.

Experiment No. 3.

Diodes and Bridge Rectifiers

Pre-Lab Assignment

1.
For the full-wave bridge rectifier with C = 220 µF, RL = 470 Ω and Vi = 10 Vrms:


a.
Calculate the ripple frequency, Vpk, VR, IL, ID(av) and ID(pk).


b.
Calculate the time in msec (per period) that the diode(s) is turned on.


c.
Plot the current in the 220 µF capacitor for one period.

2.
Repeat (1) but for a full-wave bridge rectifier when one of the diodes is blown. This is equivalent to a half-wave rectifer but with two diodes in series. Therefore, in this special case, you should take into account the voltage drop of two diodes and Vopk = Vipk - 2 VD in the half-wave rectifier equations.

3.
Regulators are essential for low output ripple voltages and this problem will show why! For the full-wave rectifier with RL = 470 Ω,


a.
Choose C to result in VR = 100 mV and VR = 10 mV.


b.
Calculate ID(av) and ID(pk) in each case.


c.
Calculate the time in msec or µsec (per period) that the diode(s) is turned on.



You will find that in order to get a low ripple voltage from a bridge rectifier, the time each diode is “on” is very short and the peak diode current is extremely large! This is why most bridge rectifiers have a ripple voltage around +10% and are followed by linear regulators.

4.
Calculate the efficiencies of the multiple output linear regulators of Fig. 3a and 3b if each output is delivering the same current I (the answer is independent of I).

5.
Assume that the Agilent E3631A power supply with a variable output from 0–25 V does not have a controlled-tap transformer, and V= 26 V (fixed) after the bridge rectifier/low-pass filter.


a.
Calculate the efficiencies of the linear regulator when the output voltage is set at 2 V, then at 25 V, and delivers 1 A to a load in both cases.


b.
What is the power consumed by the linear regulator in each case?


c.
Repeat a and b above with a controlled tap transformer (take a 1 V drop across the regulator).

Experiment No. 3

Diodes and Bridge Rectifiers

Lab Report
1.
Report all your measured values in the full-wave bridge rectifier C = 220 µF, RL = 470 Ω (voltages and capacitor current times, input voltage, component values, etc.) and compare with calculations done using your measured Virms (or Vippk), and assuming an ideal diode model (VD = 0.7 V). Put the measured data and calculations in table form. Comment on the discrepancies, especially for the peak current in the capacitor.

2.
Report all your measured values in the half-wave bridge rectifier C = 220 µF, RL = 470 Ω (voltages and capacitor current). Put the measured data and calculations in table form. Compare with calculations and comment on the discrepancies.

3.
The load current can be obtained in three separate methods:


– Using Vo (av)/RL = IL(av)

– Using the slope of the discharge portion of Vo (I = C ∆V/∆T).


– Using V1/R in the middle of discharge period of the capacitor.

Using your measurements and the exact values of RL, C and the 0.5 Ω resistor, determine IL(av) using the above methods and comment on any discrepancies. You will find that the “slope” method is the least accurate. Why?

4.
A high performance regulated power supply for audio systems with the following outputs is needed:


Power Supply #1:


+5 V (Imax = 500 mA):
Microprocessor Circuitry


+12 V (Imax = 1 A):
Analog Small-Signal Audio Circuitry


Power Supply #2:


+24 V (Imax = 6 A): 
Output Audio Power Amplifier to drive the speakers


a.
First of all, ideally how much audio power can this system give into an 8 Ω speaker without clipping? The #2 supply can deliver a ± 24 V max. and ± 6A current max. Therefore, the output of the power amplifier can go to ± 24 V (assume no voltage drop in the output amplifier).


b.
Design the power supplies (#1 and #2) for high efficiency. You can use a multiple-tap transformer and several rectifiers/regulators. Choose appropriate capacitors for each supply. The unregulated output of each rectifier should have a ±15% (or 30% total) ripple voltage at peak current load.


c.
Assume that the voltage drop is 0.5 V across the 5 V linear regulator and 1 V across each of the 12 V and 24 V linear regulators. Calculate the overall regulator efficiency.
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