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BBenenue

B cBs13u ¢ yCKOPSIONUMCS HayYHO-TEXHUYECKUM MPOTPECCOM Bce Ooiee
BOCTPEeOOBAaHHBIM CTAHOBUTCS TEPEBOJ TEXHWUYECKOW JIMTEPATyphl, TAKOH Kak
COTIPOBOJUTENIbHAS TEXHWYECKAs JOKYMCHTAIMs, WHCTPYKIIMH, CTAThH IS
MEXIYHAPOIHBIX HAYYHBIX JKYPHAIOB, JOKIIAIbI M MPE3CHTAIIMN BHICTYIICHUH.
[ToaTOMy MOXHO YBEPEHHO YTBEPXkAaTh, YTO YMEHHE TIEPEBOIUTh TEXHUUCCKUC
TEKCTHI SABJISACTCS HEOOXOMMBIM JIJIS1 OYyIIEro CICIHAINCTA.

Hame npakTudeckoe pPYKOBOJCTBO MpEAHA3HAYEHO I CTYACHTOB H
aCIIUPAHTOB, KOTOPBIC IPOBOMAT HCCIEIOBATEIbCKYI0 paboTy B o0yacTu
(GU3MKU U DJICKTPOTEXHHWKH, B KA4yeCTBE MOCOOUS IS YTCHUS CICIHAIbHON
HAyYHOU JINTepaTyphl HA AaHTJTUHCKOM SI3BIKE.

[lepeBo HAYYHO-TEXHUYCCKOTO TEKCTA C AaHTITUHCKOTO SI3bIKa HA PYyCCKUH
— 3aJ1a4a MOBBIIICHHOTO YPOBHS CJIOXKHOCTH. CYIIECTBYET MHOXKECTBO HIOAHCOB,
KacaroIIUXCs TOHMAHHS CTPYKTYPhI NMPEIIOKCHHUS B aHTJIOS3BIYHBIX HAaYYHO-
TEXHHYECKUX TEKCTaX BOOOIIE U TMepeBoJa TEPMUHOB M COKpAIICHUN
KOHKPETHOTO HaIlpaBJICHUS MCCIICIOBAaHUN B YaCTHOCTH. TeM Oojiee Hemb3s
MOJIHOCTBIO TIOJIaraThCsl HAa MPOTrpaMMBbI-TIepeBOAUMKH. Kak mpaBuiio, OHH HE
YUUTBHIBAIOT  CHCIU(PUYCCKYI0O TEPMHUHOJOTHIO TEXHMYECKOTO0 KOHTEKCTA.
TpeOyeTcst HEe TOJNBKO 3HATH S3BIK, HO M Pa30MpPAThCS B BOIPOCAX TEMATHKH
uccienoBanus. [103ToMy CTyAeHTaM M aclupaHTaM, MPUIACTCS OpaThCcs 3a JEI0
CaMOCTOSITeJIbHO, 4YTOObI ~ M30eXkaTh TpyOBIX OMMOOK W  JOCAJHBIX
norpentHocTedl. Beap HUKTO Jydilie aBTOpa He 3HAET CcreuduKy cBoei paboThI.

B 1aHHOM mpakTHYeCKOM PYKOBOJACTBE PAaCCMATPUBAIOTCS HEKOTOPHIC
BOIIPOCHl TEXHUUYECKOTO TepeBOJia, TaKUX KAaK YYUTHIBAHUE MHOTO3HAYHOCTHU
TEPMHUHOB U TPUEMOB CJIOBOOOpA30BaHUs, a TaKkKe YMEHHE OINpPEeIeInuTh
rpaMMaTHYeCKyl0  OCHOBY  TIPOCJIOKEHUS W paclio3HaTh  HauOoiee
yIOTpeOUTENIbHBIC CeMaHTUYeCKHue CTPYKTYphl. (OCHOBHAs 4acTh OTBOIUTCS
HYYHBIM  MaTepuajiaM 1o (HU3MKE U  DJICKTPUYECTBY, HAIMCAHHBIM
MHOTOUYHCJICHHBIMH HCCJIEAOBATEIIMU 32 PyOe)oM. B mpuBeneHHBIX TeKCTaxX
cTraTeil BCTpedaroTcs Tpaduku, awarpaMMbl M TaOJHIBI, HCIOJB3YIOTCS
bu3uYecKue U AICKTPUUCCKUE TEPMHHBI, YNCIUTEIbHBIC, YPABHCHUS, a TaKKe
pacrpocTpaHeHHbIE 3HAKH, YCJIOBHbIE O0003HAYCHUS W TEPMHHOJOTHYCCKHE
COKpAIlleHUsI, IIPUHATBIE B UHOCTPAHHOM TEXHUYECKOMN JuTeparype. B cBA3u ¢
9TUM MPUBOJATCS TIPaBUiIa U TAOJHIBI UX YTCHUS U MPOU3HOIICHHUS.

Br16op comepkaHus cTaTed M WX HMCTOYHHKOB OOYCIIOBJICH KEITaHUEM
MPEI0CTaBUTh HanboJIiee COBPEMEHHBIE MEKTYHAPOIHBIC HCCIICIOBAHMS, YTPOBI
3aMHTEPECOBATh 00YYaEMBbIX U PACIIUPUTh UX KPYTro30p, a TakKe MPUOIH3UTH K
KYJbTYPE CaMOCTOSITSIILHOTO HAIMMCAHUS ITOJJOOHBIX HAYIHBIX Pa0OT.

Co3manue pyKoBOJICTBA TaKOT'O pOJa SIBISCTCS MEPBBIM OIMBITOM, TaK Kak
IJIAaHUPYETCS OOHOBJICHHWE CTaTeH, YTOOBI MOJJEpKaTh MHTEPEC K IOCTOSHHO
BO3PACTAIONIEMY YPOBHIO COBPEMEHHOM HAYKH.



ABTOp OyAeT OGnarojapeH ydTaTessiM 3a BCE 3aMEUaHUS U TMOXKEJIaHUs U
IIPOCUT HANPaBJIATh UX IO anpecy: r. Cesepck, np. KoMmMmyHuctuueckui, 11 65,
kadenpa nHoctpanHbix s36ik0B CTU HUAY MUDUN.



1 OcobennocTH NepeBoOIa HAYYHO-TEXHUYECKOI0 TEKCTA

I rpamMOTHOrO IepeBoja TEXHUYECKOW CTAaTbU HA AHIVIMMCKHAM S3BIK
HE0O0X0IUMO OOpaTUTh BHHUAHUE HA OCOOEHHOCTH €ro MEepeBO/a, KOTOPHIC
COCTOST COCTOST B CIEIYIOLIEM:

1) TEKCT COAEPKHUT OOJBIIOE KOJWYESCTBO_CICIUATBHBIX TEPMHUHOB.
MHorue TeXHuueckue TepMUHBI 00pa3yroTCs U3 IMIMPOKO yIOTPEOIsIEMbIX CIIOB,
HO MPUOOPETAIOT COBEPIIEHHO JAPYroil cMbIci. bosee Toro, B pa3HbIX OTpacisix
HAYKH U TEXHUKU OJHO M TOXKE CJIOBO MOXET HMMETh PA3HOE 3HAYCHUE W
MEepEeBOAUTHCS TO-pa3HoMy. CoueTaHue CJIIOB 4YacTO MEHSET HMX HCXOIHOE
3HAYCHUC;

2) akTUBHOE pPAa3BUTHC HAyKH TMPUBOJAUT K TOMY, UYTO IOCTOSSHHO
MOSIBIISIFOTCS. HOBbIe TepMUHBI. OHU OTCYTCTBYIOT B CJIOBapsX W 0Opa3yroT
CBOEOOPA3HBIN CJICHT, MOHITHBIN TOJBKO JJIs CIICIIUATUCTOB,;

3) cokpaiiieHuss 1 ab0pPeBUATYPBI MOTYT BBINJISIIETh MMO-APYTOMY WM
OTCYTCTBOBAaTh B HHOCTPAHHOM SI3BIKE;

4) 00IIEeNPUHSATEIE TEPMMHBI HEJIb3S 3aMCHSTh CUHOHHMMAaMH.
DOopMyJIMPOBKH HE JOIMYCKAKOT BOJBHOIO TPAKTOBAHUS. B TEXHMUECKOM TEKCTE
HE JIOJDKHO OBITh Pa3HOYTCHUH WIIM JIBOMHBIX CMBICIIOB.

BaxxHelmui mpu3HAK HAYYHOT'O MCCIIECIOBAaHUS — BOCHPOU3BOJUMOCTD.
CMBICII CTaTbU JOJDKEH OBITh SICHBIM M OJTHO3HAYHBIM, YTOOBI Y4€HBIC OO0
Ipyrol  nmabopaTopud MOIVIM  IOBTOPUTH  OKCIEPUMEHT U  TOJYYHUTh
HEPOTUBOPEUYUBBIE PE3YJIHTATHI.

2 TexHuyecKkHe TEPMUHBI B AaHTJIMICKOM sI3bIKe

OcHoBHast 0COOEHHOCTh HAYYHO-TEXHHUUYECKUX TEKCTOB — HACHIIICHHOCTh
TepMUHAMU. MHOTHE€ M3 HUX MCIOJB3YIOTCA TOJBKO B ONPEACICHHOW Y3KOU
00JIaCTH WJIM MEHSIOT CMBICT B APYTOW OTPACIy HAYKH M TEXHUKH.

Yamie Bcero MCHoNb3yIOTCS TEPMUHBI JTATUHCKOTO NpoucxoxaeHus. [Ipu
TOM CJIOBa, 3aWMCTBOBAHHBIC W3 JIATHIHU 0€3 W3MEHEHHM, TMOJYUHSIOTCS
paBUjIaM UCXOJHOTO SI3bIKA!

e.g. analysis — ananu3, analyzes — ananmzsl.

Pa3znuuaroT TpU OCHOBHBIE KATETOPUU TEXHUYECKHMX TEPMUHOB B
AHTJIMHACKOM SI3BIKE:

- TIPOCTBIE — COCTOSIIIME U3 OJHOTO CJIOBA:

e.g. oxygen — xwuciopon, resistance — comnpotuBiienue, Velocity — ckopocTs,
yacToTa, SWItCh — BEIKITFOUATEIb;

- CIJIOHBIE — COCTOSIIME U3 ABYX WUJIU HECKOJIBKUX CJIOB:
e.g. crossmembers — momepeunnsr, lifeline -  xu3HEHHO-Ba)KHBIC
KOMMYHHKAIINH.

[Ipu 3TOM MOXKET NPOUCXOAUTDH PEAYKIUS OJHOTO UIIA BCEX CIIOB:

e.g. escalator = escalating + elevator (3ckaiatop = pocT + OHEMHHK).

HekoTopsble cioHbIe TEPMUHBI TUITYTCS Yyepe3 educ:
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e.g. half-way — ma mon-o6opora (aa 180°), doubling-overtest — ucneitanue na
cruo.

JIutepHbie TEPMHUHBI 00PA3YIOTCS C UCIOIB30BaHUEM OYKBBI:

e.g. V-typeengine — V-o0pa3Hblii 1BUTAaTEIh, X-rayS — pEHTTCHOBCKHUE JIYYH.

CnoBocoueTaHus:

e.g. in full blast — momnoii tsaro#, chamber combustion — kamepa cropanus,
wing-box — kpeuto ¢ TomaMBHBIM OakoM (KeccoH), automatic switch —
ABTOMATHYECKHIA BBIKJIIOYATEIIb, high-speed circuit  breaker -
OBICTPOACHCTBYIOIIHI BBIKIIOYATEb.

XOopol110 3HaKOMBIE U PACIIPOCTPAHEHHBIE CJIOBA B TEXHUYECKOM TEKCTE

MOTYT TIpHOOpETaTh JPYrod CMBICA H CTAaHOBHTHCS TEPMHUHAMHU  HJIU
npodeccroHaIbHBIM CJICHTOM:
e.g. man of war — mopckoii kopabmnb, No play to admitted — , modt He
JomyckaeTcs, Sh0e — KoJjiojIka B TOPMO3HOM CHCTEMe, JIblXKa TOKOIPHUEMHHKA B
9JIEKTPOIIOE3/Ie, 3BEHO T'yceHHMIbl, dead — 00ecToueHHBIH B 3JCKTPOMEXaHHKE,
TUIYXOW WJIM HECKBO3HOM B MAIIMHOCTPOSHUU U CTPOUTEITLCTBE.

BcetpeuaroTes crenyrolnme BapuaHThI MEPEBOAa TEXHHUUYECKUX TEPMHUHOB
HA aHTJIMACKUU:

- HEKOTOpPbIC TEPMUHBI NIEPEBOJATCS MyTEM TPAHCIUTEPAILINH, TaK KaK
OBLIM 3aMMCTBOBAHBI M3 AHTJIMHCKOTO WM JAPYTHX POMAHO-TEPMAHCKHUX SI3BIKOB:
€.g. generator — reseparop;

- 4acTh TEPMUHOB UMEET MPSAMbIE COOTBETCTBHUS B AaHTJIUHCKOM SI3bIKE:
e.g. voltage — HanpsiokeHue;

- TePMHUHBI, KOTOpbIE KAJIBKUPYIOTCS, TO €CTh MEpPEeJaloTCs CIOBaMHU,
JIOCJIOBHO BOCIPOHM3BOISAIIMMU HMCXOJHOE BBIpaXkeHHe: €.g program code —
IpOrpaMMHBIN KO,

- HMHOT/IAa B PYCCKOM S3BIKE HCIIOJIB3YETCS OIMUCATENbHBIA TMEPEBOJ
AHTJIOSI3BIYHOTO TEPMHUHA, 9TO HAI0 YYHTHIBATH MPU OOPATHOM MEPEBOJE Ha
aHTJIUICKHUiL: €.¢. Video-gain — peryaupoBKa SPKOCTH OTMETOK OT OTPa’KEHHBIX
curuajioB, WOrkhorse — pabouunii MEXaHU3M, a TaK)Ke CPEICTBO, BHIIOJIHSIIOIICE
OOJIBIITYIO YacTh Pa0OTHI MK HauboJiee HaJE)KHOE B SKCILUTyaTaIl|H.

MHOr03HaYHOCTh TEPMHUHOB — OT/AeNbHas mnpobsiema. Ilpu mepeBone ¢
PYCCKOTO Ha aHTJIUHCKUAN OHA CBOJUTCS K TOMY, UYTO MEPEBOTYHK JOJKEH 3HATH,
KaKMM CJIOBOM 00O3HAYaeTCsl TOT WJIM MHOW TEPMHUH B aHTJIMICKOM: e.g. seal —
W30JISIHS, TIEpeMbIuKa, OOTIOpaToOp, BIal, TEPMETHK, 3aBapuBaHue; SPring —
BECHa, TOPSYMU HMCTOYHUK, peccopa, NpyxuHa, face — mmio, MOBEepXHOCTH,
rpasb, dacaj, o0JIHUIIOBKa, 3a00M, J1aBa.

Baxxnass 0cOO€HHOCTh aHTJIMHACKOTO S3bIKA — YIOTPEOJICHUE OTHUX U TEX
’KE CJIOB B POJIM CYIIECTBUTEIBHBIX WIH TJIaroJIoB. PaccMOTpeHHOE BBIIIE CIIOBO
‘face” mmeet oOmieynoTpeOUTEIFHOE 3HAUCHUE “‘CTOSATH HAIIPOTHB YEro-TM00”,
B METATI000paboTKe 03HaYaeT “nutndoBaTh”’, B CTPOUTEIBCTBE — “OTAEIBIBATH,
OOJUIIOBBIBATH, TOKPHIBATH .

B Takmx crmy4asx MOMHHATE O TIOPSJIKE CJIOB M TpamMMaTHKe: He
MPOITYCKAWTe OKOHYAHUS TJIArOJIOB TPETHETrO JIUIA;, MCIOJB3YHTE CITy)KeOHBIE
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CJloBa, C€CiIH DJTO HCO6XOI[I/IMO; npeajorn  ajsd CBA3M  CKa3yeMoro ¢
JOITIOJTHCHUCM.

3 Ilpuemsbl ¢J10BO0OpA30BaAHNS B AHIJIMHCKOM SI3bIKE

IIpy nepeBoie HayYHO-TEXHUYECKUX TEKCTOB HA AHIJIMKWCKUM BaXKHO
MOHMMAaTh OCHOBHBIC TMPHUHIUIBI  CJI0BOOOpa3oBaHUs. J[OBOJIBHO 4acTo
oOpa3oBaHHE€ TEPMHHOB B  aHIVIMMCKOM  SI3bIKC  IPOMCXOIUT  IyTEeM
MIPUCOEANHEHUS MPUCTABOK U CY(HPUKCOB.

Hanpumep, Oepem KopeHb USe — 1oJib3a;
npubaBjieHHe OTpHIATeIbHOrO cyhdukca — |€SS mpuBOAUT K 00pa30BaHHUIO
npuiIaratenbHoOro — Useless — 6ecrone3Hbii;
cyh(PHKC CYIIECTBUTEIBLHOIO — NESS IMO3BOJISIET MOJYYUTh CYIICCTBUTEIBLHOE
uselessness — Gecroe3HOCTh, HEHYKHOCTb.

B  Hay4YHO-TEXHHYECKMX TEPMHHAX aHTJIMHCKOTO  s3bIKa  YacTo
UCTIOJIb3YIOTCS TIPUCTABKH:

- bi- wiu di- B 3Hauenun “mBa”: bivalent — aByxsanenrtHsiii, dipole —
JTUIIOJTb;

- dis- B 3HaueHWH  “pacCTpOMCTBO, HapyIIEHHE, pa3JecHHE,
orpunianue”: disable — 3amnperars, Ae1aTh HENPUTOAHBIM;

- re- B 3HauCHHMHM MOBTOpeHUs: reusable — muoropasossrii, to reinstall —
NIepeyCTaHaBINBATh;

- OVer- B 3HaYCHHH “HAJI, CBepX, CBhIIIC”: Overheat — meperpes;

- de- B 3HaUueHHMHU OTXO0/1a, YCTpaHEHHs, 0OpaTHBIX mporeccos: debugging
— OTJIaJIKa, JJOBOJKA amapaTyphl;

- eNn- B 3HAYEHWU “BBOJUTH B ONPEICICHHOE COCTOSHHE, OKpYKarThb,
HazmenaTh 4eM-To”. t0 enlarge — yBenuuuBaTh, YKPYIHATh, PaCIIUPSATH,
pacmpoCTpaHsIThCS;

- inter- B 3HaueHHWH “MEXKIYy, CpPEAM UYEro-To, B3aumojeicTBue”. 10
interlock — cmemasaThcs, CcMBIKaThCS, OJOKMpOBaTh, INterconnection —
B3aWMOCBSI3b;

- under- B 3nayennu “nox”’ wiam “Hemo’: to underline — mogyepkuBanue,
MOSICHEHUE TI0]T YePTEIKOM, OOBSICHUTEIIbHASI HAJITUCH;

- uUn- — oTpuIarenbHas TPUCTaBKa, MEHSOMAs 3HAYCHHEC Ha
MIPOTUBOIIOJIOXKHOE: UNdUE — HEMOAXOIAIIUI, HECBOCBPEMCHHBIN;

- IM- B 3HaueHuu “He” uau “6e3”: immobile — HemoABUKHBIH;

- after- B 3navenun “mocie”: afterburner — popcax, popcaknas kamepa
u JIp.

Cydpdukchl B aHTIHMHCKUX TEXHHUYSCKUX TEPMHUHAX YacTO 3aKpPEIUISIOT
OIpeICTICHHBIC TPYIIITHI IIOHSATHI:

- cyddukch -ine, -in, -yne, -ium u ap. HauboJIee YacTO BCTPEUAIOTCS B
XHAMHAYECKUX Ha3BaHUAX — amine, -florine (-amun, -pnopun);

- cyddukce -er, -or oOpa3yrT cioBa, oOo3HaJaromuye pabOTHHUKA,
crienmamucTa — operator (paGouwmii, paguct, MexXaHUWK, Teiedonwucr), driver
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(BomuTenb, Bemyllee Koyieco). DT k€ Cy(DPUKCHl TalOT Ha3BaHUS HOBBIX
MAIIIMH, MEXaHU3MOB, IPUOOPOB — SeNsSOr (maruwk), trailer (mpuiern);

- OTBJICYCHHBIC TMOHATHS, KaK MPaBUIO, OOpa3ylOTCS MPU MOMOIIU

cyphuxcos:

-ing: splicing — cpamuBanue;

-(t)ion: depression — cHuxeHHe, yriayOJeHHe, paspexeHue; tension —
pacTsKeHHe, 1aBJIEHUE, YIIPYroCTh;

-ty: veriety — pa3noo0Opasue, MHOKECTBO, PsJ;

-ness: weakness — ci1abocTb, c1aboe MecTo, HeyOe TUTEIbHOCTD;

-hood: likelyhood — BeposiTHOCTB;

-ment: statement — yreepxxaenue, GopMyJIUpoBKa, COOOIIECHUE;

-ence (-ance): dependence — 3aBucUMOCTb, resistance — conpoTHBIICHUE;

-ite: satellite — cnyTHuK;

-ize: memorize — momuuTH, Characterize — xapakTepu3oBaTh;

-ee: nominee — kauauaaT, employee — cotpynHuk, trainee — craxep;

-ism: constructiviSm — KOHCTPYKTHBH3M,;

-ant: resistant — cToMKui, MPOYHBIA;

-ing: researching — ucciemoBaHue U ap.

Oxonuanue (¢aeKcusi) MHOKECTBEHHOIO YHCIa B TEXHHYECKMX TEPMHHAX
AHTJIMHACKOIO S3bIKa MOXKET 00Pa30BbIBATH HOBOE CYIIIECTBUTENBHOE:
e.g. control — ympaBnenue, controls — opraHsl yrpaBJieHusl.

B Hay4YHO-TEeXHUYECKUX TEKCTax OIpeAeIUTEIbHbIE MPUIATOYHBIC
HpEIOKEHUST MOTYT OBITh 3aMEHEHBI MpuiiaraTeabHbIME ¢ cyhdukcamu -able
WITH -IVE:

e. g. The materials available show excellent properties never before attainable.
— JlocTynHble MaTepHalibl C OTITUYHBIMA CBOMCTBAMH HEJTOCTUKUMBIMH TPEK/IE.

OOpature  BHUMaHUE, YTO BMECTO  CJIOB  aHIJI0-CAaKCOHCKOTO
IPOUCXOXKICHUSI B TEXHHUYECKUX CTAThsIX MPHUHATO HUCIOJIB30BaTh TEPMHUHBI C
JTATUHCKUMU KOPHSIMU:

- BMmecTo te-clean (s ounctku) — to purify;
- BMecTo t6-say (ckazath) — 10 state (mactauBaTh), t0 assert (yrBepxaath),
to reply (0OBsBISATH).

[TockonbKy oOpa3oBaHHE TEXHHUYECKUX TEPMHUHOB B AHTJIIMICKOM SI3BIKE
HE TMOJUYUHSETCS €AUHBIM IpaBUjiaM, J1ake OOJbIION ONbIT HE TapaHTUPYET
n30exats ommbku. [Ipu mepeBoge TEXHUYECKUX TEPMHHOB HA AHTJIMHUCKUN
MOXET TOMOYb:

1) O0bruHBI croBapb. PacmpocTpaHeHHBIE ¥ JIaBHO YIOTPEOJIIeMBIC
TEPMUHBI B HEM, KakK NpaBuio, €cTb. Dpa3oBble IJIarojibl U HEKOTOPHIE
YCTONYKMBBIE KOHCTPYKIIMM TaK>KE€ MOYKHO HAWTH B CIIOBape.

2) CrienuaibHbIC CIIOBApH TEXHHUYECKUX TEPMUHOB Ha aHIVIMKACKOM. be3s
HUX HEBO3MOXKHO TIEPEBECTH TEXHUYECKUH TEKCT, TaK KaK KOJIUYECTBO
CIEIUANBHBIX TEPMUHOB B KaXKJIOW Y3KOW 00JIaCTM HAyKHM U TEXHUKH OYCHD
BEJIMKO.


https://научныепереводы.рф/tehnicheskij-slovar-anglo-russkij/

3) YueOHukn © MoOHOrpaduu 1O OTpacid. B HHUX MOXHO HaWTH
JOCTYTIHbIE OOBSICHEHHS] TEPMUHOB U YCTOWYUBBICE KOHCTPYKIIMU C HTUMU
TEPMUHAMH.

4)TOCTsl nmaroT ompeeicHUs TCPMUHOB M IMOHITHH, MPUMCHICMBIX B
HayKe, TeXHUKE U MIPOU3BOJICTBE C SKBUBAJICHTAMH Ha aHTJIMICKOM SI3BIKE.

CuctemMaTH4ecKoe H3yUYEHHE aHTJIOSI3BIYHON JIUTepaTyphl IO CBOEH
CIELUAIBHOCTU TIOMOXET TOBOPUTH HA OJIHOM S3BIKE C KOJUIETAMH U HE
COBEpIIaTh OMHMOOK.

4 CokpanleHusi B TEXHHYECKHX TEKCTAX HA AHIJIMHCKOM fI3bIKe

B Hay4yHO-TEXHMYECKHMX TEKCTaX HCIOJB3YeTCs JIBa OCHOBHBIX BHJA
COKpalICHUM:

1) ABropckue. OHU BCTPEUAIOTCS TOJILKO B IMpEIENiax JaHHOW CTaTbu M
pacmr(poBBIBAIOTCS B CAMOM CTaThe.

2) OOuienpuHaThIe. BXOAST B JICKCHYECKYH) CHCTEMY s3bIKa |
(GUKCUPYIOTCS B CIEUUAIBHBIX  CIPABOYHMKAX. Takue  COKpalleHHs
NoJIpa3/Ies0TCA Ha a00peBUATYPhl U AKPOHUMBI.

A06OpeBHaTypHI Hallle BCero 00pa3yroTcs W3 HadadbHBIX OYKB KIIFOUEBOTO
TIOHSITHSL:

WWW — World Wide Web — BcemupHas nayTuHa.

WHorma cokpaiaercsi TOIbKO YacTh CJIOB B CIIOBOCOYETAHUU:

D.C. amplifier — direct current amplifier — ycunurenp MoCTOSHHOTO
TOKA.

AXpOHHM TIpEICTaBIIIET COOOW COKpalleHHe, KOTOPO€ BBHITJISAUT |
UCTIOJB3YeTCS KaK CIIOBO:

laser — light amplification by stimulated emission of radiation — na3zep.

Takue cokpalieHHs dYalie BCEro IOAYMHSIOTCS MpaBHJIaM s3bIKa, Ha
KOTOPOM HCTIOJIB3YIOTCSI.

BaHo: B aHIIMICKOM SI3BIKE TIPUCYTCTBYIOT COKPAIICHUS, KOTOPHIX HET
B pycCKOM Hu HaoOopoT. be3 ydera Takmx OCOOCHHOCTEH CTaThsi OynmeT
BBITJISIICTh CTPAHHO W HETIOHATHO JIJISl aHTJI0SA3BIYHOTO unTaTess. Hampumep:

AC 800 kV — nepemennsrii Tok 800 kB.

HVDC 600 kV — mocTossHHBIN TOK BhICOKOTO HampspkeHust 600 kB.

Hekoropslie cokparieHus: BBINSIISIT HE TaK, KaK PyCCKUE abO0peBHATYPHI C
TEM K€ CMBICIIOM:

emt — D/1C (aneKTpoABMIKYIIasl CUJIA).

5 KonBepcus ¢JIOB B AHTJIMHCKOM SI3bIKe

[Ipn nmepeBoae HAYyYHO-TEXHUYECKMX TEKCTOB HA AHIVIMHWCKUNA HYKHO
YUYUTBHIBATH KOHBEPCHUIO — SIBIICHUE, KOTOPOE B YUCTOM BHJIE HE BCTPEUAECTCA B
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PYCCKOM si3bIKe. B aHTJIMHACKOM pa3HbIC YaCTH PEUd MOTYT BBIPAXaThCs OJTHUM
U TeM ke ciioBoM. Hampumep, ciioBo Water MOXHO UCIOIb30BaTh B KAYECTBE:

1) CymecTBUTENBHOTO:

Water is necessary for life. — Boxa HeoOxoauma [JIs KU3HH.

2) TI'marona:

Water the flower-bed, please. — Ilosneii, moxanyiicTa, KIymoy.

3) IpunaratenbHOrO:

Water mills served a source of energy. — BojsiHble MEIbHHIIBI CITYKUITH
HUCTOYHUKOM SHEPTHUH.

4) YacTbiO CII0)KHOT'O CJIOBA:

Water-supply system — cuctema BogocHa0KEHHUS

Water-proof watch — BooHenpoHHIIaeMBIE YaChI

B Takux ciaydasx MOMHHTE, YTO B aHIVIMHCKOM TMPEIOKCHUN TBEPIbIN
HnopsiAoK ciioB. ITlojIoXeHHe clloBa 3aBHCHUT OT TOTO, B KAKOM Ka4yeCTBE BbI €rO
UCIIOJIb3YyeTe: TOJJICHKAIIET0, CKa3yeMOTo, IOTIOJHEHUS WU OIpeaeiICHUs.
DTO MOMOXKET M30€KaTh OLMIHOOK MPH IMEPEBOJIC HAYYHO-TEXHHUECKOTO TEKCTA.

6 CTpykTypa npeajio:keHusl B AHIVIOSI3BIYHBIX HAYYHO-TeXHUYECKHX
TeKCTaxX

B aHT0s3pIYHON HaYYHO-TEXHUYECKOM JIMTEPATYPE YACTO UCIIOIB3YHOTCS
CJIOKHOCOYHMHCHHBIC U CJIOKHOIIOAYNHCHHBIC ITPCAJIOKCHUA. YacTH CJI0:KHOIO
NPEAJOKECHUA M JOIHYE€CKHE KOHCTPYKIHH COCIMHAKTCH MNpEAJoraMmm H
coro3amMm, HarpuMep: 0N, upon, about besides, instead of, in preference to u ap.:

Equations are obtained for the dependences of the magnetic moment and
Curie t° on the concentration of nonmagnetic cations. — Ilony4eHbl ypaBHEHUS
JJIA 3aBUCUMOCTE MAarHuTHOTO MOMEHTa U TCMIICPATYypPhbL K}OpI/I OT
KOHOCHTPpAOIUHN HCMAI'HUTHBIX KATUOHOB.

Importance may depend upon some matters — 3HaYMMOCTh 3aBHUCUT OT
HECKOJIbKUX (haKTOPOB.

Atmospheric oxidation reactions are also important in particle
formation, besides ozone. — IToMmuMoO 030Ha, BaXKHYIO POJb B 0Opa3oBaHHH
YAaCTHII TAKKS UI'Par0T pCaKINH OKHUCIICHUA B aTMOC(i)epe.

Most assessments were qualitative, and used expert judgement instead
of quantitative studies. — BoOJBIIMHCTBO OIIEHOK HOCST KauyeCTBECHHBIN
XapaKTep M OCHOBAHbl Ha DKCHEPTHBIX 3aK/IIOYECHUAX, a HE HAa pe3yibTaTax
KOJIUYCCTBCHHBIX PICCJ'IC,Z[OBEIHHI?I.

Google uses Google Neural Machine Translation (GNMT) in preference
to its previous statistical methods. — Google wucnone3yeT HEWPOHHBIH
MamuHHBIA ~ TiepeBon  Google  (GNMT) BMecTo paHee  HCTOIB3YEMBIX
CTaTUCTUYCCKUX METOOOB.

Ocoboe MecTo B TEXHHMYECKOM TMEPEBOJIE C PYCCKOTO Ha AHTIUHCKUN
3aHUMAIOT IPUYACTHBIE KOHCTPYKITUH, KOTOPBIC BBOIATCS TpeyioroMm With:
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With the steam cut off, it became possible to start repairs. — Ilocie Toro,
KaK ObLI OTKJIFOYEH Map, NOSABUIACh BO3MOKHOCTh MMPUCTYNHUTh K PEMOHTY.

B MMOCICAHEC BPpEMSA B TCKCTAX TCXHHUYCCKOI'O XapaKTCpa Ha AHTJIUNCKOM
SA3BIKE CTAJIM BCC YalllC BCTPCUYATHCA HCIIOYKH CJIOB, HC CBA3AHHBIX IMMPCJIOTraMU:

overload prevention device — ycTpoiicTBO Ui TPEAOTBPAIICHUS
rnepes3arpy3ku

X-ray thickness gauge — peHTreHOBCKHUI TONIIUHOMETP

two-stage single-cylinder air-cooled reciprocating compressor —
JIBYXCTYIIEHYATBIN OHOLUJIMHIPOBBIN KOMIIpECCOD c BO3BpPAaTHO-
MMOCTYNMATCIbHBIM JABHXCHHUEM ITOPHIHA U C BO3AYIITHBIM OXJIAKACHHUEM

B JJOTHYIECKUX PACCYKIACHUAX qacTo HCITOJIB3YIOTCH
Hapeuusi however, thus, alternatively, on the other hand:

It noted however that progress in this area is often constrained by limited
resources. — OJIHaKO, OTMCHACTCs, YTO IIPOTPECC B 9TOIl 00JIaCTH 4YacTo
CACPIKUBACTCA OTPAHNYCHHOCTBIO PCCYPCOB.

This would infinitely increase the network density and thus lead to
unacceptable costs. — D1o noBiekiI0 Obl 32 CO00N OSCKOHEYHOE YBEIMUYCHHE
IIJIOTHOCTH CCTH, 1 TEM CAMBIM, IIPUBCJIO OBI K HCTIPUCMIICMBIM U3ACPIKKAM.

The series of temperatures within square brackets may alternatively be
Used. — B kauyecTBe AJbTEPHATUBBI MOT'YT HMCIIOJB30BATHCA TEMIICPATYPHLIC
pPAAbI, 3aKIIFOYCHHBIC B KBAJIPATHLBIC CKOOKH.

This view may on the one hand explore possible motivations for the
present method, and on the other hand highlight some of its deficiencies. —
Taxoi IIoaxoa MOXET, € OIIHOﬁ CTOPOHBI, OTKPLITh MOTCHIHWAIIBHBIC
MPpEUMYyHICCTBAa HEIHCINHETO METOda, a € IlpyFOﬁ CTOPOHBI, BEIABUTH HCKOTOPEIC
€0 HEAOCTATKH.

Hcnoan3oBanue CTpagaTeJbHOro 3aJ10ra TaKXe XapaKTCpHasd
0COOEHHOCTH HAYYHO-TCXHUYCCKOI'O TCKCTA:

Brakes are used to slow or to stop the car. — Topmo3snas cucrema
HCIIOJIB3YCTCA JJISL TOro, YTOOBI 3aMCJIATH X0q aBTOMO6I/IH${, 0] 051
OCTaHaBJINBAThH €TO0.

Yacto BCTPEIAOTCH 0e3JIMYHBIE HJIH HeOoNpeaACJICHHO-INYHbIC
KOHCTPYKUHMH TUIIA:

it was decided — Obu10 pemnieHo

It IS necessary — HeoOXoaMMO

B ¢pyHkuuu onpeaesieHus: HepPeaKoO UCNOIb3YeTC HMH(PUHUTHB:

the properties to be expected — oxxumaembie CBOICTB.

B AHTJIOA3BIYHBIX  HAYYHO-TCXHHYCCKHX  CTATbAX I[CﬁCTBHe qacTo
BbIPakaeTCHd He I1arojioM, a rjiaroJibHO-MMEHHBIM COYE€TAHUEM .

study — u3ydats, make a study — mpoBoIuTh HCCIIEI0BaHNE;

measure — u3MepsTh, Make measurements — nenats U3MEPEHHUS.

Hanpumep: The phenomenon of absorption was studied. —
HCCJ’IGI[OBEU'IOCB ABJICHUC ITOTJIOIICHUA.
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A study was made of the absorption spectra of fluorine centers. —
[IpoBeneHo ucciaen0BaHue CIEKTPOB MOTJIOMIEHUS (PTOPOBBIX LIEHTPOB.

B mpemnoxenusx tuma a Study is made mpenMeT W3ydeHHS BBOIUTCS
npeiorom of:

Measurements were made of the substance density. — HW3wmepsinach
IIJIOTHOCTH BCIIECTBA.

Marepuan BBOAUTCS NPeJIOroM ON:

Measurements were made on purified samples. — U3mepenus
IMPOBOJUIINCH HA OYHMIICHHBIX o6pa3uax.

CKZByCMOC B AHIJIMHCKOM A3BBIKE MOXCET CTOATH KaK TI0CJIC
moMJICKaero, Tak U IOCJIC T'PYHIIbI IMOJJICKAIICTO, OKA3bIBAJACH IIPU 3TOM B
KOHIC MPCIJIOKCHUA:

A short description is given of some species of ciliates. = A short
description of some species of ciliates is given. — JlaeTcst kpaTkoe OIHCaHHE
HEKOTOPBIX BUJIOB UH(DY30pHil.

O0paTtuTre BHUMAaHHE, YTO NPH IepeBoe C PYCCKOro sI3bIKa Ha
AHIJIMACKUH rpaMmMaTu4ecKkas CTPYKTYypa NMPeII0KEeHU T0JKHA
COOTBETCTBOBATDH A3BIKY II€peBOAA, 4 HC OBITH KAJIBLKOI C PYCCKOTO. HOMHI/ITG,
4TO B aHTJIMHMCKOM CKa3zyCMOC€ NOJIKHO ITPUCYTCTBOBATL:

O0BeEKT HCCICA0OBAHUA — CBUHIOBO-IITMHKOBAs CyJIB(l)I/I}IHaSI pyaa oOHOTO

n3 MectopokaeHuii Kpacnosipckoro kpas. — Object—ofresearch—lead-zine
swlphidic—ore—of—one—of Krasnoyarsk—Territory-s—entraits. — An object of

research is the lead-zinc sulphidic ore of one of Krasnoyarsk Territory’s
entrails.
Hcmons3yiiTe mMpeaIor Tak, Kak 3TO MPUHSATO B aHTJIHHCKOM SI3BIKE:
[lpoBeneHn OTOOp MITAMMOB ~ MHKPOOPraHU3MOB  (Oakrepuii) 1O

CIOCOOHOCTH K POCTY Ha JM3CIILHOM ToILinBe. — Fhe-selection—of-strains—of
microorganisms on ability to growth on diesel fuel is made.  The selection of
bacterial strains based on growth ability in diesel fuel.

OnvH U3 PU3HAKOB XOPOIIETO BJIaJICHUS S3BIKOM IPH MEPEBOJIE HAYYHO-
TEXHUYECKOTO TEKCTa — YMEHHE HCIOJb30BaTh YCTOHYHUBBIE SI3BIKOBBIE
KOHCTPYKIIUH:

Ha Marepuasie — based on wu case study of;

B pamkax — as part of;

IPEUT0KECHO UCTIOIh30BaHUEe — SUQQests using;

BO BTOpPOM pa3zjelie oocyxmaercs — Section |1 discusses;

Ha pucyHke 1 mokazano — Fig. 1 shows;

B pe3yibTaTe O3KCIepUMeHTa ObUIO BBISIBIICHO — the experiment has
revealed.

[IpoGiiema obcyxmaercs B crathe — Fhe—problem—is—discussed—in—the
article — The articles suggests..., The article discusses..., The article
discloses ...
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Yacroil ommMOKOW MpU NEpeBOJE Ha AHTJMHCKHUHA SIBISIETCS HNPOIYCK
aprukiasa. OIHAKO, B TEXHUYECKUX TEKCTaX OTCYTCTBYIOUIMH apTUKIb —
CKOpee HopMma:

SGeneral view is that... — oOlliee peICTaBIEHUE — ATO. ..

XapaKkTepHO OTCYTCTBHUE APTUKIIA NEPE] HA3BAaHUEM KOHKPETHOM JETau:

lever assembly are stainless steel — pwruyar caenman u3 HepkaBeroliei
CTaau

7 Anroputm padoThl ¢ TEKCTOM

Anroput™M paboOThl C TEKCTOM MPU TEPEBOAEC C AHTIIMHCKOrO sI3bIKa Ha
PYCCKHM CIIETYFOLINM:

- MPOYUTHIBAETCS BECHh TEKCT;

- TEKCT pazMevaercs;

- BBIACJISIOTCS HEIOHSATHBIE TEPMUHBI U CJIOBOCOYETAHUS;

- BBIACJSIOTCS COKpAILCHUS, AHIJI0-aMEPUKAHCKHE HE METPUUYECKHUE
MEpHbI MIEPEBOAATCA B METPUUECKHUE;

- MOCJIe 3TOr0 JENaeTcsl MOJHBIA MEePEeBOJ B MUCbMEHHOM WJIM YCTHOM
BUJIC B 3aBUCUMOCTHU OT 33JIaHMUSI.
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8 Texkcrnl Mo pusuke

TEXT 8.1

Implementing topologically ordered time crystals on quantum processors/
Peanmaum{ TOIIOJIOTHYCCKHU YIIOPAJOUCHHBIX BPEMCHHBIX KPHUCTAJIJIOB Ha
KBaHTOBBIX IIpoOIeccopax

NOVEMBER 10, 2024.by Tejasri Gururaj (7360)
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Time-translation symmetry breaking. Credit: Nature Communications (2024).
DOI: 10.1038/s41467-024-53077-9

In a new study published in Nature Communications, scientists have
implemented the topologically ordered time crystal on a quantum processor for
the first time.

This marks a new era for quantum technology, since time crystals have been
traditionally challenging to combine with topological order. However, achieving
this combination adds stability and robustness to the system, a requirement for
quantum computing applications.

Time crystals are a recent introduction to science, with the idea first proposed in
2012 by Nobel laureate Frank Wilczek. It is a quantum system that can naturally
oscillate between states without the need for a continuous external energy
source.

In simple terms, time crystals are a type of material in which the atoms are

arranged periodically in time, rather than space, which is how ordinary crystals
(like diamonds) are.
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The system always remains in the lowest energy state during oscillations, which
Is the ground level. Time crystals were experimentally confirmed in 2017 and
have potential applications in various quantum technologies.

Achieving topological order, or global order, in time crystals can be challenging
due to their dynamic nature. The research team aimed to bridge this gap by
demonstrating a topologically ordered time crystal.

Phys.org spoke to some of the researchers behind the study, including Dr. Liang
Xiang, Wenjie Jiang, Zehang Bao, Assistant Prof. Qiujiang Guo, and Prof.
Haohua Wang from Zhejiang University and Associate Prof. Dong-Ling Deng
from Tsinghua University.

Speaking of the process of bringing topologically ordered time crystals to life,
the researchers said, "The collaboration between theoretical physicists and the
experimental team makes this beautiful project happen. The goal is to push
forward the understanding of topological order in periodically driven systems."

The uniqueness of time crystals

Time crystals exhibit something called time-translation symmetry breaking.
Time translation is a property of systems wherein the system's state does not
change over time.

In the case of time crystals, this symmetry is broken since time crystals
periodically oscillate between different states. What makes time crystals unique
is that they can exhibit periodic motion in time without energy dissipation.

However, they do not violate conservation laws.

After being given an initial push, the system starts oscillating at a frequency
lower than the driving force. The oscillations are self-sustained due to many-
body interactions, creating collective, synchronized oscillations.

Their lack of equilibrium allows them to maintain motion indefinitely, even in
their ground state. This symmetry breaking is a form of non-equilibrium matter
which brings out the uniqueness of time crystals.

Topological order
A system can be characterized via two types of properties—Ilocal and global.
Local properties are those that depend on a specific environment or position

within a system—for example, the spin of an atom or its magnetic moment.
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Global properties, on the other hand, depend on the whole system at large.
These properties are long-ranged compared to local properties, which are short-
ranged. An example of a global property is superconductivity.

Topological order is a type of global property of a system not described by local
disturbances or noise. It emerges as a result of long-range entanglement within a
system, meaning that changes in one part of the system can affect another part of
the system.

Quantum computers are very prone to errors or noise from the environment.
These can interact with the system, leading to a loss of coherence. This means
the system can no longer maintain superposition and entanglement, which are
the core features of a quantum system.

Since topological order is stable against local disturbances, it is of interest for
topological quantum computing.

The challenge with introducing topological order in time crystals is their
dynamic nature. Topological order requires stability and equilibrium states,
which time crystals do not exhibit.

Programmable superconducting qubits

The researchers set up their processor using 18 programmable superconducting
transmon qubits arranged in a two-dimensional square lattice. These qubits are
more stable than other ones.

The square lattice facilitates qubit interactions, which helps generate the
entanglement needed for quantum algorithms and error correction (noise
reduction).

The researchers highlighted a key feature of their setup, the surface code.

"The surface code is not only one of the most successful models for quantum
error correction, but it also supports exotic topologically ordered phases.
The quantum processor developed by the experimental team at Zhejiang
University naturally fit the surface code model."

"This makes it an ideal testbed for exploring these elusive topologically ordered
states and potentially expanding their boundaries from equilibrium systems to
non-equilibrium ones," they explained.

Their processor has a depth of 700 circuit layers and can run 2,300 single-qubit
gates and 1,400 two-qubit gates. This demonstrates its ability to handle large
and complex computations.
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The platform can also simulate four-body interactions, which are needed for
modeling complex systems. Further, a neuroevolution algorithm was used to
find optimal configurations for quantum circuits, which can improve the
efficiency and effectiveness of the computations.

The researchers added, "To meet the stringent requirements of observing the
long-lived topological time crystal dynamics, we have made a huge amount of
effort to improve the performance of our processor, which has state-of-the-art
gate fidelities and qubit coherence times now."

Robust and stable topological time crystal order

The researchers found that the system could maintain stable behavior at a
fractional frequency of the driving force, even when dealing with noise,
demonstrating its stability. The system also stabilized after being disturbed
without any unwanted oscillations.

The system also remained stable under small fluctuations, meaning it can
function in noisy environments. When faced with stronger disturbances, the
system loses its time-crystal-like behavior.

The team found that the system's topological entanglement matched the one
made by theoretical predictions, suggesting its properties are robust and well-
defined.

For four-body qubit interactions, the system could successfully measure the
interactions with high accuracy. The system could also create and verify
quantum states driven periodically, supporting its time-periodic behavior.

The researchers commented on the potential of their system, saying, "We
believe that with the growth of the system size, control accuracy, and coherence
time, superconducting processors will allow scientists to explore more exotic
non-equilibrium phases of matter that are not accessible in natural materials."

They also mention that their experiment has demonstrated all necessary building
blocks for implementing Floquet-enriched topological order that hosts
dynamical anyon permutation and emergent non-Abelian anyons.

"An observation of such an unconventional phenomenon would also mark an
Important step in deepening our understanding of exotic non-equilibrium
phases," they remarked.
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TEXT 8.2

Ultrafast imaging technique reveals how ozone-damaging molecule reacts
to light/ CeepxObIicTpbIii METOJ BU3yalM3allMK IOKA3bIBACT, KaK MOJICKYJIBI,
paspyLIalolIre 030H, pEarupyroT Ha CBET

NOVEMBER 1, 2024.by Rachel Berkowitz, Lawrence Berkeley National Laboratory (3768)

A long-predicted ultrafast pathway in the UV photochemistry of bromoform is
visualized for the first time by femtosecond time-resolved electron diffraction.
Credit: Melody Li, Debadarshini Mishra, and Lars Hoffmann

For the first time, researchers have observed how bromoform rearranges its
atoms in less than a trillionth of a second after it gets hit by an ultraviolet (UV)
pulse. The imaging technique captured a long-predicted pathway by which the
ozone-layer-damaging molecule transforms its structure upon interaction with
light.

Energy from the sun's UV rays induces many chemical processes on Earth. To
understand, use, or mitigate damage from these often ultrafast chemical
reactions, it's vital to understand how they work at the atomic level.

"How do the electrons and atoms talk to each other to make a certain chemical
reaction happen? Bromoform is a prominent model system for answering these
questions,” said Oliver Gessner, a senior scientist at the Department of Energy's
Lawrence Berkeley National Laboratory (Berkeley Lab).

Chemists around the world have studied the UV photochemistry of bromoform
for decades. The natural compound breaks down ozone in Earth's atmosphere,
and is naturally produced by phytoplankton and seaweeds in the oceans.

Theory says that it undergoes two different processes under UV exposure: in
dissociation, one bromine atom breaks away from the rest of the molecule; in
Isomerization, the atoms rearrange into a different configuration or isomer.

"Some claim to have observed signatures of this isomer, but it was too short-
lived to prove,” said Gessner, who leads the Atomic, Molecular, and Optical
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Sciences Program in the Chemical Sciences Division at Berkeley Lab.
Moreover, different theories have widely different predictions of the proportion
of bromoform that follows each pathway.

In a study published in the Journal of the American Chemical Society, Gessner
and his colleagues developed an experiment that not only confirmed this isomer
formation but determined what proportion of bromoform molecules undergo
dissociation and what proportion form isomers.

The researchers first excited bromoform gas molecules with an ultrafast burst of
UV light (267 nanometer wavelength), then imaged the excited molecules with
ultrashort electron pulses using the relativistic ultrafast electron diffraction
instrument at the SLAC National Accelerator Laboratory. The instrument is part
of the Linac Coherent Light Source at SLAC, a Department of Energy Office of
Science user facility.

"The molecules decide within a few hundred femtoseconds which way they go,
so we had to be faster than that,” said Gessner.

From the electron images, the researchers could measure the distances between
atoms within the bromoform molecules and track how these distances changed
over time. The analysis showed that approximately 60% of
bromoform molecules underwent  isomerization  within  the first 200
femtoseconds of excitation and persisted for the duration of the 1.1-picosecond-
long experiment.

"It was really exciting to see exactly the configuration that some people had
predicted for this isomer,"” Gessner said. The other 40% of the bromoform
underwent direct dissociation.

The result is an important step toward understanding bromoform
photochemistry, and UV-induced photochemistry in general. "The sequence of
chemical pathways impacts the final chemical products,” said Gessner.

The benchmark measurement for a long debated isomer formation rate makes it
possible to refine theories that predict these reactions and their products.
Moreover, the study demonstrates that the ultrafast technique is good for
providing clear-cut answers to questions about how fast isomers populate and
how long they live. That, said Gessner, is a very powerful tool.
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TEXT 8.3

Transforming polyethylene: From functionalization to antibacterial
properties for sustainable applications/ [IpeoGpa3oBaHue MONMUITUIICHA: OT
(yHKIMOHAIM3AUU K aHTUOAKTEpUATbHBIM CBOMCTBAM JJil YyCTOMYMBOIO

MPUMEHEHUS
by Saeed Ataie (5697)
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Hydroaminoalkylation enables efficient amine group incorporation into
polyethylene, with subsequent conversion to antibacterial ammonium groups.
Credit: Saeed Ataie

Polyethylene (PE) is one of the most widely used and versatile plastic materials
globally, prized for its cost-effectiveness, lightweight properties and ease of
formability. These characteristics make PE indispensable across a broad
spectrum of applications, from packaging materials to structural plastics.

However, despite its widespread utility, PE's inherent chemical inertness limits
its functionality in advanced applications, holding back its potential for more
innovative uses.

To unlock this potential, it's essential to introduce polar functional groups into
PE, which can significantly enhance its properties and open doors to new
applications. This challenge has become a major focus in polymer chemistry,
where developing efficient methods to modify PE has drawn increasing interest.

One of the primary obstacles in modifying PE is its chemical resistance, which
makes it difficult to functionalize using conventional methods. This inertness
also contributes to the buildup of PE waste in landfills, posing a severe
environmental challenge. As plastic pollution continues to threaten ecosystems
worldwide, finding ways to recycle or upcycle PE into valuable products is
Imperative.

Although some approaches exist for modifying PE, they often lack scalability or
efficiency, underscoring the need for innovative solutions that
balance environmental impact with functional benefits for this ubiquitous
plastic.

Among the various strategies available, amination has emerged as one of the
most promising methods for modifying PE.
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But why focus on amines?

Amines are nitrogen-based groups with one or more hydrogen atoms attached in
the form of N-H bonds. These N-H groups can engage in hydrogen bonding,
enabling interactions between polymer chains. This not only enhances the
polymer's chemical reactivity but also improves its performance across a variety
of applications, from adhesives to coatings.

However, achieving efficient functionalization of PE with amines has been a
significant challenge; most methods require multiple, energy-intensive steps or
risk degrading the polymer's properties.

Consequently, progress toward a scalable, effective method for aminating PE
has been limited. Notably, converting the N-H groups in aminated PE into other
species could further broaden PE's range of applications.

Thin films of polyethylene functionalized with antibacterial ammonium groups.
Credit: Saeed Ataie

This is where my research, as a postdoctoral fellow in the Schafer group at the
University of British Columbia, makes a bold leap forward.

Through extensive exploration, | focused on a catalytic process called
hydroaminoalkylation to aminate PE efficiently. Previously used in modifying
polypropylene, this technique showed promise in transforming PE through a
simple, one-step reaction.

The work is published in the journal Angewandte Chemie International Edition.

The strength of this method lies in its efficiency: It works under mild, solvent-
free conditions and avoids the radical-induced degradation seen in conventional
methods. By applying this approach to vinyl-terminated polyethylene (VTPE),
generously provided by my industrial partner NOVA Chemicals, | successfully
created amine-functionalized PE with minimal reaction steps, enhancing
scalability and cost-effectiveness.
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At the University of British Columbia, my colleagues in the Hatzikiriakos group
conducted rheological and mechanical tests on my aminated PE. They found
that introducing amine groups not only modified the chemical properties of PE
but also impacted its physical characteristics.

For instance, the crystallization temperature of the modified PE increased,
indicating stronger intermolecular interactions within the polymer due to the
amine groups. The amine groups also increased the material's hydrophilicity (or
attraction to water), as the N-H bonds can form hydrogen bonds with water
molecules.

Traditionally, recycling PE has been challenging due to its chemical inertness,
but this new approach allows us to upcycle PE waste into valuable resources.
Aminating waste PE holds significant promise for sustainability, making it
possible to reuse and repurpose it for various applications.

Now, imagine a world where you don't need to sanitize your hands every time
you touch a surface, a common concern during the COVID-19 pandemic. This is
the problem | aimed to address in my study.

Control In presence of antibacterial polyethylene
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Complete reduction of Staphylococcus aureus bacteria in the presence of
antibacterial polyethylene. Credit: Saeed Ataie

Here's how amination can lead to an antibacterial effect: | converted the amine
groups in the polymer into positively charged ammonium groups by treating the
aminated PE with a hydrochloride solution. Since bacteria have negatively
charged cell membranes, they are naturally attracted to the positively charged
ammonium groups.

This electrostatic interaction disrupts the bacterial cell membrane, ultimately
killing the bacteria. After this transformation, my collaborators at the University
of Calgary, the Heyne team, exposed the modified polymer to Staphylococcus
aureus bacteria. The polymer killed all the bacteria in a short exposure time.

In essence, | developed an antibacterial polymer that holds potential for use as a
coating on everyday surfaces, offering a way to prevent the spread of germs

without the need for constant sanitizing.
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TEXT 8.4

Can unknown physics be seen in interactions between Higgs bosons?/
MO>KHO 11 YBUJETh HEU3BECTHYIO (PU3UKY BO B3aUMOJCHCTBUSIX MEXY
0030HamMu Xwurrca?

NOVEMBER 7, 2024? by Polish Academy of Sciences (4780)

Secondary particle tracks recorded during a proton collision inside the ATLAS
detector, indicating the presence of a single Higgs boson in the event. Credit: IFJ
PAN / CERN / ATLAS Experiment

Since the launch of the Large Hadron Collider, there has been ongoing research
there into Higgs bosons and a search for traces of physics beyond the existing
model of elementary particles. Scientists working at the ATLAS detector have
combined both goals: with the latest analysis it has been possible to expand our
knowledge of the interactions of Higgs bosons with each other, and stronger
constraints on the phenomena of "new physics™ have been found.

An undisputed success of the Large Hardon Collider (LHC) is the discovery of
the last missing element of the Standard Model: the Higgs boson, responsible for
the origin of the mass of elementary particles. There is also a disappointment:
the persistent absence of any trace of physics beyond this model.

Scientists at the facility of the European Organization for Nuclear Research
(CERN) in Geneva are therefore trying to conduct their current research in such
a way as to combine more precise measurements of the properties of the Higgs
boson with further searches for "new physics."

The study just published in the Journal of High Energy Physics is an example of
this approach. In it, physicists from the ATLAS experiment focused on events
leading to the creation of two Higgs bosons, which would then decay into
multiple particles of the lepton family (mainly electrons and muons).

The production of Higgs boson pairs can occur within the Standard Model itself.
It is such a rare process here that it has not been possible to observe it in the data
collected so far. There are, however, theoretical models describing phenomena
beyond the Standard Model, predicting the production of Higgs boson pairs with
a higher probability.

Observing instances of this sort of production using data already collected
would confirm the existence of a hitherto unknown class of physical
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phenomena. It is therefore not surprising that for the scientists in the ATLAS
experiment, this very process became the starting point for the analysis
described above.

"Experimental studies of the interactions of Higgs bosons with each other
encounter a fundamental problem. It is this: in proton collisions at the LHC,
Higgs bosons appear so infrequently that so far not a single event of Higgs
boson pair production has been detected, which at first glance seems absolutely
necessary if we want to look at interactions between these particles. How, then,
can we study a phenomenon that has not yet been observed?" asks Dr.
Bartlomiej Zabinski, a physicist at the Institute of Physics of the Polish
Academy of Sciences (IPJ PAN) who coordinated the international team
responsible for this analysis.

Within the Standard Model, increasingly precise predictions can be made about
the probabilities of wvarious known processes. A rationale for suggesting
unexpected properties of Higgs bosons or the existence of new physics would be
a discrepancy between theoretical predictions and actual data from the LHC
detectors.

Operating solely within the framework of the Standard Model, the physicists in
the ATLAS experiment therefore simulated (together with the background) the
signals that should appear in the detectors in the event of two Higgs boson
phenomena, and then normalized the results according to the expected amount
of data coming from their detector. The final step was to compare the values
thus obtained with those derived from previous observations. The use of
machine learning based on decision trees helped in the search for these rare
processes.

"Our analysis of double Higgs boson production events in the final state with
multiple leptons complements the studies already carried out on other final
states. So far, we have not noticed anything in the data from our detectors that
disagrees with the Standard Model. However, this result does not rule out the
possibility of the existence of 'new physics' phenomena, but only informs us that
their possible influence on the production of Higgs boson pairs remains too
weak to be seen in the data collected so far," concludes Dr. Zabinski.

In the coming years, the LHC is to undergo a major upgrade. The intensity of
the beams will then increase tenfold, resulting in a significant increase in the
number of recorded proton collisions.

The limitations imposed by the current analysis on the production and
parameters describing the interactions of Higgs bosons allow physicists to hope
that perhaps already at the beginning of the next decade it will be possible to
select the first events of double Higgs production from more data and to verify
today's predictions in direct observations of the phenomenon.
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TEXT 8.5

Scientists use high-energy heavy ion collisions as a new tool to reveal
subtleties of nuclear structure/ Y4enbsie ucnonap3yrT BEICOKOIHEPTETHUECKUE
CTOJIKHOBEHHSI TSDKEIbIX HOHOB B KAa4eCTBE HOBONO MHCTPYMEHTA IS
BBISIBJICHHS] TOHKOCTEH SIEPHOU CTPYKTYPBI

NOVEMBER 6, 2024.by Brookhaven National Laboratory (11369)

An artistic representation of charged particle tracks streaming from a collision of
two uranium nuclei overlaid on a sketch of the STAR detector at the Relativistic
Heavy lon Collider (RHIC). The incoming uranium nuclei, exaggerated in size,
are shown contracted along the beam direction, illustrating the effects of
traveling close to the speed of light. By analyzing particle flow patterns from
many such collisions scientists can reconstruct the shape of the original colliding
nuclei. Credit: Chunjian Zhang/Fudan University and Jiangyong Jia/Stony
Brook University

Scientists have demonstrated a new way to use high-energy particle smashups at
the Relativistic Heavy lon Collider (RHIC)—a U.S. Department of Energy
(DOE) Office of Science user facility for nuclear physics research at DOE's
Brookhaven National Laboratory—to reveal subtle details about the shapes of
atomic nuclei.

The method, described in a paper published in Nature, is complementary to
lower energy techniques for determining nuclear structure. It will add depth to
scientists' understanding of the nuclei that make up the bulk of visible matter.

“In this new measurement, we not only quantify the overall shape of the
nucleus—whether it's elongated like a football or squashed down like a
tangerine—Dbut also the subtle triaxiality, the relative differences among its three
principle axes that characterize a shape in between the ‘football’ and ‘tangerine,"
said Jiangyong Jia, a professor at Stony Brook University (SBU) who has a joint
appointment at Brookhaven Lab and is one of the principal authors on the STAR
Collaboration publication.
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Deciphering nuclear shapes has relevance to a wide range of physics questions,
including which atoms are most likely to split in nuclear fission, how heavy
atomic elements form in collisions of neutron stars, and which nuclei could
point the way to exotic particle decay discoveries.

Leveraging improved knowledge of nuclear shapes will also deepen scientists'
understanding of the initial conditions of a particle soup that mimics the early
universe, which is created in RHIC's energetic particle smashups.

The method can be applied to analyzing additional data from RHIC as well as
data collected from nuclear collisions at Europe's Large Hadron Collider (LHC).
It will also have relevance to future explorations of nuclei at the Electron-lon
Collider, a nuclear physics facility in the design stage at Brookhaven Lab.

Ultimately, since 99.9% of the visible matter that people and all the stars and
planets of the cosmos are made of resides in the nuclei at the center of atoms,
understanding these nuclear building blocks is at the heart of understanding who
we are.

"The best way to demonstrate the robustness of nuclear physics knowledge
gained at RHIC is to show that we can apply the technology and physics insights
to other fields," Jia said. "Now that we've demonstrated a robust way to image
nuclear structure, there will be many applications."

From long exposure to freeze-frame snapshots

For decades, scientists used low-energy experiments to infer nuclear shapes—
for example, by exciting the nuclei and observing photons, or particles of light,
emitted as the nuclei decay back to the ground state. This method probes the
overall spatial arrangement of the protons inside the nucleus, but only at a
relatively long time scale.

"In low-energy experiments, it's like taking a long-exposure picture," said Chun
Shen, a theorist at Wayne State University whose calculations were used in the
new analysis.

Because the exposure time is long, the low-energy methods do not capture all
the subtle variations in the arrangement of protons that can occur inside a
nucleus at very fast timescales. And because most of these methods use
electromagnetic interactions, they can't directly "see" the uncharged neutrons in
the nucleus.

"You only get an average of the whole system," said Dean Lee, a low-energy
theorist at the Facility for Rare Isotope Beams, a DOE Office of Science user
facility at Michigan State University. Though Lee and Shen are not co-authors
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on the study, they and other theorists have contributed to developing this new
nuclear imaging method.

"The high-energy imaging method, which captures many freeze-frame snapshots
that reveal information about both the protons and neutrons, is orders of
magnitude faster," said Chunjian Zhang, a former SBU postdoctoral fellow, now
a junior faculty member at Fudan University, who co-led the STAR analysis.

Importantly, the snapshots taken by RHIC's STAR detector all come from
different collision events.

"You cannot image the same nuclei again and again because you destroy them in
the collision,” Jia noted. But by looking at the whole collection of images from
many different collisions, scientists can reconstruct the subtle properties of the
3D structure of the smashed nuclei.

As Lee explained, "In each collision, you freeze time for a moment and look at
where all the protons and neutrons are. And every time you do this, it's a
different distribution due to the quantum nature of atomic nuclei. So, the high-
energy method captures a ton of information, a ton of complexity that we do not
probe in low-energy experiments.”

Reconstructing shapes from debris

How exactly does STAR see that complexity if the nuclei get destroyed? By
tracking how particles fly out—and how fast—from the most central, head-on
nuclear smashups.
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Head-on collisions of oblong uranium nuclei can take orientations between
body-body and tip-tip (a) to produce a quark-gluon plasma (QGP) with varying
shapes and sizes (b). These QGP characteristics drive distinct expansion patterns
(c), leading to different distributions of emitted particles (d). By measuring the
variation in these "flow" patterns from collision to collision and comparing them
to collisions of near-spherical gold nuclei, scientists can extract the shape of the
uranium nuclei. Credit: Jiangyong Jia/Stony Brook University

As the STAR scientists note in their Nature paper, "In an ironic twist, this
effectively realizes [famous physicist] Richard Feynman's analogy of the
seemingly impossible task of ‘figuring out a pocket watch by smashing two
together and observing the flying debris.™

From years of experiments at RHIC, the scientists know that high energy
nuclear collisions melt the protons and neutrons of the nuclei to set free their
inner building blocks, quarks and gluons. The shape and expansion of each hot
blob of this melted nuclear matter, known as a quark-gluon plasma (QGP), is
determined by the shape of the colliding nuclei.

The shape and size of each QGP blob directly affect pressure gradients
generated in that blob of plasma, which in turn influence the collective flow and
momentum of particles emitted as the QGP cools.

The STAR scientists reasoned they could "reverse engineer" this relationship to
derive information about nuclear structure. They analyzed the flow and
momentum of particles emerging from collisions and compared them with
models of hydrodynamic expansion for different QGP shapes to arrive at the
shapes of the originally colliding nuclei.

To show their method worked, they compared central collisions of gold nuclei—
which are believed, from low energy studies, to be close to spherical—with
central collisions of uranium nuclei, which have a pronounced elongated
football-like shape. Because the gold nuclei are nearly spherical, there shouldn't
be much variation from collision to collision in the flow patterns of emitted
particles.

"Central collisions of gold nuclei produce a circular, fixed size QGP that
expands evenly in all directions," said Shengli Huang, a SBU research scientist
who co-led the STAR analysis.

"The oblong uranium nuclei, on the other hand, can collide in a wide range of
orientations, generating droplets of QGP with various shapes and sizes," he said.
So, the scientists expected central collisions of uranium to exhibit much more
variability in the flow patterns.
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By comparing measurements between uranium-uranium and gold-gold
collisions—and fitting those results to hydrodynamic models that have
successfully described other characteristics of the QGP—the scientists were able
to infer a quantitative description of the shape of the uranium nucleus. The
results also include a first determination of the relative lengths of the three
principal axes of the oblong uranium nucleus.

Computing tools

Obtaining precision predictions from various hydrodynamic models, including
Shen's model, posed significant computational challenges. Accomplishing this
task took over a year, with Zhang running calculations on the Open Science
Grid. Zhang used more than 20 million central processing unit (CPU) hours to
produce more than ten million collision events from hydrodynamic models,
which were then fitted to the experimental data.

"Many features in the STAR data are indicative of the significant differences in
the shape between the uranium and gold nuclei, but the computational data-
model comparisons certainly helped us to more precisely quantify the nuclear
shapes," Zhang said.

Though this study aimed to establish a new nuclear imaging method, the data
did reveal some new information about uranium nuclei. Instead of observing
distortion in just the one principal axis that leads to "prolate™ elongation, the
scientists found differences in all three axes, suggesting that uranium nuclei are
more complex than previously thought.

Expanded impacts

As noted, the new method will improve physicists' understanding of the initial
conditions in heavy ion collisions that generate QGP at both RHIC and the
LHC. Nuclear structures derived from low-energy experiments were essential in
analyses that linked those initial conditions with hydrodynamic flow patterns to
establish that the QGP created in these collisions is a nearly perfect liguid.

Scientists can now use the new method to check the consistency with low-
energy approaches using nuclei like uranium where the structure is relatively
well known. This will further reduce uncertainties about initial state conditions
to improve the determination of QGP properties.

The method can also be used to determine shapes of other nuclei, especially
those where the low-energy experiments yielded limited understanding. One
example would be to apply the method to so-called isobar nuclei—nuclei with
the same total number of protons and neutrons (nucleons), but different
proportions of each type.
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Such pairs are involved when two neutrons in a higher-neutron-number “parent”
nucleus transform into protons via a nuclear weak decay process to create the
lower-neutron-number "daughter"—a process known as double beta decay.
Knowing the shape differences between parent and daughter nuclei could help
reduce model uncertainties in experiments searching for an unseen type of decay
known as neutrinoless double beta decay.

"There are many interdisciplinary aspects of this research,” Jia explained.
"Nuclear physics has many subfields. Usually, each community uses its own
tools—theory and experiments. But because of these results, the low-
energy nuclear structure and nuclear reaction communities around the world
have taken notice.

"Several workshops, meetings, and conferences were organized to explore the
connections between the high-energy and low-energy frontiers in nuclear
physics, which allowed us to understand each other better," he said.
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TEXT 8.6

Improving detector sensitivity to neutrinos and dark matter: Latest
experimental setup vyields 50% higher ionization/ IloBsimenue
YyBCTBUTEJIBHOCTH JETEKTOpPa K HEUTPUHO M TEMHOM MAaTEpUU. HOBEHIIas
AKCIIEpUMEHTAIbHAs YCTAaHOBKA 00€CTIEYMBAET MOBbIIIEHHE HOHU3AMK Ha 50%.

NOVEMBER 1, 2024.by Patricia DeLacey, University of Michigan College of Engineering
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Simplified diagram of the experimental setup. A HPGe detector was placed
within the collimated neutron beam, and a Nal(TI) detector was placed to the
side outside the neutron beam. Credit: Physical Review D (2024). DOI:
10.1103/PhysRevD.110.083043

Fine tuning an experimental setup improved a detector's sensitivity to neutrinos
and perhaps eventually dark matter—two difficult-to-measure forms of matter
which hold great importance for understanding particle physics and
experimental cosmology. The University-of-Michigan-led study
IS published in Physical Review D.

The trouble with detecting neutrinos and dark matter lies in their weak
interaction with other forms of matter.

Neutrinos—tiny, subatomic particles produced in nuclear reactions in the stars
and by radioactive decay—only rarely interact with other matter through weak
nuclear forces. Typically, neutrinos pass straight through visible matter, earning
the nickname "ghost particles." These neutrally charged particles do not interact
with electromagnetic forces, and they only weakly interact with gravity as
their mass is around ten million times less than an electron.
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Neutrinos can be detected through nuclear recoil. When trillions of neutrinos are
directed at atoms, a rare collision between a neutrino and an atom can occur.
This causes the nucleus to recoil and pushes electrons of nearby atoms out of
orbit. Applying a voltage across the detector and recording ionization energy
reveals neutrino collisions.

Similarly elusive, dark matter exerts gravitational force upon visible matter but
does not absorb, reflect or emit light. Researchers are actively working to create
and detect dark matter, thought to be the “glue™ holding galaxies together, to
better understand the formation of the universe.

Although dark matter has not yet been detected on earth, hypothetical particles
called Weakly Interacting Massive Particles (WIMPs) are expected to cause
nuclear recoil similar to neutrinos.

Once only able to be detected in massive underground facilities, commercially
available high purity germanium detectors, or HPGe detectors, just a few inches
long are now able to detect weak nuclear recoils. These compact detectors
leverage the heavy metal's large nucleus to increase the probability of collisions
while cooling the detector to 77 Kelvin (about -196 °C) to minimize signal noise
from atomic vibrations.
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Experimental set up at The Ohio State University Nuclear Reactor Laboratory.
The high purity germanium detector (HPGe) is within the path of a neutron
beam while the sodium iodide (Nal) scintillation detector is placed to the side of
the beam. Credit: Applied Nuclear Science Group (Prof. Jovanovic).

To accurately detect these tiny disturbances, detectors must first measure and
understand nuclear recoils under a neutron beam to ensure proper calibration.
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"Radiation is the means by which we observe the universe, be it in the Large
Hadron Collider, dark matter experiments or nuclear experiments.
Understanding how that radiation interacts with matter greatly impacts our
ability to interpret measured results,” said Igor Jovanovic, a U-M professor of
nuclear engineering and radiological sciences and senior author of the study.

The research team performed an experiment measuring the response of
germanium nuclei to 254 electron volt (eV) nuclear recoils, or about one fourth
of a keV, as nuclear recoils to lower energy neutron beams are poorly
understood. Two previous experiments measuring nuclear recoil at the same
energy had conflicting ionization yields.

The experimental setup used a two cubic centimeter HPGe detector and an
external sodium iodide (Nal) scintillation detector to measure ionizing radiation
from nuclear recoils. To reconcile previous experimental differences, the
researchers saved the raw output from both the HPGe and Nal detector using
improved digital electronic recording devices.

Using the raw output improved shaping analysis, removing any signal
processing biases, and allowed the same data to be analyzed using multiple
algorithms to find the optimal method.

Results yielded a 50% higher ionization yield compared to a previously
established theory, dramatically increasing the sensitivity of high purity
germanium detectors to dark matter or neutrino detection.

"Our results could greatly improve the sensitivity of commercially
available detector technologies for neutrino detection and impact the results of
several ongoing neutrino experiments,” said Alexander Kavner, a U-M doctoral
graduate in the Applied Physics Program and lead author of the study.

Experimentation was conducted at The Ohio State University Nuclear Reactor
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TEXT 8.7

Successful experiment paves the way for discovery of a new element/
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NOVEMBER 3, 2024.by Lund University (2390)
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Theoretical predictions of cross sections for the production of element Z=120.
Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.172502
The search for new elements comes from the dream of finding a variant that is
sufficiently stable to be long-lived and not prone to immediate decay. There is a
theory in nuclear physics about an island of stability of superheavy elements.
This is a potential zone in the upper part of the periodic table of as-yet-
undiscovered elements that could remain stable for longer than just a few
seconds. The aim is to explore the limits of stability of atomic nuclei.

In a study involving Lund University, Sweden, researchers have tested a new
method for observing the element livermorium, which has 116 protons in
its atomic nucleus. The research shows that the new method is a promising step
forward for embarking on the mission to produce element 120, which would be
the heaviest element to date. The work is published in the journal Physical
Review Letters.

"We were able to register a livermorium nucleus in our detector just eight days
into the experiment, which shows that we had chosen pretty good settings from
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the start,” says Dirk Rudolph, one of the researchers from Lund University
engaged in the new study.

The experiment campaign was conducted at the Berkeley Lab in the United
States. For Dirk Rudolph and his Lund colleagues, it is a feather in their cap to
have been entrusted with supplying the new detector system for the extensive
experiments at Berkeley. The detector from Lund, called SHREC, was flown to
the United States in the researchers' hand luggage. The heart of the detector is a
small box containing 14 customized silicon wafers.

Research on superheavy elements first requires an accelerator to deliver an
intense ion beam, which is then focused onto a target. The target consists of a
thin layer of an element heavier than uranium. The product formed during
the fusion reaction can be registered in a detector system after an efficient
separation.

"I'm very proud that SHREC performed like clockwork in the experimental
setup right after we brought it with us from Lund," says Pavel Golubev, the
detector expert in the Lund team.

The livermorium experiment will continue for the rest of the year, after which
the researchers plan to start work on trying to produce element number 120,
which could take several years.
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TEXT 8.8

New technique enhances precision in measuring short-lived atomic nuclei/
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OCTOBER 17, 2024.by Nuclear Science and Techniques (4066)
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Layout of the experimental Cooler Storage Ring of the Heavy lon Research
Facility in Lanzhou, together with a schematic diagram of the TOF detector.
Credit: Han-Yu Deng

Researchers at the Heavy lon Research Facility in Lanzhou (HIRFL-CSR) have
introduced a technique, Tune-IMS, designed to improve the precision of
isochronous mass spectrometry (IMS) in measuring short-lived atomic nuclei.
The development offers refined data for nuclear structure studies and could have
potential applications in astrophysics, nuclear energy, and medicine.

The Tune-IMS technique has proven its capability to enhance the mass precision
of certain short-lived nuclei, such as Ge, ®As, 6’Se, and "*Kr. Compared with
the previous IMS method, it additionally utilizes betatron oscillation of the ions
to further reduce the mass errors, which is particularly important for short-lived
nuclides.

"Our method can achieve higher precision for isotopes that have been
challenging to measure," said Prof. Meng Wang, lead researcher on the project.
"This may benefit ongoing studies in nuclear physics and related fields."

The findings are published in the journal Nuclear Science and Techniques.
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The improved precision provided by Tune-IMS may offer more reliable data for
researchers studying nuclear reactions, which are important for understanding
processes such as stellar evolution and the formation of elements in stars. More
accurate mass measurements could also contribute to nuclear energy research,
where precise data can enhance the efficiency of reactors and improve safety

protocols.

In addition, the advancement may assist in nuclear medicine, where isotopes
used in diagnostic imaging and therapeutic treatments require accurate mass

data for stability and effectiveness.
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Left: The standard deviation of the revolution time with (red filled triangles )
and without (black filled squares) the new technology. Right: The
comparison of the re-determined mass values for the reference nuclides with
(a) and without (b) the new technology. Credit: Han-Yu Deng
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Conventional isochronous mass spectrometry (IMS) has faced challenges in
achieving high accuracy, particularly with short-lived nuclei. These limitations
have been tied to the spread of magnetic rigidity in ions, which can affect the
resolution of mass measurements.
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The Tune-IMS technique addresses this issue by utilizing betatron oscillations,
which reduce the spread in revolution times and thus improve measurement
precision. This method has been successfully tested on several nuclides and has
compared favorably with established IMS methods.

While Tune-IMS offers improvements, the current method requires the selection
of specific oscillation values, which limits the number of ions available for
analysis. The research team is developing a new time-of-flight detector with
positional sensitivity to address this limitation, aiming to increase the method's
efficiency and applicability.

"By improving the sensitivity of our detectors, we hope to expand the range of
nuclei that can be studied with Tune-IMS," Prof. Wang noted.

The Tune-IMS technique represents a refinement in the precision of mass
measurements for short-lived atomic nuclei, with potential applications in both
fundamental nuclear research and practical fields like nuclear energy and
medicine. Researchers at HIRFL-CSR plan to continue developing the
technology to broaden its scope.
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TEXT 8.9

A new tool for faster, more in-depth analysis of nuclear properties and
mass data/ HoBblit HHCTpYMEHT /jist 60Jiee OBICTPOTrO U YIIIYOJICHHOTO aHan3a
SIIEPHBIX CBOMCTB U JaHHBIX O Macce

OCTOBER 25, 2024.by Nuclear Science and Techniques (3873)

DEVIATION (keV)
AME < -1000
[ 1000 <amE <500

B 500 <ave <300

Bl 00 <ames-100

B to0<ameE<100
100 < AME < 300

B 300 <ames<s00
500 < AME < 1000

1000 < AME

. NoData

Mass-excess value differences between experimental data from AME2020 and
predictions from mass model FRDM12. Credit: Wenjia Huang

A significant advancement in nuclear-data analysis has been achieved, which is
relevant for several key areas, ranging from particle and nuclear physics to clean
energy and health care. Researchers have developed a new tool to process
nuclear data in a faster and more transparent way, helping to advance
technologies that rely on nuclear science. The study is published in the
journal Nuclear Science and Techniques.

Nuclear data is crucial for advancing our understanding of particle and nuclear
physics, as it provides essential information on the properties and interactions of
various nuclei and particles. Accurate nuclear data allows researchers to
validate theoretical models, leading to more precise descriptions and predictions
of nuclear phenomena.

By compiling and regularly updating nuclear data, scientists can enhance their
ability to decipher fundamental questions about the universe's building blocks
and the forces that govern their behavior, ultimately paving the way for new
technological innovations and discoveries.
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This development may also contribute to clean energy initiatives, particularly in
advancing nuclear fusion research. Innovations in this area could help address
energy needs while minimizing impacts on the environment.

In health care, enhanced nuclear data could refine medical imaging and
treatment methods such as radiation therapy, offering more effective options for
diagnosing and treating complex diseases.
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Top Nuclear properties of 127Sn for the ground and isomeric states in order of
excitation energies. (Bottom) Example illustrating the new features of mass
lineage in Nuclues++: the mass of the primary nuclide 127Sn is determined
from a Penning-trap mass measurement and three beta-decay end-point energy
measurements. Credit: Wenjia Huang

The software, Nucleus++, developed by the Chinese Academy of Sciences and
Advanced Energy Science and Technology Guangdong Laboratory, in
collaboration with Université Paris-Saclay and Argonne National Laboratory,
integrates nuclear mass data from the AME and nuclear physics properties from
NUBASE, providing faster and more in-depth analysis for researchers
worldwide.

With collaboration among leading international research institutions, this
improved approach for nuclear data analysis will help efforts in energy, health
care, and space exploration, benefiting people around the world.
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TEXT 8.10

Accelerator lab provides detailed data on the ‘magic' N=50 neutron shell
closure/ JlabopaTopusi ycKOpUTelel IpeoCTaBiseT MOAPOOHbIC JaHHBIC O
"BomeOHOM " 3aKpBITUM HEUTPOHHOU 0000ukr N=50

NOVEMBER 7, 2024.by University of Jyviskyla (4425)

L

Researchers Mikael Reponen and Zhuang Ge from the Department of Physics of
the University of Jyvdskyld has measured more detailed data on the "magic"
N=50 neutron shell closure. Credit: University of Jyviskyla
Researchers from the Department of Physics of the University of Jyviskylad
(Finland) have found new information about the strength of the so-called magic
neutron number 50 shell closure in the silver isotope chain.

The new more detailed information on the properties of the nuclei will
contribute crucial information for refining our understanding of nuclear forces.
The research improves state-of-the-art theoretical models and thus benefits the
global description of the atomic nucleus.

Nuclear physicists have focused their attention at the area below tin-100 (*%°Sn)
on the nuclear chart. The area near tin-100, the heaviest doubly magic self-
conjugate nucleus, exhibits diverse nuclear structure phenomena.

Essential nuclear properties, such as the binding energies of exotic nuclei in this
region, are vital for assessing shell closure stability and the evolution of single-
particle energies. Additionally, these properties aid in studying the proton—
neutron interaction on long-lived isomers and the proximity of the proton drip
line.
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"Furthermore, binding energies offer essential data for accurately describing
astrophysical processes like rapid proton capture. Precise nuclear data serve as a
critical benchmark for theoretical predictions in nuclear physics, ensuring the
accuracy and reliability of theoretical models.

"The charge radii behavior observed in our breakthrough work supported the
magicity of N=50 in the silver isotopic chain,” explains Staff Scientist, docent,
Mikael Reponen from University of Jyvaskyla.

The study has been published in Physical Review Letters and is also a direct
follow-up to the researchers' previous publication in Nature Communications.

New technology for more detailed data

In the latest work, researchers have utilized an efficient hot-cavity catcher laser
ion source coupled with a Penning trap mass spectrometer employing a state-of-
the-art phase-imaging ion-cyclotron resonance (PI-ICR) technique. This has
allowed the investigation of the magic N = 50 neutron shell closure in exotic
silver isotopes in even more detail.

"The use of novel production methods for exotic nuclei, combined with high
precision mass measurement techniques enabled the ground state masses of
silver- 95-97 nuclei and the isomeric state in silver-96 to be probed with a
precision of about 1 keV/c? even with yields as low as one event every 10
minutes,” says Academy Research Fellow Zhuang Ge from the University of
Jyviskyla.

These new mass values quantify the robustness of the N = 50 shell closure in the
silver isotopic chain and benchmark state-of-the-art nuclear ab initio, density
functional theory, and shell model calculations near the N = Z line, continues
Ge.

Theorists must replicate experimental results

The precise excitation energy of the silver-96 isomer serves as a benchmark for
ab initio predictions of nuclear properties beyond the ground state, especially for
odd-odd nuclei close to the proton dripline near tin-100.

Moreover, the first precise measurement of the excitation energy of the isomer
of silver-96, as a possible astrophysical nuclear isomer, enables the ground state
and isomer of silver-96 to be treated as separate species in astrophysical
modeling.

"All applied theoretical approaches face challenges in reproducing the trend of
nuclear ground-state properties across the N = 50 neutron shell and towards the
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proton dripline. Our measurements thus contribute crucial information for
refining the nuclear forces to improve these theoretical models and thus benefit
the global description of the atomic nucleus," says Ge.

More detailed isotope measurements

This work highlights the scientific capabilities of the new experimental method
employed for the first time at the IGISOL facility of the Accelerator Laboratory.
The coupling of the phase-imaging Penning-trap mass spectrometer technique
with the hot-cavity catcher laser ion source provides remarkably high sensitivity
that enables high-precision mass measurements of exotic isotopes with
exceedingly low yields.

"Ongoing studies, based on the achievements of this work, will shed light on the
ground- state properties along the N=Z line in the immediate region below tin-
100 in the near-future,"” says Reponen.
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New insights into exotic nuclei creation using Langevin equation model/
HoBoe nonumanue CO3J1aHHUA SK30TUYCCKUX SAACP € UCITOJIB30BaAHUEM MOACIIN
ypaBHEHUs JIaH)KEeBeHa
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e
—<’J
R
Capture Compound
Projectile Nucleus > °
Survive

Super-heavy ®

Nuclei »

Decexcitation §
e

= ; Target-like
Target-like . ., Residue
Projectile-like Fragment Pr()_wCl‘llr:»llkc
Fragment Residue

Evolution of nuclear system in fusion and MNT reactions. MNT reactions
encompass quasi-elastic (QE), deep inelastic (DI), and quasi-fission (QF)
processes. Understanding the complex mechanisms involved in MNT reactions
presents significant challenges for theoretical investigations. Credit: Minghao
Zhang

Researchers have introduced a model based on the Langevin equation that offers
new insights into the formation of exotic nuclei. This development could
enhance the ability to produce rare isotopes that are valuable for various
applications in science and medicine.

The study is published in the journal Nuclear Science and Techniques.

A research team led by Professor Feng-Shou Zhang has developed and applied
this model to study multinucleon transfer (MNT) processes in heavy-ion
collisions. The model provides a more precise understanding of energy
dissipation during heavy-ion collisions, which is important for predicting
nuclear reaction outcomes. Simulations of nuclear reactions, such as “°Ar
+ 232Th, 136Xe + 238y, and *¢Xe + 2°Bi, have shown that the model's predictions
of cross-sections and angular distributions are in good agreement with
experimental results.

Modeling nuclear reactions, particularly those involved in producing exotic
nuclei, is challenging due to their complexity. Conventional methods like
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projectile fragmentation and fusion-evaporation have limitations, particularly in
synthesizing new transuranium and superheavy elements.

This model addresses these challenges by simplifying the process, reducing the
number of adjustable parameters, and focusing on key physical processes. It
successfully simulates energy and scattering angle distributions, offering
insights into deep inelastic and quasi-fission processes.
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parameter, 500 trajectories have been simulated. Credit: Ying Zou
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parameter, 500 trajectories have been simulated. Credit: Ying Zou

The improved accuracy of MNT reaction predictions provided by this model
could facilitate the production of isotopes that are difficult to generate using
other methods. These isotopes are valuable for scientific research and medical
applications, such as diagnostics and treatments. According to Prof. Zhang, the
goal is to keep the model comprehensive yet practical for experimental use.

This development represents a step forward in nuclear physics, contributing to
the understanding of exotic nuclei production through MNT reactions. Further
refinement of the model may enhance its utility in guiding future research and
improving rare isotope production processes.

This research was conducted in collaboration with Beijing Normal University,
Beijing Academy of Science and Technology, and the National Laboratory of
Heavy lon Accelerator of Lanzhou.
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Buck Regulators Solve the Power Thirst of the Transmitter Circuit in
Current  Loops/  IloHmxkammue  peryjisaTopbl  pemialT  mpodieMy
AHEPronoTpedIeHNs CXEMBbI IIEpeIaTIYMKa B TOKOBBIX KOHTYpax

October 2022. by Zhongming Ye (17000 )

This article explains how to design a compact power supply for a current loop
transmitter using the LT8618, a 100 mA high speed synchronous monolithic
step-down switching regulator, instead of an LDO regulator. Its performance is
evaluated and the components required to satisfy stringent industrial standards
are selected. Efficiency, start-up, and ripple test data are provided.(630)

Autonomous control is increasingly prevalent in industrial and consumer
applications, but even cutting-edge autonomy solutions rely on an old technique:
the current loop. Current loops are a ubiquitous component in control loops that
work both directions: they convey measurements from sensors to programmable
logic controllers (PLCs) and conversely convey control outputs from the PLC to
process modulation devices.

Autonomous Control Solutions

The 4 mA to 20 mA current loop is the dominant industry standard for accurate
and reliable data transmission via a twisted pair cable from remote sensors to a
PLC. Simplicity, longevity, robustness, proven reliable data transfer over long
distances, good noise immunity, and low implementation cost make this
interface well-suited to long-term industrial process control and automated
monitoring of remote objects in noisy environments. Traditionally, power for
the current loops is supplied through linear regulators for many of the previously
listed reasons. The downsides to using linear regulators—when compared to
switching regulators—are their relative inefficiency and limited current
capability. Inefficiencies can lead to heat dissipation problems, and limited
current often precludes the addition of desired control system functionality.

New high efficiency, high input voltage buck regulators are robust and small
enough to replace linear regulators in many current loop systems. The
advantages of a buck over a linear regulator are many—including higher current
capability, wider input ranges, and higher system efficiency. Significant
performance advantages can be found in buck regulators that feature low
minimum tON times at high switching frequencies, yielding compact, robust
solutions.

The standard 4 mA to 20 mA current loop shown in Figure 1 can be used for
carrying both sensor information from field instrumentation and control signals
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to the process modulating devices, such as a valve positioner or other output
actuator. It consists of four components: (1670)

- The current loop power source: The power supply VDC voltage varies
(9 VDC, 12 VDC, 24 VDC, etc.) depending on the application, with at least
10% higher potential than the voltage drop of the combined components in the
circuit (for example, transmitter, receiver, and wires). This VDC is tapped by
local step-down regulators to supply power to sensors and other components.

- The transmitter: The main component of the transmitter is the sensor or
transducer. It converts a physical signal—such as temperature, pressure, current,
distance, or a magnetic field—into an electrical signal. If the converted signal is
an analog voltage, a voltage-to-current converter that’s part of the transmitter is
required to convert it to a 4 mA to 20 mA current signal. In the case of a smart-
digital output sensor, a DAC converts the digital signal back to an analog signal.
A local power supply in the transmitter—LDO or buck regulator—powers all
these analog, digital, and reference circuits.

- The receiver or monitor: The receiver converts the 4 mA to 20 mA
current signal into a voltage signal, which can be further processed and/or
displayed. The conversion of the current signal to use voltage levels is via a high
precision shunt resistor RSHUNT, and/or analog-to-digital converter or data
acquisition circuit. In the instrument terminal, local buck regulators power the
receiver circuits.

- The 2- or 4-wire loop: A complete current loop circuit can stretch over
2000 feet and comprise the series connected transmitter, power supply, and
receiver. In 2-wire 4 mA to 20 mA current loops, the power supply shares the
same loop with the current loop.

() oc 2-Wire Current Loop ;
) it Other CKT
Instrument/
Rec
wirel _ 4
PLC -
i
i, wire2 ~ -— / e
o
Up to>2000 ft <> Regulator
Repunr
) [
Rsen

Figure 1. Diagram of a 2-wire current loop.

For example, to measure O psi to 50 psi of pressure using a remote pressure
transducer, the 4 mA to 20 mA current receiver circuit is in series with the
pressure-to-current transducer. On the sensor side, it reads 4 mA when the
pressure is 0 psi, and 20 mA when the pressure is 50 psi. On the receiver side,
Kirchhoff’s first law tells us that an identical current appears at the shunt
resistor, where it is converted to a voltage signal.
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Autonomous operations in industry, refinery, highway monitoring, and
consumer applications require high-performance sensor technologies and
reliable, accurate current loops to convey sensor information. The components
of the current loop must maintain high accuracy, low power, and reliable
operation over an extended —40°C to +105°C industrial range, with required
security and system features.

The source voltage at the transmitter (sensor) side can be up to 65 V during
transients, which must be converted down to 5 V or 3.3 V. As the sensor
circuitry is often designed to draw power directly from the current loop (no
additional, local power source), it is typically limited to 3.5 mA. As more
functionality and features are added at the transmitter, this limit becomes a
problem when traditional linear regulators are used, which cannot provide any
additional current. In addition, most of the power in the system using a linear
regulator must be burned in the regulator itself, producing significant heat in an
encapsulated system.

The LT8618 extends the input range to 65 V and expands the load capability to
15 mA. Its high efficiency takes the thermal constraint out of the current loop
system design, where the transmitters are encapsulated and exposed to harsh
environmental variations. A low-cost filter is proposed to reduce the voltage
ripple and the cable side current ripple. The article analyzes the performance of
the power regulator and provides the component selection guideline to meet
rigorous industrial requirements. Test data for efficiency, startup, ripple, etc. are
provided.

Close the Current Loop Using a Buck Converter With Extended Input and
Load Ranges

The LT8618 is a compact buck converter with many features meeting the
requirements of industrial, automotive, and other unpredictable power source
environments. It readily fits 4 mA to 20 mA current loop applications, with
ultralow quiescent current, high efficiency, wide input range, up to 65 V, and
compact size. Figure 2 shows a complete transmitter circuit solution using the
LT8618 to power the MAX6192C high accuracy reference, voltage-to-current
conversion, and other circuits.

The current at the shunt circuit 2SC1623 is proportional to the voltage applied at
the positive input of the error amplifier (EA). The 2.5 V reference voltage is
produced by the MAX6192C, a precision reference IC with low noise, low
dropout, and low-temperature drift of 5 ppm/°C (max). In the case of a smart
sensor with a digital output proportional to the environmental variables, a DAC
can convert the digital to an analog signal and feed it to the error amplifier.

ISHUNT=(VDC1+VREF)R12R11RSENSE(1)ISHUNT=(VDC1+VREF)R12R1
1RSENSE(L)
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Therefore, with the EA, the BJT (2S5C1623), and the 100 Q (+0.1%) sense
resistor (RSENSE), the transducer modulates the current in the current loop
from 4 mA to 20 mA, where 4 mA represents a live zero and 20 mA represents
the maximum signal. The live or elevated zero of 4 mA allows for the device to
be powered even with no process signal output from the field transmitter.
Hence, the current in the shunt circuit is proportional to the environmental
variables, such as pressure, temperature, level, flow, humility, radiation, pH, or
other process variables.

The two long wires are part of the information-carrying current loop and are also
used to provide power to the transmitter from VDC, the power supply on the
receiver side. The minimum voltage of the VDC should be enough to cover the
voltage drop across the wires, shunt, and the minimum operating voltage of the
transmitter. The source voltage is application dependent, typically 12 V or 24 V,
but can be as high as 36 V.
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Figure 2. The current loop with LT8618 as a DC power source.

At the remote transmitter terminal, a Schottky diode (D1) protects the
transmitter from reverse current flow. Further protection is provided by a Zener
or TVS (D2) diode placed across the input to limit transient voltage surges,
which are proportional to the inductance of the current loop. The loop voltage is
stepped down by the LT8618 high-efficiency monolithic buck regulator to 5.5 V
or 3.3 V— to power the reference, DAC, and other function blocks.

In Figure 2, the wires between VDC and the transmitter can range from several
feet to 2000 feet. The stray inductance of the current loop forms an LC resonant
tank with the input capacitor of the buck regulator. A transient on the power
supply side (VDC) also appears at the remote transmitter’s input side. For a
worst-case undamped oscillation, the peak voltage can double that of the VDC.
For instance, if the operating input voltage is 24 V, typical with a maximum
specification of 36 V, the maximum voltage on the transmitter side is at risk of
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going beyond 65 V. Easy protection can be implemented using a TVS diode D2
in front of the transmitter to limit any surge during transient, as shown in Figure
2.

Alternatively, an efficient system could be built by protecting the LT8618 from
high voltage excursions with an LDO regulator. In such a topology, the LDO
regulator would regulate to the input minus its dropout voltage with the LT8618
converting this ~24 V to 5 V or 3.3 V with high efficiency. The current limit of
the LDO regulator should be set below the typical 3.8 mA while also
maintaining high efficiency and the input capacitor of the LT8618 basically
serves both as a decoupling and reservoir capacitor as well. This would enable
short bursts of high loads downstream with minimal to no current draw in the
current loop. Since high voltage excursions are short, typically carrying little
overall energy, the resulting power loss in the LDO regulator during these
transients does not impair overall efficiency; that is, the LDO regulator spends
nearly all of its time at a high step-down ratio.

A typical current loop limits the input current of the power circuit that is
powering the complete remote transmitter, and available load current from an
LDO regulator cannot exceed this input current limit. On the other hand, a buck
regulator can multiply the input current supplied to the load. Figure 3 shows
output current vs. input current of the LT8618 regulator for a 24 V input to 5.5
V conversion. For an input current limit of 3.8 mA, the output current is almost
15 mA. This extra power simplifies the system designer's job by increasing
operational headroom and enabling additional functional blocks.

20.0
18.0 : ll:'[I;gGIB
16.0
14.0
12.0
10.0

8.0

Output Current(mA)

6.0

4.0

20

0 10 2.0 3.0 4.0 5.0
Input Current (mA)

Figure 3. Output current vs. input current, Vin =24 V, Vour = 5.5 V.
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Burst Mode Operation Improves Efficiency at Tiny Loads

An LDO regulator’s efficiency is proportional to the step-down ratio
(VOUT/VIN) and can be efficient when the input voltage is slightly higher than
the output. The problem arises at high step-down ratios, where efficiency is very
low, producing significant thermal stress on the system. For instance, with the
input at 55 V and output at 3.3 V, the power loss of the LDO regulator is 0.19 W
with 3.8 mA of load current. In contrast, a properly designed buck regulator can
be very efficient at high step-down ratios. Furthermore, synchronous buck
regulators can increase efficiency over nonsynchronous counterparts by
replacing the catch diode with a MOSFET. The challenge with a
synchronous buck converter is optimizing the efficiency over the entire load
range—specifically, at light loads of 3 mA to 15 mA, when the input can be as
high as 65 V.

For a typical synchronous buck converter, three power losses dominate:
switching losses, gate drive loss, and losses associated with the converter IC
controller logic circuit. Switching and gate drive losses can be significantly
reduced if the switching frequency is reduced, so simply running the converter
at low frequency reduces the switching and gate losses at light loads.

At light loads, the bias loss of the logic circuits is on par with the relatively low
switching-related losses. The bias circuit is normally powered from the output,
only taking power from the input via an internal LDO regulator during startup
and other transient conditions.

At light loads, the LT8618 addresses logic circuit losses by operating in Burst
Mode®, where current is delivered in short pulses to the output capacitor,
followed by relatively long sleep periods, where most of the logic control
circuits are shut down.

To further improve the efficiency at light loads, a larger value inductor is
preferred since more energy can be delivered to the output during the short
switching pulses and the buck regulator can remain in sleep mode longer
between those pulses. By maximizing the time between pulses and minimizing
the switching losses of each short pulse, the LT8618 quiescent current can be
less than 2.5 pA while maintaining the output in regulation from inputs up to 60
V. Since many transmitter circuits draw low current most of the time, this low
quiescent current is a significant energy saver over typical bucks, which draw
tens or hundreds of pA.

Figure 4 shows the efficiency of the current loop solution shown in Figure 2,
with the 5.5 VOUT output rail tied to the BIAS pin of the LT8618. The peak
efficiency reaches 87% at the full 100 mA load, with 28 V input, and an 82 pH
inductor. The 10 mA load efficiency at or above 77% for the same 28 V input is
arguably more impressive.
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Figure 4. LT8618 high efficiency at light load,
ViN=28V, Vour =55V, L =82 uH.
Input Filter to Limit Both Inrush Current and Current Loop Ripple

The input of the power regulator is connected to the current loop, so it is
important to limit the ripple current and inrush current during startup or load
transients as well, in addition to the steady state current limit. The inrush current
during the startup of a power converter depends on the sizes of the input and
output capacitors for a given soft start time. This is the trade-off: minimize the
input capacitor to prevent large inrush currents while making it big enough to
maintain acceptable low ripple.

The input current of a buck converter is pulsed; therefore, the input capacitor
plays a key role in providing a filter path for the ripple current. Without this
capacitor, a significant amount of ripple current would flow through the long
current loop causing the buck to behave unpredictably. Therefore, a minimum
input capacitance meets ripple current and ripple voltage requirements.
Multilayer ceramic capacitors (MLCC) have the best performance with regard to
ripple current, due to their low ESR and ESL.

When the converter operates in Burst Mode, the inductor current follows a
triangular waveform. The impedance of the current loop is much higher than the
input filter. Therefore, the ripple voltage across the input capacitor can be
estimated by the following equation, ignoring the capacitor’s ESR and ESL,
where IPEAK is the burst current in the buck inductor, and VR is the ripple
voltage across the input capacitor (obviously a bigger capacitance is needed for
higher burst currents):

C=I2PEAKL2VRVIN(2)C=IPEAK2L2VRVIN(2)
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To minimize the input voltage ripple while keeping the input capacitance as
small as possible, we prefer a smaller buck inductance. Nevertheless, Burst
Mode efficiency is better with a large inductor. For an 82 pH inductance, and 1
V ripple, to avoid triggering UVLO at any minimum input instance, a 100 nF
input capacitor is sufficient for this application using the LT8618.

The majority of the ripple current goes through the local decoupling capacitor,
and the residual portion shares the same path as the current loop. It is important
to keep the current ripple in the cable side small since it will appear across the
shunt sense resistor as voltage ripple, and the magnitude of the voltage ripple
needs to be smaller than the resolution spec of the ADC reading the voltage
across the shunt sense resistor. The current ripple can be further reduced by
additional filters. An RC filter is a good design trade-off because the input
current is small, and it is low cost compared to an LC filter. Smaller ripple
currents can be further achieved with two or three cascaded stages of RC filters.

LTspice® simulations allow us to compare the current ripple at the source cable
side for three different input filter structures, with a total resistance of 100 Q in
series in the input path, using the LT8618 with VIN = 28 VV and VOUT =5.5V,
and an 82 pH inductor. A current pulse is equivalent to what the input filter
would see as input current to the LT8618 regulator for a 10 mA of output
current.

A single-stage RC filter with 100 Q and 100 nF has a current ripple of more than
60 uwA peak-to-peak at the source cable side. The ripple current at the source
cable side becomes smaller as more capacitance is added or filtering stages are
cascaded. Given the fact that a buck regulator performs better with a bigger
direct input capacitor, and that a 2-stage RC filter has a smaller BOM than a 3-
stage one while delivering similar current ripple at the source cable side, we
recommend the 2-stage filter with 50 Q and 47 nF per stage. The source cable
side ripple current is about 30 uA, and correspondingly it produces about 7.5
mV of ripple voltage across the 250 Q shunt resistor, which is almost enough for
an 8-bit resolution ADC. To further reduce the cable side ripple current, bigger
capacitance can be used in the filters. For instance, if the 47 nF caps are replaced
by 100 nF caps, the cable side ripple current can be reduced to just 7 pA,
corresponding to a ripple voltage of 1.75 mV.
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Figure 5. Current ripple at the source side of the current loop.

In typical current loop applications, customers would specify a current limit
during startup (3.2 mA, for instance), with the exception of a specified short
period of time where this limit could be exceeded. In a buck converter, a high
inrush current is common to charge up the input capacitors. The function of the
input filter is two-fold: in addition to limit the ripple current at the cable’s
source side, it also helps limit the start-up inrush current. Figure 6 shows the
input current over time during the start-up behavior with the 2-stage input filter,
for an input VIN of 24 V, and 4 mA of load current at the output side.

Start-Up Current, V|, =24 V

Enable
5V/div

IIN M ——
10 mA/div
Vour //

5 V/div

2 ms/div

Figure 6. Start-up current with input filter to limit the inrush current (from top:
input voltage 20 V/div, output voltage 5 V/div, enable, input current in the cable
side, 10 mA/div).

Key Takeaways of Current Loops

Current loops are widely used in industrial and automotive systems to collect
and transmit information from sensors to control systems, sometimes over
relatively long wires. Conversely, the loop transmits controller outputs and
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modulation instructions to remote actuators and other devices. Significant
efficiency and performance improvements can be realized by improving the
power supplies in the current loop, notably by replacing traditionally used linear
regulators with high-efficiency buck regulators, which also increases current
capability and expands input ranges. High efficiency, high input voltage
regulators in tiny packages with low minimum on times make it possible to
produce compact overall solutions, comparable in size and robustness to LDO
regulator solutions. This article showed how to use the LT8618 in a 4 mA to 20
mA current loop transmitter, meeting rigorous industrial requirements.

This article originally appeared in Bodo s Power Systems [PDF] magazine.

59


https://www.bodospower.com/default.aspx

TEXT 9.2

Determining Power Factor Using the Two-Wattmeter Method/
Omnpenenenue Koadgdunuenta Momnoctu Metoaom J[Byx Bartmerpon

September 08, 2024 by Amna Ahmad (7 816)

The ratio of true power to apparent power is called the power factor of the load.
When the two-wattmeter method is used to measure the power dissipated in a
balanced load, the power factor of the circuit can also be determined from the
meter readings.

What is Power Factor?

Power factor is the ratio between the true power in watts and the apparent total
power in volt-amps of an electrical load or system. Power factor is a measure of
how efficiently the line current of a load or system is being converted into useful
work output. The ideal power factor is unity (1 or 100%). Anything less than 1
means additional power is required to accomplish the actual task.

The power triangle below in Figure 1 illustrates the phase angle (0) between true
and apparent power. The cosine of the phase angle is known as the power factor
(PF), and its value is inversely proportional to the amount of reactive power.
The smaller the angle 6, the less reactive power present and the greater your
power factor is.

The “Power Triangle”

Apparent power (S)
measured in VA

Reactive power (Q)

measured in VAR

Impedance
phase angle

True power (P)
measured in Watts

Figure 1. Power factor triangle.

Apparent power (VA) is equal to or greater than the true power (watts),
depending on the power factor (PF). Therefore, when sizing circuits or
equipment, you must size the circuit equipment according to the apparent power
(volt-amperes) and not the true power (watts). Formulas that can be used for
determining apparent power are as follows:
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A pparen tP ower (V A )=V o It sx A mpere ( S ingleP
h ase ) ApparentPower(VA)=VoltsxAmpere(SinglePhase)
A pparen tP ower (V A ) =1732 x V o It sx A mpere (Th ree
Ph ase ) ApparentPower(VA)=1.732xVoltsxAmpere(ThreePhase)

A pparen tP ower = T rue P ower P ower F ac t or ApparentPower
=TruePowerPowerFactor

A pparen tP ower= v (T rue P ower )2 + (R eac ti ve P ower

)2 ApparentPower=(TruePower)2+(ReactivePower)2

True power (watts) is the energy consumed by the resistive part of an AC
circuit. The true power of a circuit that contains inductive and/or capacitive
reactance in addition to resistance is measured with a wattmeter and can be
calculated by use of one of the following formulas:

T rue P ower (W) =V o It sx A mperex P ower F act or ( S

i ng | e Ph ase ) TruePower(W)=VoltsxAmperexPowerFactor(Single
Phase)
T rue P ower (W) =1.732 x V o It sx A mperex P ower F ac t

or (Th ree Ph ase ) TruePower(W)=1.732xVoltsxAmperexPowerFacto
r(ThreePhase)

T rue P ower= v ( A pparen tP ower )2 — (R eac ti ve P ower

)2 TruePower=(ApparentPower)2—-(ReactivePower)2

Reactive power (VARS) is power supplied to a reactive load. Almost all AC
circuits include reactive power in the form of inductive reactance and/or
capacitive reactance. Inductive reactance is by far the most common since all
motors, transformers, solenoids, and coils have inductive reactance. The
formulas for determining reactive power are:

R eac ti ve P ower (V A Rs )=V o It sx A mperex S in 0

( S ing !l e Ph ase ) ReactivePower(VARs)=VoltsxAmperexSinB(Si
nglePhase)
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R eac ti ve P ower (V A R s ) =1732 x V o It sx A mperex

S in 6 (Th ree Ph ase ) ReactivePower(VARs)=1.732xVoltsxAmpe
rexSinB(ThreePhase)

R eac ti ve P ower= v ( A pparen tP ower )2 — (T rue P ower

Power factor (PF) is the ratio of true power (watts) to apparent power (VA) and
Is expressed as a percentage that does not go above 100 %. Power factor
measures how far the current and voltage are out of phase with respect to each
other. Unity power factor (1 or 100%) can only occur if the AC circuit supplies
resistive loads or when capacitive reactance (XC) is equal to inductive reactance
(XL). When the power factor is less than 100 percent, the circuit is less efficient
and has a higher operating cost because not all current performs useful work.

The formulas for determining the power factor are

P ower F act or=T rue P ower A pparen tP ower PowerFactor=T
ruePowerApparentPower
P ower Factor=Wat sV A PowerFactor=WattsVA

Power Factor Determination

Consider the phasor diagram for a balanced Y-connected load, as shown in
Figure 2. The phase voltages EAN, EBN, and ECN, have 120° phase differences
and line voltages EAB, EBC, and ECA are 30° ahead of EAN, EBN, and ECN,
respectively. The line currents IA, 1B, and IC (also the phase currents in a Y-
connected load) each lag the related phase voltage by phase angle .
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Figure 2. Phasor diagram for a two-wattmeter power measurement method with
a balanced Y-connected load. The load power factor can also be determined
from the meter readings.

Now, look at the circuit diagram in Figure 3. The current coil of wattmeter
W1 carries line current 1A, and the potential difference across its voltage coil is
line voltage EAB. The phase difference between EAB and 1A is (30°+¢) (see
Figurel). Consequently, the power indicated by W1 is

PL=E A Bl A cos (30° +¢ ) P1=EABIAcos(30°+d)

Because Eas is line voltage Vi, and Ia is line current I,

P1 = V1IL cos (30° +¢ ) P1=V1ILcos(30°+¢) (1)

Load

0 A

oC

Figure 3. The two-wattmeter method is most often used for measuring three-
phase power. It is appropriate for 4- or Y-connected, balanced or unbalanced
loads. The load power is determined by adding the meter readings.
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In Figure 3, the current flowing in the current coil of wattmeter W2 is line
current IC. The potential difference across its voltage coil is -EBC. If the voltage
coil of W2 had been connected with its + terminal to line B, the voltage would
be +EBC. But when connected as illustrated, the voltage coil potential
difference is -EBC. As shown in the phasor diagram in Figure 2, there is a 30°
difference between -EBC and ECN. Because IC lags ECN by angle ¢, the phase
difference between —EBC and IC is (30°- ¢). The power indicated by W2 can
now be written as

P2=EB C | C cos (30° +¢ ) P2=EBCICcos(30°+d)
Or

P2 = VLIL cos (30° — & ) P2=VLILcos(30°-p) (2)

P2 + P1 = VLIL[ cos (30° —d ) +cos (30° +¢ )] P2+P1=VLIL[cos(3
0°-dp)+cos(30°+)]
= VLIL(2 coscos 30° cos ¢ ) =VLIL(2coscos30°cosd)

= v 3VLIL cos $=3VLILcosd
And

P2 — P1 = VLIL[ cos (30° —d ) —cos (30° +¢ )] P2-P1=VLIL[cos(3

0°=cp)—cos(30°+dp)]
= VLIL s i n¢$=VLILsin®d

P2 — PIP2 + P1 = VLIL s i nd vV 3VLIL cosp=1 3t anpP2-

P1P2+P1=VLILsindp3VLILcosd=13tanc
Giving,

b=tan— 1\ 3 [ P2 - PIP2 + P1 ] c=tan—13[P2-P1P2+P1]
(3

In deriving Equation 3, it was assumed that ¢ is less than 60°. When ¢ is greater
than 60°, (30°+¢) exceeds 90°, and cos (30°+¢) becomes a negative quantity,
making the reading on wattmeter W1 negative. As noted, to get a positive
indication, the connections to either the current coil or the voltage coil must be
reversed, and the power measured by the wattmeter must be recorded as a
negative quantity.

The two-wattmeter method does not indicate whether the calculated power
factor is leading or lagging. This must be determined by considering the load. A
largely inductive load has a lagging power factor, and a predominantly
capacitive load has a leading power factor.
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Example

The readings of the two wattmeters connected to measure the total power in a
three-phase wye-connected 400-Volts system are 4 kW and 6 kW. Calculate the
power factor.

Solution

Wattmeter 1 reading = P1 = 4000 W
Wattmeter 2 reading = P> = 6000 W
Voltage = VL =400V

Using equation 3,

db=tan- 1 v 3 [ P2—PiP2+ P1 ] c=tan—-13[P2-P1P2+P1]

d=tan- 1 v 3 [ 6000 — 40006000 + 4000 ] db=tan-13[6000-
40006000+4000]
d=tan-1 v 3 [ 12 ] =t an- 1(0.3464) = 19.106° dp=tan—13[1

2]=tan-1(0.3464)=19.106°
Power factor

cos ¢=cos (19.106°) = 0.945 cosdh=cos(19.106°)=0.945

Key Takeaways of the Two-wattmeter Method

The two-wattmeter method is most often used for measuring three-phase power.
It is appropriate for A- or Y-connected, balanced or unbalanced loads. When this
method is employed to measure the three-phase power dissipated in a balanced
load, the power factor of the circuit can also be computed from the meter
readings. In the two-wattmeter method, there is no indication of whether
the power factor calculated is leading or lagging. This must be determined by
considering the load.

65


https://eepower.com/technical-articles/choosing-the-best-three-phase-power-measurement-method/
https://eepower.com/power-electronics-textbook/vol-i-electrical-power-systems-design/chapter-1-introduction-power/what-is-wye-and-delta/
https://eepower.com/technical-articles/total-harmonic-distortion-thd-and-power-factor-calculation/

TEXT 9.3

Battery Sizing Explained/ O6bsicaenenus pasmepa OaTapeu

October 11, 2022, by Simon Mugo (7565)

This article will make battery sizing an easy task for engineers.

Electric power has become one of the most significant requirements in the
modern world. In the bid for clean and free energy utilization, engineers have
come up with battery systems such as solar and electric vehicles, triggering
growth in battery utilization. These batteries are designed to meet certain
criteria, and engineers need to be able to size such batteries.

What Is Battery Sizing?
A battery is a hardware device employed to supply power to another device
giving the device permission to work without being connected to the power
cord. Such devices include laptops, cellphones, electric cars, and radios and can
be classified as rechargeable or non-rechargeable. The battery can be
categorized according to the material used, including lithium-ion, lithium
polymer, nickel-cadmium, and nickel-metal hydride.
Battery sizing is balancing the power requirement of a given system and coming
up with a battery that meets the client’s requirements. Sizing determines the
number of kilowatt-hours stored in a particular battery. It is an important action
that gives a product lifetime. Undersized batteries reduce the shelf life of an
electrical product.
To size a battery, gather the following information:

« load that will be supported by the battery to be designed

« minimal voltage the battery should handle

« backup time

IEEE Sizing Calculations

Our calculations are based on the IEEE-provided standards for the sizing of
both nickel-cadmium and lead-acid station application batteries. This is a
directive to all users that the calculation here may not be used to design any
other battery type unless you refer to the guides provided by the manufacturers
of the other types.

The following should guide you during the sizing process:

« Collect the total loads that will be supported by the battery. This step will
help the designer determine the total load the battery should supply.

« Develop a load profile. The load profile is determined using the autonomy
method, and IEEE standards give the guidelines for the autonomy,
discharge, or backup times.

« Select the type of battery to design. Choose the type of battery, for
example, lead-acid and follow IEEE-provided guidance on characteristics
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of charging and discharging; essentials on cell orientations; the threshold
for ambient temperature; cell life; ventilation and maintenance
requirements; other physical properties such as battery terminals and
weight.
Using the manufacturer’s datasheet, determine the battery cell characteristics,
including cell temperature; cell floating voltage; end of discharge voltage
(EODV, which in most batteries ranges between 1.75 V to 1.8 V per cell if the
discharge time is more than one hour and 1.66 V if the discharge time is less
than 15 minutes); AH battery cell capacity; electrolyte density in the case of
lead-acid batteries.
Choose battery cells that can be linked in series method. For lead acid of a
particular size, the list below shows the number of cells that can fit in them.

RATED VOLTAGE (V) CELLS
6 3

12 6

24 12

48 24

120 60

Table 1. Table Showing Different Battery Voltage Ratings and The Number of
Cells Required for The Lead Acid Battery

I would not advise designers to always stick to the list above because they can
perform calculations and determine the required number of cells to match a
specific load. The formulas here will guide designers in determining the number
of cells required, which should not go below or above this limit:
Nmax=Vdc(1+Vload,max)Vcharging

Nmin=Vdc(1-Vload,min)VEODV

Where

Nmax = Maximum number of cells needed per battery

Nmin = Minimum number of cells needed per battery

V4. = Nominal voltage of the battery

Venarging = Cell’s charging voltage

Vioad, max = Maximum battery load tolerance computed in %

Vioad, min = Minimum battery load tolerance computed in %

Veopv = End-of-discharge battery cell voltage

When choosing the number of cells between the two limits, always choose the
average number of cells between the two limits for the best outcome.
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Calculating Battery Capacity in Ampere-Hour

This can be computed by use of the following equation
Cmin=Ede(kafktcfkcrt)VVdckmdodkseCmin=Ede(kafktcfkcrt)\Vdckmdodkse
Where

Cmin = Minimum battery desired capacity

Eqe = Total required energy over the backup time (VAH)

kit = Temperature correction factor

kar = The aging factor of the battery

ket = Battery capacity rating factor

kse = System efficiency in percentage

Kmdod = Maximum discharge depth

V4. = Nominal battery voltage

Make sure to choose the battery capacity which is more than the calculated
minimum above.

Let’s take a quick look at the important elements of the formula above.

Battery Capacity Rating Factor. This factor represents the battery voltage
reduction during the discharge process.

The Aging Factor of the Battery. This captures how the battery performance
reduces based on how long it will be used.

System Efficiency. This represents the battery and electronic power losses.
Temperature Correction Factor. The battery cell is designed to work at a
particular temperature and, if this temperature is violated, a correction factor has
to be implemented.

Example of Battery Sizing Calculation
Collect all the connected loads and develop the load profile.

600] Computer
Section

Electronic Software

=3

400) Distribution Section

LOAD (VA)

Digital Cross-Connection|

Secuion

Telecommunication Section

< 6 8 10 12
TIME (HOURS)

Figure 1. Load powered by the battery to be sized. Image used courtesy of
Simon Mugo
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From the figure above, we can compute the total design energy demand. It is
Important to note that the figure represents energy rectangles piled on top of
each other.

« Height represents load (VA)

« Width represents the time (autonomy)

« The rectangle area is the total energy of the load

From the graph,

Design Energy Demand, Ey. = Total areas of the Rectangles in the graph = 2700
Vah

Design Energy Demand, Ege = Ete(1+Kcont) (1+Kam)

Let kcont = 10% and kdm = 10%

Ege = 2700(1+0.1) (1+0.1) = 3267 Vah

Battery Type

For the design calculation example, we are working with the lead-acid battery.
Let’s assume some values as follows to calculate the battery’s number of cells
Ve =120

Vcharging = 2.25V/cell

Vload, max = 30

Vload, min = 15

VEopv = 1.75V/cell

The maximum number of cells that should be required for series connection
Nmax=Vdc(1+Vload,max)VchargingNmax=Vdc(1+Vload,max)Vcharging
Nmax=120(1+0.3)2.25=70cellsNmax=120(1+0.3)2.25=70cells

The minimum number of cells that should be required for series connection
Nmin=Vdc(1-Vload,min)VEODVNmin=Vdc(1—Vload,min)VEODV
Nmin=120(1-0.15)1.75=58cellsNmin=120(1—0.15)1.75=58cells

The total number of cells is the average of the sum of maximum and minimum
which is given by (70+58)/2 = 64 cells

Computing Ampere-Hour Battery Capacity

Let’s assume the following values to compute ampere-hour battery capacity.
Cmin = Minimum battery desired capacity

Ede = 3267VAD

ktcf =0.94

kaf =0.2

kcrt =0.15

kmdod =0.75

Ve = 120V

By use of the parameters listed above, calculate the minimum battery using
Cmin=Ede(kafktcfkcrt)\VVdckmdodkseCmin=Ede(kafktcfkcrt)\VVdckmdodkse

69



Cmin=3267(1.2x0.94x1.15)120x0.75=47.09AhCmin=3267(1.2x0.94x1.15)120
x0.75=47.09Ah
From the above computation, choose a battery size with higher capacity than the
calculated battery capacity above.
Key Takeaways of Battery Sizing
« A battery is the hardware used to supply power to electronic and electrical
devices that need it.
« Battery sizing is the calculation determining the battery size that will
sufficiently support the load.
« The reader has understood the steps that are approached during the sizing
of the battery.
« Readers have been fashioned with the formula necessary for battery sizing
and provided with a fully solved example.
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TEXT 9.4

Overcoming Challenges to Characterize 100V GaN Power FETs/
IIpeononenne TpPyAHOCTEH MNPU XapPaKTEPUCTUKE IIOJIEBBIX TPAH3UCTOPOB
momHocThio 100 B GaN

October 05, 2022 by Ryo Takeda (14 000)

The applications for 100V (and less) GaN FETs are numerous - from reducing
distortion in Class-D audio amplifiers to improving efficiency in synchronous
rectifiers and motor drives.

100 V GaN FETs are popular in 48 V automotive and server applications, as
well as USB-C, lidar, and LED lighting. However, the small size and minimal
packaging parasitics create multiple challenges to dynamically characterize
these power devices. This article reviews the challenges GaN semiconductors
manufacturers face to characterize these devices, as well as some new
technologies that help address these challenges.

In recent years, widebandgap (WBG) devices have significantly progressed in
replacing Si-based power MOSFETs and IGBTs in many power-related
applications. Their fundamental characteristics enable significant improvements
in key areas for power applications. When comparing GaN to Si, it is well
known that GaN’s higher bandgap, higher electron mobility and larger electric
field potential enable important attributes, such as lower losses (i.e., higher
efficiency), faster switching (e.g., > MHz) and a significantly reduced size (i.e.,
higher power density). However, WBG devices have a much shorter history of
use in a variety of power applications compared to Si, especially ‘high uptime’
applications like automotive.

JEDEC® formed the JC-70 Committee in 2017 to develop needed new
reliability, characterization, test methods, and datasheet enhancements to
appropriately characterize GaN and SiC WBG power devices. The existing Si-
based standards were not sufficient to enable designers to determine the most
appropriate WBG devices for their application. For example Rds(on), the main
parameter characterizing conduction losses, is a dynamic phenomenon in GaN,
based on the charge being trapped in the transistor structure (current collapse).
JEP-173 was JC-70’s first publication (issued in January 2019) to provide a
standard for ‘Dynamic ON-Resistance Test Method Guidelines for GaN HEMT
based Power Conversion Devices’.

Examples of 100V GaN FET Applications

One application of the initial Class D audio amplifiers was automobile sound
systems. The amplifier’s lower power dissipation and superior efficiency( >
90%) compared to Class A amplifiers enabled ‘limited power’ automobiles the
ability to have multiple speakers and more sound (> 100W). However, the
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tradeoff for less power consumption was higher total harmonic distortion (THD)
created by slower switching power Si MOSFETs. GaN FETs with significantly
faster switching speeds (up to 10x) and no reverse recovery charge provide
superior linear response and significantly reduced THD. In addition to
automotive applications, recently you’ve probably noticed the boom in portable
speakers. In addition to advances in battery technology, this application is
enabled by efficient, compact Class D audio amplifiers designed with GaN
FETs. Good audio quality is provided because of the lower distortion attributes
of GaN, while the ability to run for extended times on batteries is possible
because of GaN’s high efficiency. There are many other portable consumer
devices that can leverage the same attributes as portable speakers.

Automotive systems are moving toward higher voltage operation (e.g., 48V) as
more electrical power needs develop for autonomous driving, including radar,
cameras, ultrasonic sensors, and lidar. These functions require uninterrupted,
highly reliable power. As the 48V bus emerges as one of the new higher voltage
power systems, efficiency is again the key with a limited power source (i.e. car
battery). GaN technology enables better power density than Si, minimizing
additional weight, size, and thermal management. GaN’s higher frequency
switching, and increased efficiency also reduces necessary passive component
size (e.g., inductors) further minimizing the size of the power converter design.
DC-DC converters (12V — 48V) made from these GaN FETs, enable the
standard 12V power bus to supply power for these emerging automotive system
requirements.

Motor drives (e.g. stepper motors, drones, etc.) is yet another large application
for 100V and less GaN devices. Low losses often remove the need for heat
sinks. GaN enables higher frequency PWM signals and significantly reduces
switching losses. Higher frequency switching reduces/eliminates switch node
oscillations, often requiring snubber circuits in Si-based designs.

The are many evolving applications primed to take advantage of GaN’s superior
performance compared to Silicon. But the challenges to characterizing these
devices follow the themes described above: small size (power density) and
higher efficiency.

Challenges Characterizing 100V GaN Power Devices

The first major challenge is the package size. Many of the 100V (and less) GaN
FET packages are ball grid arrays (BGA) ranging from a few mm in the X and
Y dimensions to sub mm in the X and Y dimensions. These packages have a 2x2
matrix of solder balls to a 5 x 15 matrix of solder balls. Figure 1 shows an
example of an EPC2045, 100 V, 16 A GaN eHEMT device with a specified
RDS(on) of 7 mQ.
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Figure 1. EPC 2045A dimensions (source: EPC2045A Datasheet, 2021.

BGAs like the one used for the EPC 2045A, add little additional parasitic to the

die of the GaN devices, making them ideal to take advantage of the superior
performance of the high-speed switching applications. Why is minimizing
package parasitics important? Primarily for repeatable and reliable dynamic
performance of the device. Higher parasitics lead to more ringing and potential
instability of the switching power FET. Figure 2 shows a standard DPT test
configuration/model with fixture parasitics and the package/ device parasitics.
(NOTE: This picture was taken from Keysight’s article in the April 2020 edition
of Bodo’s Power Systems, entitled, “Overcoming Challenges Characterizing
High Speed Power Semiconductors”. See this article for more details regarding
the effects of parasitics in DPT waveforms.).
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Figure 2. Primary parasitics needing consideration during DPT fixture design.

Because the parasitics of the GaN HEMT and BGA package are so low (e.g.
typically < 1 nH, this GaN FET can switch at very high frequencies (e.g.
1MHz). To enable the high frequency switching energy to be accurately
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characterized, the DPT fixture must also have low parasitics, especially in the
power loop and gate loop. These loops should be designed with low single-digit
nH inductance (e.g. 3 nH or less) in mind to minimize the effect of the DPT
fixture. Ideally, the fixture parasitics are less than the device/package parasitics,
which is extremely difficult to accomplish for these small GaN FETS.

Additionally, creating a repeatable and reliable DUT connection method to
enable a statistically valid sample size (e.g. >10) of GaN FETs to be tested is
very challenging. The ideal situation is to solder each device on the fixture’s
PCA. However, repeated soldering and unsoldering can easily damage a PCA.
The mechanical tolerances needed to repeatably contact a solder ball require sub
mm placement accuracy in both X and Y dimensions (see Figure 1: dimensions
c, d, ande).

As mentioned above, the other major challenge is repeatably characterizing the
GaN FET’s efficiency. There are three dynamic parameters that are the main
factors that influence efficiency: 1) conduction loss, 2) switching loss, and to a
lesser extent 3) drive loss.

1. Conduction Loss (Rds(on)) — As mentioned above, Rdson)is a dynamic
measurement for GaN HEMT devices. The JEP-173 provides guidelines for
measuring and extracting this parameter. What is needed to determine this
parameter repeatably and reliably is a very low parasitic DPT fixture providing
clean Vas and Id switching waveforms. In addition, a fast clamp circuit is needed
to settle quickly, enabling a measurement of the clamped Vds and Id 50-500ns
after the switching event. These techniques will provide the best
Rds(on) measurement to compare against stress voltages and timeframes to
characterize the current collapse in the GaN FET structure.

2. Switching Loss (i.e., td(on), tr, E(on), td(off), tf, E(offf) — These parameters are
specified in the IEC 60747-8 standard and are typically specified in Power FET
datasheets. The ability to measure and extract these parameters repeatably and
reliably is highly dependent on the fixture design and minimization of parasitics.
Test conditions typically include Vds, ld, Vgs, Sometimes the Lload, but almost
always the gate resistor Rg. Rgis one of the main controls of the gate drive
speed and, ultimately, how hard the device is turned on. Most ideally, Rg is a
small value, allowing for a fast-switching transition. However, if the DPT
fixture design is not optimized and has unwanted parasitics, then a larger Rg is
needed to slow down the switching waveforms to minimize ringing.

3. Drive Loss (i.e., Qg) — Drive loss is typically the smallest of the losses.
Repeatable and reliable measurement and calculation of gate charge (Qg),
requires clean switching waveforms, specifically Vgs and lg. Minimal gate loop
parasitics are critical for clean waveforms.
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Repeatable and Reliable Dynamic Characterization of 100V Gan FET

The key to obtaining repeatable and reliable dynamic characterization of small
GaN FETs is in attention to detail of the DPT fixture design. An EPC 2045A
described in Figure 1 was used as the target DUT.

Design Modifications to Keysight’s Customized GaN Solution

In the article “GaN Power Semiconductor Device Dynamic Characterization” in
Bodo’s Power System October 2020 edition, Keysight’s solderless DUT
connection technology (Figure 3 & Figure 9) for the PD1500A Dynamic Power
Analyzer/Double Pulse Tester was presented. However, this connection
technology had not been tested with as small a device as the EPC 2045A (1.5
mm x 2.5 mm), requiring repeatable connections to the gate, a single 44.5 um2
round solder ball target. Fixturing and registration of these small GaN FETs are
critical. A customized board for this device was developed to determine if
Keysight’s solderless contact technology would provide repeatable results for
this challenging device (see Figure 3).
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Figure 3. Customized GaN board for EPC 2045A.

After a couple of design iterations to the device holder, including spring tension
on the top plate and alignment holes for the base plate part registration, we
successfully tested multiple sets of parts with this design.

To further minimize loop areas for the gate loop and power loop, a multi-layer
PCB was leveraged, enabling trace routing within different layers to minimize
the loop areas. The gate drivers and replaceable Rg daughter boards were placed
on the back side of the PCB, further reducing loop areas.

Finally, a simplification of Keysight’s patent pending current sensor technology,
also mentioned in the October 2020 article, allowed the shunt to be placed closer
to the DUT, reducing power loop area, while further minimizing the insertion
inductance of the sensor. Together, these modifications to Keysight’s existing
customized GaN solution enabled industry-leading results for devices like the
EPC 2045A.

Conduction Loss (Rds(on))Results

The test system setup to measure dynamic Rds(on) is shown in the table below.
To measure the repeatability of the system, 10 tests were performed using the
same EPC 2045A GaN FET, reseating the device in between each test. The
other table below shows the results. A Max/Min measurement variation of less
than 10 mQ is very good for a solderless DUT connection technology. Keysight
has ideas for further improvement of this critical parameter.
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Figure 4. Example waveform of Rds(on) measurements.

Switching Loss Results

The test system setup to measure dynamic switching losses, along with some of
the standard switching time parameters, is shown in the table below. To
thoroughly understand the sources of variation, two groups of 10 measurements
were made. The first group looped the DPT 10 times without reseating the part.
This enabled an understanding of the variability of the instrumentation
measurements and extraction algorithms. In the second group of tests, the GaN
FET was reseated in between each test, as was done with the Rds(on)
measurements. Statistics were performed for both the Turn-on and Turn-off
waveforms (see Figures 5 & 6).

Double Pulse Test Setup

Vs 60 V

ld 15A

Vs 5V/-1V

Ry 4.7 Q

L Load 207 pH
Extraction Standard IEC 60747-8
Temperature ~25°C
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Figure 6. Example waveform of Switching Loss measurements — Turn off.

The results of the statistical analysis are shown in the tables below. It is clear
there is not much measurement variation in results when the EPC 2045A was
not removed in between tests. Max/Min variations of the switching time ranged
from ~ 50 ps to ~ 135 ps. While the switching loss Max/Min variations were

only 58 nJ and 79 nJ.

78



W/O Part Removal td(off) (s) tf (s) E(off) (J)
Avg 9.85114E-09  4.57048E-09  1.0009E-06
Max Value - Min Value 1.3592E-10 6.715E-11 0.000000079
STD/AVG 0.40% 0.40% 2.37%
W/O Part Removal td(off) (s) tf (s) E(off) (J)
Avg 5.49961E-09 2.72765E-09 2.7803E-06
Max Value - Min Value 1.3465E-10 4.875E-11 5.8E-08
STD/AVG 0.75% 0.54% 0.68%
With Part Removal td(off) (s) tf (s) E(off) (J)
Avg 9.969E-09 4.34448E-09  1.0223E-06
Max Value - Min Value  2.44141E-09  1.39377E-09  0.000000127
STD/AVG 6.52% 11.05% 3.19%
With Part Removal td(off) (s) tf (s) E(off) (J)
Avg 5.97761E-09 2.85528E-09 2.9956E-06
Max Value - Min Value 1.74626E-09 5.03222E-10 7.18E-07
STD/AVG 8.07% 5.15% 6.98%
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Figure 7. Power Loop Inductance, LPL = Vdroop / dld/dt =9V /5.363 GA/s =
1.68 nH.

Even when removing parts, Max/Min variations in the sensitive time
measurements were only ~ 500 ps to ~ 2.5 ns and the Max/ Min switching loss
variation was less than 1 pJ. These are excellent results, considering the size of
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the part, a solderless connection, and the difficulty in minimizing parasitics. Not
surprisingly, the power loop inductance of the customized GaN board is less
than 2 nH (see Figure 7).

Double Pulse Test Setup

Vds 60 V
Id 15 A
Vgs 5V /-1V
Rg 100 Q
LLoad 207 uH
Extraction standard JESD 24-2
Temperature ~25°C
Qg (©) 5.99E-09
Qth(C) 1.19E-09
Va(pl) (V) 2.19
Qgs(JEP24-2) (C) 1.86E-09
Qgd(JEP24-2) (C) 4.60E-10

Drive Loss Results

The final parameter affecting losses for the power device is Qg. The test system
setup to measure and extract Qg is shown in the table above, along with a table
reflecting the result of a single measurement of typical Qg parameters. Excellent
results were obtained in a large part to the close to ideal raw Qg waveforms and
extracted gate charge graph (see Figure 8).

Qg
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Image used courtesy of Bodo’s Power Systems [PDF]
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Figure 8. Extracted Qg graph (Vgs vs Qg) and Raw Qg DPT waveform.
Summary

Lower voltage GaN FETs (i.e., 100 V) are reducing size, minimizing cooling
requirements, and improving efficiency for many traditional Si-based power
MOSFET applications. As discussed, there are many challenges to repeatably
and reliably characterize the dynamic performance of these devices. The careful
and thoughtful mechanical and electrical design of a customized GaN fixture
and test board can overcome many of these challenges, enabling a confident use
of these new WBG devices in your power converter designs.

To learn more about Keysight’s PD1500A Dynamic Power Device Analyzer
and our customized GaN boards, please wvisit the website
(https://www.keysight.com/find/PD1500A). Look for future articles from
Keysight with more discussion regarding repeatable and reliable Double-Pulse
Test results.
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October 10, 2022 by Amna Ahmad (76854)

A frequency filter is a circuit that passes certain frequencies and reduces signal
levels at other frequencies. Learn about various types of inductive filters and
their power and communication systems applications.

A filter blocks unwanted signals or noise voltages and passes wanted signals
with little or no attenuation. Filters are usually classified according to frequency
characteristics; a low-pass filter passes low-frequency signals and attenuates all
frequencies above a selected cutoff frequency. Similarly, a high-pass filter
passes only those inputs with frequencies above the selected cutoff frequency. A
bandpass filter passes signals within a selected frequency band, and a notch (or
band-stop) filter blocks frequencies within its band.

Frequency filters are used to eliminate harmonics. Power lines also pick up
interference (noise) caused by lightning strikes and machine-made radiation
from devices like high-power transmitters or radiation devices. This type of
interference can cause problems with other types of devices that may be on the
line. Frequency filters are used to remove these undesirable signals.

Basic Types of Inductive Filters

The functions of various types of filters are illustrated by the waveforms and
typical frequency response graphs below.

Low-Pass Filters

A low-pass frequency filter is a filter that allows all frequencies below a selected
frequency to be applied to a load and blocks all frequencies above that point, as
shown in Figure 1. The simplest filters consist of an inductor connected in
series with a load. Low-pass filters are typically used in DC power and audio
applications.

At 0 Hz, an inductor has zero reactance, and the total source voltage is across
the load. Under this condition, there is maximum current flow through the load.
As frequency increases, reactance increases in direct proportion. Some source
voltage is dropped across the inductor, reducing current flow through the load.
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Figure 1. Waveforms and frequency response for a low-pass filter.

The input waveform for the low-pass filter in Figure 1 is composed of a low-
frequency signal with an unwanted high-frequency input superimposed. The
low-frequency input is reproduced at the output with very little attenuation,
while the high-frequency noise voltage is severely attenuated.

The gain/frequency response graph for the filter is a graph of vo/vi plotted versus
frequency (f). As illustrated in Figure 1, the filter has a low-frequency pass-band
where the output voltage approximately equals the input (vo/vi=1). The pass-
band applies to all signal frequencies from zero up to the cutoff frequency. For
input frequencies above the cutoff frequency, volvi is less than one and rapidly
falls off to lower values. So, as shown by the graph, signals with frequencies
above fc are attenuated.

High-Pass Filters

The high-pass filter in Figure 2 passes high-frequency input voltages and
attenuates low-frequency inputs. In this case, the pass-band is above the cutoff
frequency (fc), and the attenuation band is below fc. So, low-frequency inputs
are attenuated while high-frequency signals are passed to the output terminals.
Like low-pass filters, combinations of inductive-resistive-capacitive circuits are
designed for this purpose.
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Figure 2. Waveforms and frequency response for a high-pass filter.

The simplest of these filters is an inductor in parallel with a load. High-pass
filters are typically used in communications applications, such as radio and
television broadcasts, and in residential appliances to eliminate the effects of 60
Hz noise.
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Reject frequencies are the ones that are rejected due to amplitude or size. The
inductor presents a low reactance at the reject frequencies, which shunts the
current around the load resistor. As frequency increases, inductive reactance
increases until it is equal to the value of the load. A sharp cutoff curve for a
high-pass filter can be obtained using a resonant circuit. At this point, the high-
pass band of frequencies flows through the load, delivering half power or more.

Bandpass Filters

A bandpass frequency filter is a filter that passes signals between selected
frequencies. A bandpass filter application is illustrated in Figure 3. In this case,
a band of frequencies is affected between two cutoff frequencies (f1 and 2). As
illustrated, the bandpass filter passes a middle range of signal frequencies within
its pass band and blocks signals frequencies above and below the pass band.
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Figure 3. Waveforms and frequency response for a bandpass filter.

Resonance can be used to allow one band of frequencies to be delivered to a
load. The simplest circuits are a series resonant circuit and a parallel resonant
circuit. Bandpass filters are typically used in communications applications to
tune frequency bands.

In a series resonant circuit, capacitance has high reactance below the resonant
frequency, and inductance has low reactance below the resonant frequency.
Above resonant frequency, the capacitance has a low reactance, while
inductance has a high. At the resonant frequency, the inductive reactance equals
capacitive reactance, and maximum current passes through the load resistor.
Using a bandpass filter, the band of frequencies passed to the load includes
those between the half-power points of the curve.

The same bandpass circuit can be obtained using a parallel resonant circuit in
parallel with the load. Below resonant frequency, the inductive reactance is low,
and the current bypasses the load. Above resonant frequency, the capacitive
reactance is low and shunts the current around the load. At the resonant
frequency, the impedance of the parallel circuit is at its maximum value, causing
the maximum current flow to the load. Resistance limits current flow in the
circuit when either the capacitive or the inductive reactance equals zero.
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Bandpass filters are used in the reproduction of audio frequencies in stereo
speakers. Typical stereo speaker systems have three loudspeakers: small
(tweeter), midsize, and large (woofer). A crossover network is an arrangement
of bandpass filters to route the appropriate signal to the proper loudspeaker.

Band-Stop (Notch) Filter

A band-stop frequency filter is a filter that reduces signals between selected
frequencies. Using a band-stop filter, selected frequency bands can be prevented
from reaching the load, as shown in Figure 4.
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Figure 4. Waveforms and frequency response for a notch filter.

Filtering selected frequency bands is accomplished using a series/parallel
resonant circuit designed with a stop band. Band-stop filters are typically used in
applications to remove a certain frequency, such as 60 Hz.

When a series resonant circuit is placed in shunt with the load resistor, the series
resonant circuit, at its resonant frequency, will short most of the current around
the load resistor. Since this arrangement acts as a short circuit, a resistor is used
to limit the current flow from the source to a safe level.

Current flow from the source can also be limited by placing a parallel resonant
circuit in series with the load. At resonance, placing a parallel resonant circuit in
series with the load presents a very high impedance to the source, limiting
current flow through the load. The maximum current flow in this circuit is
limited by the load's value and the source voltage's value.

Key Takeaways of Frequency Filters

Frequency filters are combinations of inductors, capacitors, and resistors that
make it possible to select or reject bands of frequencies. The characteristics of
different combinations of these components make it possible to select broadcasts
from one radio or television station while excluding others. Frequency filters are
generally used for power applications (to eliminate harmonics) and
communications applications (to attenuate undesirable frequency signals).
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TEXT 9.6

The Evolution of Integrated Current Sensors Takes a Digital Path/
OBontoursa BCTpoeHHBIX TaTYMKOB TOKA UAET MO HU(PPOBOMY ITyTH

October 04, 2022 by LEM (8912)

So far, the evolution of integrated current sensors (ICSs) has been slow and
gradual. Current measurement technology has been developed increasingly over
the years to focus on the miniaturization of high-density components that can
also deliver high levels of performance. Bulky sensors are inevitably losing their
market share as more streamlined competitors enter the market.

A recurring question is how to get ahead of the market and determine what users
require. Finding out this information and then developing products to meet those
needs demands a top-down and bottom-up approach, in which forecasting
market trends sits alongside customer-based surveys. Customers usually know
what they want from their ICSs, and their feedback has proved essential in
driving this evolutionary process.

Input from customers has helped identify the top four key elements to look for
in current sensors:

performance over temperature — this relates to drift and sensitivity offset and is
the single most important feature

how much current an integrated solution can handle. A small current sensor with
an integrated primary limits how much current it can support — 30 amps or 50
amps continuous — and technological breakthroughs come about by pushing
these limits

over-current detection — a threshold for protection with overcurrent continually
being monitored

insulation (basic or reinforced based on the system voltage) can be a key factor
in the choice of sensor
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Figure 1. HMSR DA block diagram.
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Closed Loop and Open Loop

In recent years, users have benefited from closed loop Hall effect technology —
LEM designed a special closed-loop Application Specific Integrated Circuit
(ASIC) — and then open loop technology which presented a much lower cost
solution. This technology led to the development of the HLSR series of current
transducers, a compact, low-cost PCB-mounted solution which took
miniaturization to new levels.

Next on the evolutionary path came the HMSR, a high insulated ICS designed to
satisfy the continuous market requirements of cost reduction, performance
Improvements and miniaturization. This new series saw the expansion of
miniature current sensors for AC and DC isolated current measurement in highly
demanding, switching power applications for commercial and industrial
markets. Microcore-based open loop sensors with reinforced insulation and
overcurrent detection, the HMSR units featured a low-resistance primary
conductor (to minimize power losses), a miniature ferrite and a proprietary
ASIC to allow direct current measurement and consistent insulation
performance. All of these features made the HMSR ideal for high voltage
applications that demand high precision and significant immunity against
external fields. The micro magnetic core meant the device was particularly
useful in power electronic applications that tend to experience high levels of
disturbance.

Figure 2. Sensors form factor reduction.
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Figure 3. HMSR DA effective resolution vs / PN.

For these reasons, power electronics engineers have been using analog HMSR
sensors successfully for many years to measure DC and AC currents. They have
particularly enjoyed the benefits of a compact current sensor with strong
Immunity to stray fields, reinforced isolation and a 300kHz bandwidth.

The latest solution in this continuing evolution of integrated current sensors is
the HMSR DA, the first ICS on the market to offer Sigma Delta bitstream output
while measuring low current and still delivering high resolution. Using a digital
signal means a fixed delay is introduced onto the sensor’s output (also known as
response time) while quantization noise from the analog-to-digital converter
(ADC) is reduced significantly and the digital filter ensures even better
resolution of a Sigma Delta modulator (SDM) through noise shaping. Creating
an ADC is simple by combining the modulator with a digital filter. Advantages
of this include a reduced number of connections, each user being able to define
their own system performance levels, and users making two or more converters
with different performances. This kind of architecture is particularly well suited
to inexpensive CMOS processes.

Another characteristic of a digital current sensor is the settling time, also known
as response time or delay. With a 10MHz clock and 128 oversampling ratio
(OSR), the settling time of an SDM would be around 38.4us. Yet another benefit
of using a Sigma Delta output bitstream is the flexibility offered, meaning that
different digital low pass filters can be applied on the customer side, depending
on the specific needs of the application. The user has a choice of using a high
order slower filter if a high-resolution result is required or a smaller order faster
signal for more rapid results but in lower resolution.

88



HMSR DA resolution vs OSR (sinc3)

OSR can go down to 64 and still have above 11 bits of ER on most cases

Figure 4. HMSR DA effective resolution vs OSR.
Typical ICS Applications

The market is proving to be receptive to an ICS delivering digital output because
it offers superior signal shape and lower noise levels simultaneously with a
reduced cost and smaller mechanical footprint. Typical applications for this kind
of ICS include robotics, servo drives, sewing machines, CNC machine tools,
welding equipment and automated guided vehicles (AGVSs).

Recently, the automotive sector has begun to show an interest in these sensors.
R&D organizations and expert makers who feed into this market are excited by
the fact that a digital solution is immune to external noise — including electric
and magnetic noise — which is notorious for causing major difficulties when
using analog signaling.

On the Digital ICS Roadmap

The HMSR DA sensor — seen as the first step along LEM’s digital ICS roadmap
— is literally the first of its kind on the market, offering users resolution of
between 11 and 13 bits and a 10MHz clock.

The ultimate goal would be to approach the current levels of traditional sensors
using an integrated current sensor. At the moment, the HMSR DA can support
30 Arms continuous at 125°C and 75 amps peak but subsequent generations
would look to support 100 amps continuous while still being extremely compact
and PCB mounted. Future versions will also aim to eliminate the need for a
magnetic microcore, which will improve frequency response and do away with
potentially problematic magnetic disturbances.

Ideal for applications that are prone to noise, distortion and interference, the
HMSR DA achieves genuine cost savings by enabling customers to economize
on their bill of materials (BoM). It does this by replacing in a single unit a much
more complex and costly alternative system that traditionally includes a shunt
resistor, a digital isolator, and low/high power supply circuitry with diodes and
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capacitors. The shunt is by no means the best solution because of thermal noise
when dealing with high currents. Another problem is the space required to
contain these separate pieces of equipment, whereas with the HMSR DA there is
just one chip that does the same job of those three elements and directly delivers
the output to customers. The new sensor also provides customers with features
that are not available with those separate units, such as an ASIC and over-
current detection that the shunt does not offer.
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Figure 5. Sigma Delta output is very flexible to use.
Formulating System Design

In addition, different output modes are available — single with the bitstream and
the clock but also differential, eliminating the need to purchase output drivers to
convert from single mode to differential. A solution based around RS-422 data
and an LVDS (low-voltage differential signaling) receiver will deliver output
and inverted output as well as clock and inverted clock, which is important
when handling differential signals because it becomes possible to remove all
noises while operating at low power and high speeds. With the new digital
sensor, all these features are incorporated into a single unit.

It is expected that the HMSR DA sensor will enable engineers to look at new
ways of formulating their system design. Customers will also be able to use
filters to adapt the sensor to meet their specific requirements when working in
any industry that needs clean signals but is traditionally subjected to electric
noise, vibrations and magneto-electronic noise. Distortion and interference are
significant problems in such highly demanding applications and only by pushing
the boundaries in terms of digital output can truly ground-breaking
developments that address the issues of noisy systems reach the market.

Digital output is still in its infancy and, even today, some customers may still be
hesitant to go down this route. However, it is a powerful future trend that will
become far more widespread in the coming years. That’s why it is essential to be
in on the ground floor with this technology and to encourage credible feedback
from users on the viability of applying digital output solutions in their sector.
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TEXT 9.7

PCB Power Loop Layout for Chip-scale Package GaN FETs Optimizes
Electrical and Thermal Performance/ Cxema koHTypa NMHUTaHHs IMEYaTHOU
miaTel 11 MUKpocxemHoro nakera GaN Fets ontuMusupyer 3yeKTpuyecKkue u
TEIJIOBBIE XapaKTEPUCTUKHU

October 03, 2022 by John Glaser (10211)

In this article, different power loop layouts are analyzed with simultaneous
considerations for thermal management and electric parasitics.

The results show that an improved layout can provide a significant reduction in
operating temperature rise while maintaining electrical performance benefits.

Wide bandgap (WBG) power semiconductors like Gallium Nitride (GaN) have
demonstrated better switching performance, high reliability and temperature
capability with Figures of Merit (FOM) 3 to 10 times larger than comparable
silicon devices [1]. GaN devices with small die size and on-resistance (Rps,on)
reduce parasitic capacitance and inductance, increase switching speeds, and
reduce switching losses allowing for much higher power densities and
efficiencies. Higher frequencies would require some design attention to layout
improvement to minimize added thermal resistance and inductance [2].

Existing PCB Layout Approach

The power loop layout considered in this article is the half-bridge configuration
around which most power conversion layouts are built, comprising two power
semiconductor switches and a bypass capacitor as shown in Figure 1. The
inductor (1) averages the output voltage level of the switch node vsw = Viow, and
the capacitor CHr, while in theory not required since it is in parallel with VHicH,
Is required in practice to provide a low impedance path for high-frequency
currents.

= GND

Figure 1. Typical half-bridge building block. Parallel plate shorted transmission
line (a). Half-bridge layout employing low-impedance transmission line as
power loop structure with corresponding dimensions (b)

and edge view of same (c).
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The PCB design that minimizes power loop inductance, estimated by Ljoop= 10 -
1 - t/w, has been previously discussed [2]. Figure 1(b, c, d) shows a PCB
implementation of the power loop. In summary, a PCB layout should minimize
length and thickness while increasing the width w. This can be accomplished by
the placement used in the layout of Figure 1(c), | and w are determined by the
physical dimensions of the components, and t is set by voltage requirements or
PCB manufacturability constraints.

The Buck Converter Thermal Challenge with Existing Layout

With the temperature of the switching devices becoming the limiting factor for
electrical activation levels in many applications, improving heat dissipation has
also become the main design consideration, especially at the PCB level, which
plays a major part in removing heat from the FETs [3]. In a buck converter of
Figure 1, Qi is under a larger thermal load since it exhibits both switching and
conduction losses, while Q2 only exhibits conduction loss. Figure 2 (Layout A)
shows an exploded view of the standard layout of Fig. 1 (c). Thermally, the top
layer has a higher resistance path for Q1, because of the interrupted copper plane
by CHF. Q2, on the other hand, has a clear copper plane for heat to effectively
spread into the PCB and eventually dissipate to ambient. Moreover, fewer vias
are available for Q; to avoid heavily perforating the GND return path. Therefore,
Layout A is not thermally optimal for buck converter applications and an
improved layout is needed to accommodate the higher losses without
Q1 overheating.

a) ‘,:‘:‘\-GND (b) oo (Q f‘ x\ )
Figure 2. Exploded view of power loop layouts with reference node and return
path (GND) highlighted in green (Top). Top view of same with heat flow paths
indicated by arrows (Bottom).

Considering a boost converter application on the other hand, the roles
of Q1 and Q; are reversed, with Q2 having the higher loss, in which case, Layout
A performs well since Q2 has a lower thermal resistance.
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Optimizing Layout for Buck Converter

As a rearrangement to thermally improve Layout A for buck operation, CHF can
move to the side of Q; since both are connected to GND (Layout B in Figure 2).
This would require the use of layer 2 as a VHIGH plane, which still acts as an
AC reference plane, and the dimensions|, w,andtare unchanged.
Thermally, Q: now has a good path to ambient and thus Layout B should
perform better thermally under buck operation, but worse under boost operation
since Q2 is now obstructed by CHF.

Eliminating the Tradeoff with a Capacitor-Centered Layout

For cases where a wide converter operating range, or bidirectional conversion is
needed (Buck and Boost), Layout A or B are thermally restricted to one FET or
the other. Moreover, in both layouts, Q; and Q; are closely placed and thus the
heat generated is concentrated in a smaller area. These issues can be solved in
Layout C by placing CHF in between Q; and Q2. In Layout C, Q; and Q; are
connected through the switch node (SW) in layer 2 shown in Figure 2. Layout C
obeys the rules to minimize loop inductance, and while it is conventional to
place the switch and signal nodes on the outer layer, it is not required for low
impedance. The two nodes Vuicn and Viow are at the same AC potential due
to Cyr and thus together form an AC reference plane and do not affect loop
inductance.

The thermal benefits are that Layout C increases the spacing between and
provides unobstructed copper planes for both Q; and Q2. Also, there is more
room for adjacent vias, the return plane is less perforated, and the switch node
can be shielded by DC planes with potential EMI benefits.

Some possible drawbacks, not significant in practice, are that the farther spaced
FETs may need a longer gate drive path when using a single package gate drive
IC, and in some cases the capacitors may be taller than the FETs, which must be
accommodated when mounting a heatsink.

Analysis and Verification

To test the above design proposals, hard-switched converters are used for their
ease of design and well-understood behavior. The thermal performances of the
three layouts design are compared in buck and boost operation. Identical boards
with each power loop layout are designed and manufactured. The
voltage Vuicn Is selected at 150 V which is a typical value for the FETs used
for Q1 and Q.. The conversion ratio is fixed at VLOW/VHIGH = 0.25, which
implies that Qi operates at a duty cycle of 0.25 and Q2 at 0.75. The dc inductor
current is fixed at IL = 15 A, since this is near the saturation value of the
inductor and a moderate value for the selected FETs. Thus, the converter
processes 562W in all test cases. A switching frequency FSW = 100 kHz was
chosen to give realistic FET power dissipation values. The above test parameters
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are the baseline for the conducted tests. Q is thermally overstressed in buck
mode and Q> in boost mode.
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Figure 3. @) Loss simulation results, b) Switch node voltage vSW for buck
converter Q1 turn-on transitions.

Electrical Simulation and Measurements

To estimate the heat dissipation in the FETS, electrical simulations were done in
LTspice™ which included estimated PCB parasitics. FET losses were simulated
as a function of set frequency, duty cycle, and temperature. Results are shown in
Figure 3a.

The switching performance is measured to show the inductance difference
between the different layouts. The switching waveforms presented in Figure 3b
show the switch node voltage for the turn on of Q; during buck operation. It can
be seen that the three layouts show small differences in the ringing, indicating
small effects on the parasitic inductance.

Thermal Testing Setup

Thermal testing is performed in a forced-air cooling test chamber with
controlled airflow. Figure 4 shows the test connections and experimental setup.
For thermal measurements, a 200 um-wide hole is drilled through the PCBs in
between the pads to provide access for an optical thermal sensor (OPSense®
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OTG-F sensor). This sensor is EMI immune and has an extremely small thermal
mass.

Helder for optical fiber
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Figure 4. a) Electrical Connections to motherboard and test PCB for thermal
testing. b) Optical sensor measurement setup showing PCB drill holes for fiber
optic sensor.

Thermal Simulation Model

Thermal simulations are performed using 6SigmaET [4], a commercial thermal
and CFD software, to verify the measured observations. The PCB layouts are
imported into the software with all the details required (copper conductors, vias,
devices). Representative data points are used to validate with measurements.

Forced Air Convection Results

The first set of measurements is performed for the three layouts at 400 LFM air
flow. From the thermal simulation results in buck and boost configuration given
in Figure 3, the maximum temperature on the high side FETs shows that Layout
A has a thermal advantage in boost, while Layout B is more effective in
dissipating heat in buck mode.

Figure 5. Measurement (IR and fiber optic temperature sensor) and simulation
results (surface temperature) for Layout C in boost.
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Layout C, when compared to A and B, has similar (within 5%) or better thermal
performance than A and B in their optimal operation mode (A in boost and B in
buck mode) and a significant improvement over layouts A and B in their sub-
optimal operation mode (A in buck mode and B in boost mode). Figure 6
presents the measured Qi and Q, temperatures in for the three layouts in buck
and boost operation. The results show that there is no thermal penalty for layout
C in bidirectional operation, whereas thermal performance is significantly lower
for layout A in buck (10% higher temperature) and B in boost (25% higher
temperature). Additional testing with heatsinks show a similar conclusion, with
lower temperatures due to better cooling effectiveness and a larger spacing
between Q1 and Q- in Layout C [5].

Buck Operation Boost Operation
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Figure 6. Summary of Measurement Results and Temperature Rise Comparison
for the three Layouts.

The three layouts A (Cnradjacent to Q1), B (Cnradjacent to Qz), and C (
between Q; and Q) show comparable electrical performance, with minor
differences observed in the ringing frequency. Experiments support the
supposition that under typical design conditions, Layout A is thermally
optimized for boost converter operation and Layout B for buck operation.
Layout A is thermally challenged under buck operation and Layout B under
boost, showing a large thermal penalty (high peak temperature) if not operated
In their optimal mode.

Layout C provides a large unobstructed copper plane and a larger spacing
for Q1 and Q2 which improves overall thermal performance to what is at least
equivalent and often better that Layouts A or B. Layout C is shown to be
thermally viable for any operating condition and is particularly suited to wide
range applications such as inverters, Class D amplifiers, and solar optimizers, as
well as bidirectional applications such as battery interfaces with minimal
drawbacks observed in testing.
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TEXT 9.8

Resonance Explained/ Pezonanc O0bsicHeH
September 29, 2022. by Simon Mugo (8700)

This article introduces resonance and how it is related to impedance and
admittance, the parallel and series RLC circuit resonant design, calculations of
its parameters and electrical quantities, and the application of the resonance
circuits.

In electric circuits, there are energy-storing elements like capacitors and
inductors. The energy-storing elements are what cause resonance. Resonance is
the driving concept behind the working principle of TV and radio receivers,
allowing viewers to select desired frequencies for their TV channels.

Electrical Resonance

For electrical resonance to occur, there must be a cancelation of admittances and
impedances of the elements of the circuit at a given resonant frequency. In some
special circuits, this can only occur when the impedance between the output and
input of the system is about zero and its transfer function is closer to one.

There exist two types of resonance that are series and parallel. These
configurations exist based on how elements of the circuits are connected—in
either series or parallel. This article presents a wider scope of series and parallel
resonance.

Series Resonance

In this type of resonance, all the circuit passive elements are connected in series
in what we refer to as a series RLC circuit. Look at the series RLC circuit in
Figure 1 below with values represented in the phasor (sexrop) domain.

iX, Q —iX-Q

| RO JAL J Icl
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" + W - +u—
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.+_

Figure 1. Series Resonance Circuit.

The inductor, resistor, and capacitor which form part of the passive elements are
connected in series with the sinusoidal voltage source which serves as the input;
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Apply Kirchoff’s Voltage Law around the given loop in the circuit:
\[V-V_{R}-V_{L}-V_{C}=0\]

Replacing the values of the inductor, resistor, and capacitor in the above
equation gives:

\[V-IR-1(jX_{L})-1(-jX_{C}H)=0\]
Rearranging the equation:
\[V=IR+I(jX_{L})+I(-jX_{CH\]
Further rearrangement:
\(V=I[R+j(X_{L}-X_{C})].......... \)(1)

Note that equation 1 above is in the form of V = IZ and therefore, the impedance
Z is shown by the equation below:

\[Z=R+j(X_{L}-X_{CHIN
Electrical Quantities and Parameters at Resonance

The series RLC resonance circuit will have several parameters and electrical
quantities when at resonance and it shall be very significant if we derive them in
this article.

Resonant Frequency

This is the frequency at which resonance occurs and is denoted as fr. When you
have a series RLC circuit, resonance when the impedance Z term is equal to zero
that is the difference between the value of XL — XC gives us zero.

Equating the above to zero gives us:
\IXA{L}=X_A{C}HI

Substituting \(X_L = 2\pi fL\) and \(X_{C}=\frac{1}{2\pi fC}\) in the equation
above gives,

\[2\pi fL=\frac{1}{2\pi fC}\]
Making f the subject of the formula gives:
\[f=\frac{1}{(2\pi)\sqrt{ LC}}\]

This translates to the resonance frequency of the series RLC circuit which can
be written as:

\[T_{r}=\frac{1}{(2\pi)\sqrt{LC}}\]
Where C is the capacitor's capacitance and L is the inductor's inductance.

While the series RLC resonant frequency is independent of the resistor R, it
always depends on the capacitance C and inductance L.
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Impedance

From earlier derivations, we found that impedance Z of the series RLC circuit is
given by:

\[Z=R+](X_{L}-X_{CHIN
But
\IX_{L}=X_{C}]
And substituting this in the impedance Z equation, we get
\[Z=R+j(0)\]
Hence
\[Z=R\]

This explains that the impedance Z of the series RLC circuit is equal to the
resistance R in the circuit.

Current | Flowing Through Series RLC Circuit
Earlier we derived equation (1) as
\[V=I[RA(X_{L}-X_{CHI\]
Let’s substitute XL=XC into the equation.
Therefore,
\[V=I[R+j(0)]\]
\[V=IR\]
Making | the subject of the form gives
\[I=\frac{V}{R}]
And this is the current flowing through the series RLC circuit at resonance.

In the series RLC circuit, the impedance arrives at the minimum value at
resonance. Therefore, the maximum current of the series RLC circuit is attained
at resonance.

Voltage Across Resistor
The voltage that goes across the resistor is given by the formula
\[V_{R}=IR\]
Let us substitute the value of | in the equation
\[V_{R}=(\frac{VHR})R\]
Canceling R out we find that
\[V_{R}=V\]
And that gives as the voltage across the resistor
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Voltage Across Capacitor
From the circuit above, the voltage across the capacitor is given by:
\IV_{C}=1(-1X_{CP\
Substituting the current | value in the equation
\[V_{C}=\frac{VH{R}Big(-jX_{C}\Big)\]
Opening the bracket
\[V_{C}=-j\Bigg(\frac{X_{C}}{R}Bigg)V\]

But we know that \(\frac{X_{C}}{R} = Q-Factor\),Hence, the equation
becomes

\[V_{C}=-jQV\]
And this is the voltage across the capacitor at resonance.

The magnitude of the voltage across this capacitor at resonance can be found to
be

\[IV_{C}=QV\]
Voltage Across Inductor
This is given by

\IV_{LF=1GX_{L}\]
By substituting the value of I in the equation;
\[V_{L}=\frac{ VH{R}I({X_{L}P\]
Rearranging
\[V_{L}=j\Bigg(\frac{X_{L}}{R}\Bigg)V\]

Hence

\[V_A{L}=j1QW\]
And this gives the voltage across the inductor at resonance.
The magnitude across the inductor at resonance will be

\[IV_{L}=QW\]
It is significant to take note that series resonance RLC circuits are named
voltage magnification circuits because both the magnitude of the voltage across

the capacitor and inductor is equal that voltage is equal to Q times the input
voltage V.

Parallel Resonance

This is the resonance that occurs on the parallel RLC circuit. Let’s look at the
parallel RLC circuit below which has a phasor domain representation.
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Figure 2. Series Parallel Resonance Circuit.

In this circuit, it is evident all the passive elements’ connection is in parallel
with the input sinusoidal current source.

We have labeled node P in the same circuit and can write the nodal equation at
this point.

\[-1+1_{R}+1_{L}+I {C}=0\]
By introducing the value of currents across the elements into the equation.
\[-I+\frac{VH{R}+\frac{V}H{jX_{L}}+\frac{V}{-jX_{C}}=0\]
Rearranging the above equation, we get:

\(I=V\Bigg[\frac{1}{R}+j\Bigg(\frac{1}{X_{C}}-
\frac{1}{X_{L}}\Bigg)\Bigg].......... \)Equation 1

The equation above is of form | = VY

Where Y is the admittance of the parallel RLC circuit.

Therefore, admittance will be given by:
\[Y=\frac{1}{R}+j\Bigg(\frac{1}{X_ {C}}-\frac{1}{X {L}}\Bigg)\]

Resonance Electrical Quantities and Parameters of the RLC Circuits

Here, we will focus on the derivation of electrical quantities and parameters of
the parallel RLC circuits at resonance.

Resonant Frequency
Here, resonance occurs when the term of the imaginary admittance is zero.
\[\frac{1}{X_{C}}-\frac{1}{X {L}}=0\]
Rearranging you get
\IX_{L}=X_{C}]
Note that the above resonance condition is similar to the RLC circuit, implying
that the resonance frequency fx remains the same.
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\[f_{r}=\frac{1}{(2\pi)\sqrt{LC}}\]
Admittance
From the derivation of equation 1, note that admittance is given by:
\[Y=\frac{1}{R}+j\Bigg(\frac{1}{X_{C}}-\frac{1}{X {L}}\Bigg)\]

But at resonance

\[X_{L}=X_{C}\]
Substituting it in the admittance equation we get

\[Y=\frac{1}{R}\]

Therefore, at resonance, we have the admittance Y being equal to the resistance
reciprocal.

Voltage Available Across Each Element

We know that \(\frac{1}{X_ {C}}-\frac{1}{X_{L}}=0\) and by replacing this
into equation 1, find that

\[I=\frac{V}{R}\]
Rearranging
\[V=IR\]
This gives the voltage across the element in the parallel RLC resonance circuit.
Current Through the Resistor
This is given by the formula
\[I_{R}=\frac{V}HR}\]
But we already know the value of voltage as V=IR and can substitute it
Hence,
\[I_{R}=1\]
And this gives us the current flowing through the resistor at resonance.
Current Through Inductor at Resonance
This is given by
\[I_{L}=\frac{V}{jX_{L}}\]
Let’s substitute the value of V in the equation above
\[I_{L}=\frac{VR}jX_{L}}
On rearranging, we get
\[1_{L}=-j\Bigg(\frac{R}H{X_{L}}\Bigg)I\]

But \(\frac{R}{X_{L}})) is the Quality factor, Q of the system hence current
flowing through the inductor becomes
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\[I_{L}=-JQN]
Therefore, the magnitude of this current flowing through the inductor will be
given by:

\[I_{L}=QN]
Current Through the Capacitor
This is given by:

\[I_{C}=\frac{V}H{-jX _{L}I}\]
Substituting the value of V in the equation gives
\[l_{C}=j\Bigg(\frac{R}{X_{C}}\Bigg)I\]

Hence,

\[I_{C}=jQN]
Which is the current flowing through the capacitor at resonance.
The magnitude flowing through the capacitor is given by:

\[_{C}H=QN]

The parallel RLC electrical circuits are also known as current magnification
circuits because the magnitude of the electrical current that flows through the
capacitor and inductor is equal to the quality factor times the current at the input.

Applications of Resonance

- Television broadcasts and radio transmissions

- Voltage magnification especially the series RLC circuit

- Communication systems and signal processing

- Oscillator circuits

- Induction heating

- Key Takeaways of Resonance

- Incircuits, there exist energy-storing elements such as capacitors and
inductors.

- There exist two types of resonance that are series and parallel RLC circuit

resonance.
- Resonance is about the cancellation of admittance and impedances in an
electrical circuit.
- The article has introduced us to how to calculate the electrical quantities
and parameters of both series and parallel RLC circuits.
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September 28, 2022 by Amna Ahmad (9848)

In this article, learn about how ideal and practical inductors store energy and
what applications benefit from these inductor characteristics. Also, learn about
the safety hazards associated with inductors and the steps that must be
implemented to work safely with inductive circuits.

When an ideal inductor is connected to a voltage source with no internal
resistance, Figure 1(a), the inductor voltage remains equal to the source
voltage, E. In such cases, the current, I, flowing through the inductor keeps
rising linearly, as shown in Figure 1(b). Also, the voltage source supplies the
ideal inductor with electrical energy at the rate of p = E *I.

Without the internal resistance, the inductor is lossless because it cannot
produce heat or light from the available energy. Therefore, all the energy
supplied by the source ends up being stored in the generated magnetic field —
exactly how energy is stored in rubber bands when stretched. The rising current
causes more and more energy to be stored in the magnetic field due to the
expansion of the magnetic lines of forces. The lack of a resistive element in the
circuit means the current will continue to rise. In such an ideal scenario,
the inductor has an infinite capacity and will continue to charge forever until the
circuit is broken. The stored energy can be recalled at any time by breaking the
circuit of Figure 1(a), causing a breakdown of the magnetic field and releasing
its energy.

C{b ]IH

Loy

Current

Time

(a) (b)

Figure 1. (a) Simple Inductor circuit. (b) Rising current profile.

In a purely resistive circuit, the voltage and current are not a function of time.
Therefore, they do not change with time. In such circuits, the source transfers
energy to the resistance equal to W =P *t =V *| *t,
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However, in a purely inductive circuit, the current increases linearly with time,
as the voltage remains constant for the circuit in Figure 1(a). This means there is
a constant rate of change in the system's current. Therefore, the average current
value, lav, will be equal to I/ 2 as the current goes from zero to In. And the
resultant stored energy W will be equal to:

W=V X12ImxtW=Vx12Imxt

And due to the constant rate of change of current, the inductor voltage will be
equal to:

V=Lxdidt=LImtV=Lxdidt=LImt

By substituting the value of V in the equation for W, we get the total energy
stored by the magnetic field of the inductor:

W=LImtx12ImxtW=LImtx12Imxt
w=12LI2mW=12LIm2 (1)

For a practical or a non-ideal inductor circuit, the internal resistance cannot be
ignored because it plays an essential role in limiting the system current to an
upper value of I, = E/R. In this circuit, the instantaneous current and voltage
profiles are not linear or constant. They both vary with time and are
continuously changing at a non-constant rate. Therefore, it is important to find
the instantaneous values of the inductor voltage and
current, v and i, respectively, to find the momentary rate of energy storage.
Much like before, this can be found using the relationship p = V * i. Figure 2
shows the voltage and current profiles of the non-ideal inductor circuit and the
subsequent energy profile.

Time Constant (1)

Figure 2. Voltage, current, and energy stored profiles for a practical inductor.

The inductor starts resisting the current flow and the magnetic field's formation,
but as it increases, the magnetic field continues to expand. When the current

105


https://eepower.com/power-electronics-textbook/vol-i-electrical-power-systems-design/chapter-2-analysis-ac-systems/difference-between-a-capacitor-and-inductor/
https://eepower.com/technical-articles/an-introduction-to-magnetic-components-inductors/

gradually approaches its steady-state value Imand becomes constant, the
magnetic field ceases to expand further. In this instance, the inductor voltage
also falls to zero, indicating that the inductor now behaves like a short circuit
that allows maximum current flow. Thus, the power delivered to the inductor p
= v *i is also zero, which means that the rate of energy storage is zero as well.
Therefore, the energy is only stored inside the inductor before its current reaches
its maximum steady-state value, Im. After the current becomes constant, the
energy within the magnetic becomes constant as well. Thus, the inductor takes
no more energy, albeit its internal resistance does cause some losses as the
current flows through it, such that Plosses= Im2R. These losses are unavoidable
because the constant current flow is necessary to maintain the magnetic fields.

The energy within the magnetic field can be taken as a product of the average
power and the elapsed time since switch closure. This is highlighted as the area
under the power curve in Figure 2. The energy in the inductor can be found
using the following equation:

w=12Li2w=12Li2 (2)

Where i is the current (amperes), L is inductance (Henry), and w is the stored
energy (joules).

Applications of the Stored Energy in Inductors
Switched-mode power supplies (SMPS)

Switched-mode power supplies (SMPS) convert AC and DC supplies into the
required regulated DC power to efficiently power devices like personal
computers. An Inductor is used in SMPS because of its ability to oppose any
change in its current flow with the help of the energy stored inside it. Thus, the
energy-storage capabilities of an inductor are used in SMPS circuits to ensure no
ripples in the SMPS output current.

The inductor subdues any output current fluctuations by changing its behavior
between a load and a supply based on the SMPS current ripple. The inductor
behaves like a load and stores energy to prevent ripples from producing excess
current. It acts like a current supply when the ripple reduces the current value. In
each case, the inductor prevents the ripples from influencing the regulated DC.

Buck Regulator

An inductor can be used in a buck regulator to function as an output current
ripple filter and an energy conversion element. The dual functionality of the
inductor can save the cost of using separate elements. But the inductor’s
inductance value must be selected to perform both functions optimally. Large
inductor values give low ripples and maximum power output. However, the
value should not be too high because the inductors can get very bulky and
provide a poor transient response.
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Limiting Inrush Currents

Some AC/DC and DC/DC applications (motors, transformers, heaters, etc.) can
cause high Inrush currents to flow in an electrical system. These currents are
needed to produce charging effects and magnetic fields when these devices are
initially energized. These high-value currents are a part of the system and must
be tolerated for the first few cycles. However, the high current can cause
overcurrent protection devices like fuses and relays to trip the circuit to protect
converters and other equipment from failure. In such cases, an inductor can be
added to limit the inrush current. Here, the inductors slow down current surges
or spikes caused by the inrush current while still allowing the delivery of the
inrush current to required applications.

Safety and Hazards

An inductor in an electrical circuit can have undesirable consequences if no
safety considerations are implemented. Some common hazards related to the
energy stored in inductors are as follows:

When an inductive circuit is completed, the inductor begins storing energy in its
magnetic fields. When the same circuit is broken, the energy in the magnetic
field is quickly reconverted into electrical energy. This electrical energy appears
as a high voltage around the circuit breakpoint, causing shock and arcs. An
accidental shorting of the inductor element can also cause it to release its stored
energy as a heavy current. Both of these conditions can damage the circuit or
cause injuries to nearby people.

The inductor is surrounded by its magnetic field. Therefore, it can attract other
magnetic materials in its area of influence. If the magnetic material is part of
nearby devices, these devices can suffer mechanical stress.

Before the current through an inductor reaches a steady state, the magnetic field
continues to be built up as the current keeps increasing. This magnetic field can
be considered a time-varying field that can induce emf and eddy currents in
nearby conductive materials. These currents can produce heat and form their
own magnetic field that interacts with the source field and causes mechanical
stress in the conductive element.

Considerations for Safe Operation of Inductive Circuits
Automatic Discharge

Automatic shorting devices like varistors and freewheeling diodes can be used
to provide additional current paths when the excitation is interrupted. This way,
a path is provided to the inductor to release its energy without forming arcs at
the circuit break point.
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Connections

When an excited inductor loses connection to the supply, it quickly breaks its
magnetic fields and tries to continue the connection to the supply with the
converted energy. This energy can cause destructive arcing around the point
where the connection is lost. Thus, the connectivity of the circuit must be
continuously observed.

Eddy Currents

Self-induction and mutual induction due to the inductor's magnetic field can
cause eddy currents to flow in the body of the inductor and any nearby
conductors. These are undesirable because they produce mechanical stress, heat,
and energy losses. Therefore, considerable mechanical and electrical support
should be provided to dissipate any stress or heat produced safely.

Verify De-energization

Another safety consideration is to verify the de-energized state of inductors.
Any residual energy in inductors can cause sparks if the leads are abruptly
disconnected.

The exponential characteristics of a practical inductor differ from the linear
behavior of ideal inductors; both store energy similarly—by building up their
magnetic fields. These magnetic fields have undesirable effects on the inductors
and nearby conductors, causing several safety hazards. It is essential to mitigate
these safety concerns by making appropriate considerations and implementing
proper failsafe technologies.
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September 27, 2022 by Simon Mugo (9315)

Transformers are key electrical components useful in determining the power
reaching the load from the supply. In this article, you will learn how to design a
transformer through a well-documented guide that will enable you to select and
size transformers.

A transformer is one of the major components when focusing on electricity
distribution. It significantly impacts the electrical system's performance, either
during normal operations or disturbances. Therefore, smart engineers ensure
transformers are correctly selected and perfectly sized for a particular purpose
and can deliver sufficient power to the electric loads under certain conditions
and regulations.

A transformer helps power systems become scalable, flexible, and cost-efficient
by ensuring minimal power loss. This article teaches you how to select and size
a transformer.

Transformer Nameplate

Transformer selection and sizing involve determining the transformer’s basic
parameters such as primary and secondary voltages, KVA, winding
connection, power factor, cooling methods, winding conductor material, types,
mounting arrangement, efficiency, and frequency of operation. All these
parameters are written on a plate known as the nameplate, which is fitted on the
transformer. When you check on any transformer well, you will see a well-fitted
detailed sticker with all the transformer's necessary parameters.

Parameters to Consider When Sizing a Transformer
Voltages Both Primary and Secondary

Primary voltages are all the voltages supplied on the input side of any given
transformer, while the secondary voltage is the voltage output by the
transformer.

If the supply voltage available is 414 V three-phase and the output required is
240 V single-phase, you must go for a transformer rated 415 V at the input and
240 V at the output.

KVA Rating

Calculating the KVA during the selection and sizing of transformers is crucial.
This represents the maximum apparent power that a transformer can handle.
KVA depends on power factor, voltage, and current. Below are the formulas for
KVA calculations:

- Single-phase transformers
109


https://eepower.com/author/simonmugo
https://eepower.com/power-electronics-textbook/vol-i-electrical-power-systems-design/chapter-5-impedance-matching-and-power-transfer/understanding-electrical-transformers/
https://eepower.com/technical-articles/power-transformer-basics-transformer-construction-types-and-winding-connections/
https://eepower.com/technical-articles/transformer-losses-and-efficiency/
https://eepower.com/technical-articles/transformer-power-factor-and-impedance/

kVA = (load voltage x load current)/(1000 x load power factor)

- Three-phase transformers
kVA = (1.723 x load voltage x load current)/(1000 x load power factor)
Operational Frequency

A transformer operates at a specific frequency. The magnetic current, rated
current, and kVA are directly proportional to the transformer frequency.
Therefore, the transformer should operate at a rated frequency. The rated
frequency of the transformer should always be equal to the input power supply
and the load’s operating frequency.

Winding Connections

For single-phase transformers, the winding connection is not something to worry
about, but the winding connection is a significant parameter for three-phase
transformers. Below are several examples of windings configured in a three-
phase transformer connection.

Primary Winding Configuration | secondary Winding Confiquration

? Delta
Delta ')(Y

Delta Delta

Figure 1. Winding Connection Configurations for Three-phase Transformers.

Apart from the above-listed parameters, other parameters such as the power
factor, transformer type, cooling arrangements, operating temperatures, impulse
withstanding capacity, voltage regulation, and mounting arrangements are also
considered when selecting a transformer.

Calculating Transformer Design Parameters

For educational purposes, we are going to design a small transformer. We will
be designing a 60 VA step-down transformer of 230 V to 12 V. The reader
needs to have basic knowledge about transformers. Detailed calculations are
included in this article.
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Note that we are designing a small transformer, hence we are going to ignore
copper and core losses as they do not affect small transformers.

Core Calculations

To design a transformer, we need to have a specific number of turns on both the
secondary and primary sides of the transformer to achieve a specific rating.
Therefore, finding voltage per turn and turns per voltage design is the first
priority. This can be obtained from the existing transformer’s voltage equation
below:

\[E=4.44fB_{in}A {i}\]

The equation above is a derivation from the basic equations, and we will derive
it step by step.

From basic knowledge, we understand that induced EMF is the rate of change in
flux:

\[e=N\frac{do}{dt}\]
The Root Mini Square value (RMS) is given as:
\[\sqrt{}2\]
With peak value
\[e=\sqrt{}2E\]
Putting all this together, we get:
\[E=\frac{N}{\sqrt{}2}\frac{dp}{dt}\]
\[o(t)=ABsin(\omega t)\]
Let’s take the derivative with respect to t:
\[\frac{do(t)}{dt}=\omega ABcos(\omega t)\]
To have maximum flux linkage:
\[\frac{do(t) }{dt}=2\pi fAB_{in}\]
From electronics, we know that:
\[\omega=2\pi f ]
And
\[E=N\frac{2\pi FAB_{in}}{\sqrt{}2}\]
The formula above gives the total induced EMF.

The main focus is the voltage per turn and hence dividing both sides with total
number of turns (N) we get:

\[E_{T}=4.44fAB_{in}\]
Turns per volt will be given by:
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\[T_{E}=\frac{1}{4.44fB_{in}A}]

Rearranging the above formula, we get the formula below, which is used to
calculate the area of the core:

\[A {i}\frac{1}{4.441B {in}T_{e}}\]
Where

Ai = Area of Core, f = Operating frequency, Bin = Magnetic Flux Density and
Te = Turns per Volts

- Assumptions

We know the power system frequency. The focus is to have the turns per volt
and the magnetic flux. For a smaller transformer design, the magnetic flux
density ranges between 1 and 1.2.

Inputting the values in the formula, should result in the area of the core.
Let’s take the copper wire density to be 2.2 to 2.4A/mm?

f=50Hz

Bin =1.2 Wb/m?

Te =4 (Turns Per volts)
Ai =1.45 inch?

\[T_{E}=\frac{1}{4.44fB_{in}A}\]
Inputting the values in the formula, we get that:
Te = 2.6 turns per volts.

For the design, make sure to choose the core that is readily available in the

market. From the check, the readily available core is 1.5”x1.5” which gives 2.25
inch2

That is the core area used to calculate turns per volt of 2.6.
Calculations of the Primary Winding

For the transformer, calculate the primary side parameters then end with the
secondary side.

Primary Side Current Calculations

Primary voltage = Vp=230 V

Primary Current (11):
\[1_{1}=\frac{VAH{V_{p}}=\frac{50}{230}=0.218A\]

But a transformer cannot perform at 100% and hence the efficiency is at 95%, so
the primary current becomes

\[I_{1}=\frac{VA}{\eta V_{p}}=\frac{50}{0.95\times230}=0.23\,A\]
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Hence, 0.23 A is the primary current.

Number of turns

The total number of turns in the primary side can be calculated as

Total Number of Turns (N1)= Turns per VoltsxPrimary Side Voltage
\[N_{1}=2.6\times230=598\, Turns\]

This is approximately 600 turns.

Primary Conductor Size

Current density is Current divided by the unit area.

\[\delta=\frac{I1}{A}\]
For copper material, current density is given as 2.3 A/mmz2
The copper area on the primary side al is given by
\[a_{1}=\frac{0.23}{2.3}=0.1mm"{2}\]

Use the standard AWG table to determine the size of the 0.1 mm2 where it is 27
AGW.

Calculations of the Secondary Windings
The secondary Voltage = VS =12 V
Calculating the Secondary Current
\[I_{S}=\frac{VAH{V_{s}}=\frac{50}{12}=4.2\|A\]
Calculating Secondary Wire Size for Design of Transformer
\[a_{2}=\frac{4.2}{2.3}=1.83mm"{2}]

Checking at the AWG standard table for transformer wire thickness, the
thickness will be 15 AWG.

Therefore, secondary wire size = 15 AWG.

Number of Turns on The Secondary Side

Calculate this by
Total Number of Turns(N2) = Turns per VoltsxSecondary Side Voltages

\[N_{2}=2.6\times12=32\,turns\]

Estimating the Weight of the Transformer Winding
This happens when we know:
The density of copper is 8960kg/m?®
Approximate length of copper wire = number of turns x perimeter of bobbins.
Cross-sectional area of copper

Volume = approximate length x cross-sectional area
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Mass = copper density x copper volume

Primary Side calculation of Copper Weight

Perimeter of the bobbin=1.75x4 =7 inch=0.1778 m
Therefore, the length of the turn is 0.1778

The primary side total length of the turn = L;

Total length = length of a single turn x total number of turns in the primary side
=0.1778 x 600 = 106 m

The volume of copper wire = area x length = 0.1 x 10° = 1.06 x 10°m?3

But we know the density of copper as 8960 m?; hence we can now calculate the
weight of copper:

Weight = density x volume = 8960 x 1.06 x 10° = 0.095 kg =95 grams.

Therefore, we need 95 grams of 27 gauge wire at the primary side of the
transformer.

Calculating Winding Weight on the Secondary Side

As calculated, the length of the turn =0.1778 m

For 32 windings on the secondary side L2 =0.1778 X 32 =6 m
The area of the secondary winding wire is 1.83 mm2

Therefore, the volume of the secondary winding = 1.83 x 10-6 x 6 = 1.098 x 10-
5=0.098 kg

So, we can approximate the weight at 100g of wire size 15 gauge at the
secondary side winding.

At this level, all the calculations for the transformer design are done, along with
all the transformer-relevant characteristics. Implement the transformer project
by building the hardware according to the calculations.

Key Takeaways of Transformer Sizing and Selection

A transformer is a common electrical component used in stepping up or stepping
down power.

Every transformer has a transformer nameplate with all the parameters of the
transformer.

We have listed almost all the parameters that every transformer must have.

We have learned how to calculate transformer parameters which are key to
designing, selecting, and sizing transformers.
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September 22, 2022 by Simon Mugo (9635)

Here, we will define power factor; differentiate between good, poor, and bad
power factor; jump deeper into what causes and how to correct poor power
factor; and introduce how to calculate power factor, reactive power, apparent
power, and capacitance when faced with a power factor correction problem.

Power factor has been used to measure how efficiently electrical equipment
utilizes the amount of power supplied to it. The higher the power factor, the
better the equipment's performance. Equipment with low power factor means
that power has not been efficiently used and hence power losses occur. Direct
current has no power factor because it is accompanied by zero frequency. For
alternating current voltages, power factor is a norm and ranges between zero and
one, where one is the perfect system, and zero is the bad system.

Defining Power Factor

First, note that power factor is a ratio meaning it is unitless. It is a ratio between
the energy a device can transmit to the output and the energy it consumes from
the input electrical source. It is one of the key figures used by designers of
electrical and electronic devices to meet the power requirements and regulations
within several countries and other organizations.

In other words, power factor is the ratio between the system’s true power (kW)
and its apparent power (kVA):

Power_Factor=True_Factor(kW)Apparent_Power(kVA)Power_Factor=True_Fa
ctor(kW)Apparent_Power(kVA)

PF=kWkVAPF=kWkVA

Everything about power factor can be simplified using the power triangle. For
learning purposes, we will use the leading PF, which is the easiest to understand.

True Power(kWw)

Reactive Power(kVAr)

Figure 1. Power Triangle.
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From the triangle, the adjacent line represents the true power, the opposite is
reactive power, and apparent power is represented by the hypotenuse at an angle
theta from true power.

From observation of the power triangle, note the increase in reactive power
subsequently increases the apparent power of the system.

From the power triangle above, and by use of trigonometry and the Pythagorean
theorem, come the following formulas:

True Power(kW)=Apparent Power(kVA)xcoscosOTrue_Power(kW)=Apparent
_Power(kVA)xcoscosO

Reactive Power (kVAr)=Apparent Power(kVA)xsinsinOReactive_Power_(kV
Ar)=Apparent Power(kV A)xsinsinf

Apparent_Power(kVA)=\True Power(kW)2+Reactive Power(kV Ar)2 Apparent
_Power(kVA)=True_Power(kW)2+Reactive_Power(kVVAr)2

Power_Factor=coscos0=True_Power(kW)Apparent_Power(k\VVA)Power_Factor
=coscos0=True_Power(kW)Apparent_Power(kVA)

Good, Poor, and Bad Power Factor

The system’s power factor shouldn't fall below a certain level because if it does
so reactive power charges will occur. In most cases, most power suppliers will
define a charge anytime the power factor falls below 0.95.

A perfect power factor is at 1.0 and this can, in most cases, be achieved by an
ideal system. For the commercial building, the below table explains their power
factor definition;

Power Factor Explanation
Good -0.95

Poor 0.95-0.85

Bad 0.85 and below

Table 1. Good, Poor, and Bad Power Factor

In most cases, commercial buildings have a power factor rated between 0.98
and 0.92, while most industries fall below 0.7.

Let’s look at the practical example of what happens when comparing two
different motors with different power factors.

Where Do Poor Power Factors Originate?

Power factor is mostly affected by inductive loads, and to have a good
understanding of this, we will look at three scenarios:

- Purely resistive load
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- Purely Inductive load
- Purely capacitive load

Let’s get started with the first one.
Purely Resistive load
An example of such a system is an electrical resistive heater.

+ Current

\ Voltage

0 K

R < .“ N\
Purely Resitor Circuit \/
\\ i
/
\ /

Voltage and Current Relationship

Phasor Diagram

Figure 2. Purely Resistive Load Circuit, Phasor Diagram, and Voltage and
Current Waveform Relationship.

The current and voltage waveform are almost identical. They both pass their
minimum and maximum point and finally pass the zero axis at the same point in
time. This is an indication that the system has a power factor of 1.

The phasor diagram shows that both the current and the voltage are in parallel,
and this tells us all the energy taken by the system is utilized (and in the case of
the electric resistor) to create heat. The purely resistive system is said to have a
unity power factor.

Purely Inductive Load

A good example of such a system is an_induction motor. The circuit, the curves,
and the phasor diagram for the system are shown in Figure 3 below.
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Inductive Load Current and Voltage Curve

Phasor Diagram

Figure 3. Purely Inductive Load Circuit, Phasor Diagram, and Voltage and
Current Waveform Relationship.
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An inductive load such as a motor has a coil that contains a magnetic field that
holds back current resulting in a phase shift where voltages and currents
waveforms end up being out of sync, making a current pass through the zero
point after the voltage has already passed. The outcome of the waveforms is
called the lagging factor.

Reactive power is not that important, but a little of it is needed to maintain the
electromagnetic effect of the motor so that it can enable the motor to rotate. The
reactive power becomes a waste when we cannot utilize it but still pay for it.

On the phasor diagram, the current line is at an angle but below the voltage line.
This implies that not all the consumed electricity is utilized by the inductive
system.

Pure Capacitive Load
——

\\

/ \ \
A 0 / N\

Pure Capacitive Load Circuit \\
\ /
\ ]
Current leads voltage
In sho:

Current and Voltage Waveforms

Voltage

Current

Phasor Diagram

Figure 4. Purely Capacitive Load Circuit, Phasor Diagram, and Voltage and
Current Waveform Relationship.

For the capacitive load, the opposite of the inductive load discussed above will
happen. The current and voltages will be out of phase, but this time, voltage
instead of current is held back. The resultant effect is a leading power factor.
Again, this implies we are not using all the electricity to perform work, but we
will end up dishing out cash to clear its bill.

On the phasor diagram, the current line is at an angle and above the voltage line
since it is leading.

How to Correct Power Factor

The most common problem encountered is the lagging power factor. For
poor power factor correction, capacitors and sometimes inductors must be added
to the circuit system. The capacitors and the inductors will help realign the
voltage and the current into the required phase and convert the power factor to
one or closer.
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When the problem is due to a lagging power factor, which is brought about by
high inductive loads, then capacitors can solve the problem. When the problem
Is a leading power factor caused by high capacitive loads, inductors must be
added to the circuit system to solve it.

Don’t add capacitors and inductors blindly into the system. You need to
calculate them, and we will do that at the end of the article.

Reason for Fixing Poor Power Factor

Poor power factor means the system is drawing more power from the source for
it to do the same quantity of work, and therefore, a larger cable is needed. This
will increase the cost of electrical installation more than usual.

When a power factor is too low, expect a penalty charge or a reactive power
charge from the electric company.

Sometimes poor power factor causes losses in equipment, for example,
transformers, due to high heat gains associated with it. It also leads to voltage
drop, which interferes with the life expectancy of some equipment.

Calculating Capacitance for Power Factor Correction

As indicated earlier, we shall end the article by looking at how to calculate
the capacitance needed to correct the poor power factor in a building setup.
Let’s look at the practical example below.

Problem

A building in Nairobi City has a power supply of 415 V with a total electrical
load of 70 kW. The building’s electrical system has a power factor of 0.76, but
according to power supply authorities, the building should have a power factor
of 0.97 for the owner to avoid penalty charges if found in violation. Calculate
the capacitance needed to correct the power factor from 0.76 to 0.97.

Solution

Total_Apparent_Power(kVA)=True_Power(kW)PFPF=0.76,TruePower70kWT
otal_Apparent_Power(kVA)=True_Power(kW)PFPF=0.76, TruePower70kwW

Therefore,Apparent_Power=70kW0.76=92.11kVVATherefore,Apparent_Power=
70kW0.76=92.11kVA

TheTotal Reactive Power(kVAr)=\Total Apparent power(kVA)2—True Pow
er(kW)2TheTotal Reactive Power(kV Ar)=Total Apparent power(kVA)2—Tru
e_Power(kW)2

TheTotal_Reactive_Power(kVAr)=Y92.112—702TheTotal Reactive Power(kV
Ar)=92.112-702

=59.87kVAr=59.87kVAr

Targeted_Total Apparent_ Power=700.97=72.16kVATargeted Total Apparent
_Power=700.97=72.16kVA
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TheTargeted Total Reactive Power=172.162—702=17.52kV ArTheTargeted T

otal_Reactive_ Power=72.162—702=17.52kVAr

Capacitor Size=Total Reactive Power—Targeted Total Reactive PowerCapac

itor_Size=Total Reactive Power—Targeted Total Reactive Power

Capacitor Size=59.87—17.52=42.35kV ArCapacitor Size=59.87—17.52=42.35k

VAr

Key Takeaways of Power Factor
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Power factor is a ratio of true power to apparent power.

There exist good, bad, and poor power factors with specific ranges where
1.0 to 0.95 is said to be good, 0.95 to 0.85 poor, and 0.85 and below is
said to be bad.

When the system achieves a power factor of 1.0, the system is approved
to be perfect.

Poor power factor originates from a system's resistive, inductive, and
capacitive loads.

Lagging power factor is the most likely problem an engineer will
encounter regularly.

A balance of capacitors and inductors in the systems solves the problem
of poor power factor.

It is important to fix poor power factors to avoid high power bills,
increase the life of equipment, and reduce the cost of electricity
installation associated with it.

Formulas exist to determine the power factor, apparent power, reactive
power, true power, and capacitance needed to solve problems around the
power factor.



TEXT 9.12

Understanding Impedance Matching/ IToanmanue CootBercTBus Mmieqancy
September 21, 2022 by Simon Mugo (10175)

Impedance matching is a significant process in electrical and electronic project
design. Here, you will learn all about impedance matching from maximum
power transfer theorem through circuits, formulas, and applications.

In electrical and electronic engineering, there is a need to match the input
resistance characteristic with that of the output. Achieving equilibrium of input
and output resistance from the source to the load gives a stable system. The
process of balancing the input and output resistances of a given electrical system
Is what we refer to as impedance matching.

Defining Impedance Matching

Impedance is defined as the total resistance of a given electric component or
circuit to an alternating current originating from the reactance and resistance of
the given system. Unlike resistance, which has magnitude only, impedance has
both phase and magnitude in alternating current circuits. For direct current, there
Is no difference between resistance and impedance as the impedance has zero
phase angle, just like resistance has no phase angle.

We can define impedance matching as the process where the input impedance
and the output impedance of a given electrical load are designed to reduce signal
reflection and maximize the power transferred to the electric load. For a better
understanding of impedance matching, let’s look at the maximum power
transfer theorem.

Maximum Power Transfer Theorem

R;
—A\\W\ oA

|||+

V

I\B
A

Figure 1. Maximum Power Transfer Theorem Circuit.

Suppose we have a system with a voltage source V of internal resistance Ri and
powering an electric load of resistance RL. The maximum power theorem will
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be used to determine the value of the load resistance RL, allowing maximum
power to be transferred from the source to the load. The maximum power
transferred to the load depends on the size of the load resistance.

From the circuit above, power transferred to the load resistance is
P=12LRL=V2RL(Ri+RL)2P=IL2RL=V2RL(Ri+RL)2
Figure 2. Equation of Power Transferred to the Load.

For maximum power, we differentiate the above equation to the load resistance
RL and equate the outcome to zero. We shall have

dPdRL=V2(Ri+RL)2—2RL(Ri+RL)V2(Ri+RL)4=0=>RL=RidPdRL=V2(Ri+RL)
2-2RL(Ri+RL)V2(Ri+RL)4=0=>RL=Ri

Figure 3. Differentiated Equation and Equated to Zero.

Note that maximum power can only be transferred from the source to the load
when the internal resistance of the voltage source is equal to the resistance of the
load. Impedance matching ensures that the source resistance is equal to the load
resistance. Another thing to note is that the load reactance should also be equal
to the negative of the source reactance for maximum power to be reflected at the
electric load side. This means the load power can only be at maximum when the
load impedance is equal to the source impedance complex conjugate.

Impedance Matching Formulas and Circuits

L

|
Il

0

Py

Figure 4. Impedance Matching Circuit.

For an available resistance R, we shall find the circuit that will match the
resistance R’ at a certain frequency w0 and develop a design of the L matching
circuit displayed in Figure 4 above.

Let us start by finding the admittance Yin of our circuit above.

From the figure, we can note that the resistance R and the inductor L are in
series, and the combination of the two is in parallel with capacitor C.

The impedance will be given by

Z=(R+joL)/[1joCZ=(R+joL)//1joC
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Z=[(R+joL)x1joC](R+joL)+1joCZ=[(R+joL)x1joC](R+joL)+1joC
Z=R+joL(R+joL)(joC)+1Z=R+joL(R+joL)(joC)+1
Yin=1Z=[(R+joL)(joC)+1](R+joL)Yin=1Z=[(R+joL)(joC)+1](R+jwL)
Yin=joC+1(R+joL)Yin=joC+1(R+joL)

Let us use complex conjugates to separate the real and imaginary parts of the
above equation.

Yin=joC+1(R+joL)*(R—joL)(R—joL)Yin=joC+1(R+joL)x(R—joL)(R—joL)
Yin=joC+R(R2+(0wL)2)—joL(R2(wL)2)Yin=joC+R(R2+(wL)2)—joL(R2(xL)2)
Reorganizing the above equation, we get
Yin=R(R2+(0L)2)+j[oC-oL(R2+(wL)2)]Yin=R(R2+(®wL)2)+j[oC-oL(R2+(w

L)2)]
Finally, we have
Y=RR2+(0L)2Y=RR2+(0L)2 (1)
And
®0=\1LC—(RL)200=1LC—(RL)2 2)

At the frequency of w= 0, the resistance of Yin should be set to R’.
R'=1Y=R2+(®0L)2RR'=1 Y=R2+(w0L)2R
R'=R+®w02L2RR"=R+w®w02L2R
Separate R from the equation to get
R'=R[1+(w0LR)2]R'=R[1+(00LR)2]

Let ®OLR®OLR be the Q-factor for L and R networks and our equation becomes
R'=R[1+Q2]R'=R[1+Q2] (3)

From the above equations, it is easy to solve the impedance matching problems
in any electrical circuit.

Why Impedance Matching Is Needed

Impedance matching has great use in high-frequency and high-speed devices.
When designing printed circuit boards that require such characteristics, ensure
that the impedance at the source matches the impedance at the load.

When designing applications of ultra-high frequencies, impedance matching
becomes a difficult operation for designers. The challenge is also reflected while
designing microwaves and radio frequency circuits. When you get a wrong
Impedance matching, expect distorted pulses and high signal reflections.

An increase in frequency decreases the window of errors. The electrical circuit
works the best when we have a perfectly matched impedance. If the impedance
matching is not done, expect the system to work abnormally because of the
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effects such as the signal reflections. The reflected waves cause data delays and
distortion of the phase and minimize the ratio of signal to noise.

Application of Impedance Matching

The goal of any electrical and electronic design engineer is to ensure that there
IS maximum power delivery from the system source to the electric load. In
almost all electrical and electronic applications, impedance matching is a
necessity.

Let us have a look at a few applications of impedance matching below.
Transformer Impedance Matching

Transformers are one of the components used to match the impedance of the
source to load. The power input of the transformer is similar to the power output
by it. The transformer changes the electrical energy c\voltage level and does not
affect the power level of the system.

To match the impedance of both sides, you have to set the turn ratio
accordingly. Low voltage has fewer turns, and this tells us that the impedance of
the low voltage winding is lower when compared to that of the high voltage
winding.

Therefore, to ensure that we have matched our impedance, a transformer with
proper winding turns is connected between the source and the load. The
transformer is known as a matching transformer.

We can define the matching transformer turn ratio as the square root of the ratio
of the resistance of the source to the resistance of the load.

TurnsRatio=VSourceResistanceLoadResistance TurnsRatio=SourceResistanceLo
adResistance

Figure 5. Transformer Turn Ratio Calculation Formula.

Impedance Matching Transmission Line

Transmission of electrical energy from the source to the load is done using a
transmission line. While transferring this energy, it is important to zero or
minimize energy losses that occur. For this to be possible, we should match the
source and load impedances to the transmission line being used.

The characteristic impedance is defined as the voltage and current wave ratio at
any given point along the transmission line. If the transmission line in discussion
Is long, then we expect to have a different characteristic impedance at different
distances along this transmission line. If we fail to do the impedance matching,
the signs reaching the load will be reflected in the source of the origin, giving
rise to a standing wave. The amount of power reflected is measured using the
coefficient of reflection, which is calculated using the equation below:
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I'=Z21-7Z0Z1+7201'=721L—-720Z1+Z0
Figure 6. Transmission Line Reflection Coefficient Calculating Formula
With ZL being Line Impedance and Z0 Characteristic Impedance.

An ideal system has a load impedance similar to the characteristic impedance.
The system is said to be ideal when the reflection coefficient is zero. In practice,
it is difficult to achieve a zero-reflection coefficient; hence, in the transmission
line, the reflective coefficient is kept close to zero.

Antenna Impedance Matching

The antenna needs to be coupled with a television. For this to be achieved,
Impedance matching is employed. Here, the antenna becomes our source as it
has to give signals to the television, whereas the TV becomes the load because it
gets signals from the antenna.

Let us take an example where the antenna and its cable have a resistance of 150
ohms, and the resistance of the TV is 600 ohms. These conditions indicate a
different impedance between the source and the load, and hence it becomes
impossible to have maximum power transmitted; therefore, poor signals are
received by the TV.

Ri= 1500
AVAVAY
gRﬁGooo
Antenna Television

Figure 7. Antenna Impedance Matching.

To avoid the above condition, we have to use a transformer to achieve the
antenna and television impedance matching. We had already introduced the
formula for the turn ratio of the transformer calculation in this article, and will
input the values accordingly, as shown below:

n=VRLRinn=RLRin
n=V600Q150Qn=600Q150Q
n=2n=2

From the calculations above, our turn ratio is 1:2, and we have to connect our
transformer as in the circuit below:
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Ry 1500 Transformer
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Figure 8. Impedance Matching of Antenna with Transformer.

Headphone Impedance Matching

In the case of the headphone, the signal source is the device where the
headphone is plugged. The headphone is the load. For the system to attain
quality audio output, the source, and the load impedances must be matched. By
matching the impedances, we make sure that there is maximum power transfer
from the source of the audio to the headphone.

When building portable devices, ensure that low-impedance headphones are
built. This makes the system work well with proper sound quality.

Key Takeaways of Impedance Matching

- Impedance matching is the balance between the source and load
Impedance to ensure the load receives maximized power.

- Maximum power theorem is important in transferring energy from the
source to the load.

- Impedance matching is needed to allow maximum power transfer from
the source to the load by reducing reflections.

- Impedance matching has several applications, such as matching the
impedance of transformers, headphones, transmission lines, and antennas.
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TEXT 9.13

Understanding Frequency, Phase Angle and Wavelength in AC Systems/
IHonumanue HaCTOTHI, (1)&30BOFO yriia v JJIMHbI BOJIHBI B CUCTEMAX IIEPEMCHHOTO
TOKa

September 20, 2022 by Amna Ahmad (7048)

In this article, learn what is meant by frequency, phase angle, and wavelength
and how to find a phase relationship between two sine waves.

Frequency is the number of cycles per second in an AC sine wave. The Hertz is
the international unit of frequency equal to 1 cycle per second. Frequency is also
used to describe the power used in residential, commercial, and industrial
facilities. For example, most power in North America operates at 60 Hz.

A wavelength (L) is the distance covered by one complete cycle of a given
signal frequency as it passes through the air. There is an inverse proportion
between the wavelength of a signal and its frequency. Signals of different
wavelengths fall into different frequency categories, including radio waves,
infrared light waves, visible light waves, X-ray light waves, and cosmic waves.

Phase (o) is the time relationship of a sine wave to a known time period. Sine
waves often depict the relationships between two or more signals. In-phase sine
waves have peak values and baseline crossings that occur simultaneously, while
out-of-phase sine waves have peak values and baseline crossings at different
times.

Frequency

Consider Figure 1, which illustrates the sine wave output from an AC generator.
It has been shown that when the conductors in the simple generator are rotated
through one complete revolution, the output voltage goes through one complete
cycle of sinusoidal change. The time taken for one cycle of change (from zero
volts through +Em, zero, and -Em back to zero again) is referred to as the time
period of the waveform and is designated as T (see Figure 1). If T=1 s, the
waveform has a frequency (f) of 1 cycle per second or 1 hertz (Hz).
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Figure 1.One cycle of a sinusoidal voltage waveform. The instantaneous
voltage (e) increases from zero to Em, then decreases through zero to Em, and
returns again to zero. Image used courtesy of Amna Ahmad

A waveform's frequency is always calculated by inverting the time period.
f=1T (1)
where T is in seconds and f is in Hertz.

The frequency for domestic and industrial AC supplies across North America is
60 Hz [see Figure 2]. In electronics, the AC waveforms’ frequencies range from
zero (in the case of DC) through kilohertz (kHz) and megahertz (MHz).

- a0 L‘.’L]L’.\ -

60T
(1s)

. 1 1 o e
R g ey = 10,/ MS
60 Hz

Figure 2. The waveform’s frequency is measured in cycles per second
or Hertz (Hz).
Phase Angle

For one complete revolution, the conductors in the simple generator rotate
through 360°. If the angle of rotation of the conductors is measured in radians

128



instead of degrees, one complete revolution represents 2z radians. As T is the
time period in seconds (or time for one complete revolution), the angle through
which the conductors move in 1 s is given by,

AngularVelocity=1Trevolutionssecond
=360Tdegreessecond
Or,
AngularVelocity=2zTradianssecond

And the phase angle (0) of the generated voltage at any instant tl, t2, t3, ...
measured from t =0 is,

0=2nTX*tradians
Also,
0=360T xtdegrees
Because f=1/T, the phase angle equations can be rewritten,
0=360ftdegrees
And,
O0=2xftradians
Or,
O=wtradians
Where o is the angular velocity in radians/s (i.e., ®=2xf).
Now, the AC waveform can be represented by the following equation:
e=Emsinwt (2)
Also,
e=Emsin(360ft)°
Figure 3 illustrates the use of Equation 2.
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Figure 3. The phase angle of a waveform can be expressed in degrees or
radians, and either can be used in calculating instantaneous level

Example 1

An AC waveform with a frequency of 1.5 kHz has a peak value of 3.3 V.
Calculate the instantaneous voltage levels at t;=0.65 pus and at t,=1.2 ms.

Solution
Equation 2,
e=Emsin2xft
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Attl,
e=3.3Vxsin(2nx1.5kHz x0.65us)rad=20.2mV
At t2,
e=3.3Vxsin(2nx1.5kHz x1.2ms)rad~—3.1V

Phase Difference

Four different waveforms are illustrated in Figure 4. Waveforms B, C, and D
have smaller amplitudes than waveform A. Waveform B goes through its cycle
of change exactly at the same time as waveform A, so the two are said to be in
phase with each other.

Figure 4. In-phase and out-of-phase sine waves. Waveform B is in phase with
waveform A. Waveform C lags waveforms A and B

Waveforms C and D are out of phase with waveforms A and B. Because
waveforms A and B commence their cycles ahead of C by an angle (degrees or
radians), A and B are said to lead C by D . Alternatively, waveform C may be
said to lag waveforms A and B by . The angle may also be referred to as the
phase difference between the waveforms. Waveform D lags A and B by 180°
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and is said to be in antiphase to A and B because it is at its negative peak when
A and B are at their positive peak levels, and vice versa.

Wavelength

The wavelength of an AC waveform depends on its velocity. In the case of radio
waves, the velocity is the speed of light, which is,

c=3x108ms

For voltage waves moving along widely spaced conductors, the transmission
speed is also 3 *108m/s. When the conductors are close together, the velocity
depends on the insulation employed. Figure 5 (a) shows a pair of long
conductors connected to a generator, and parts (b), (c), (d), and (e) show the
instantaneous voltage levels at points on the conductor as the terminal voltage
changes.

In Figure 5(b), el represents the initial or zero level of a voltage waveform at
the beginning of a long conductor. A fraction of a second later, in Figure 5 (c),
el has traveled some distance along the conductor, and the instantaneous level
of the voltage at the generator terminals has changed to e2. Both el and e2 are
traveling along the conductor at a velocity of 3 *108m/s. In Figure 5(d), the
voltage at the generator terminals has changed to e3. By the time the generator
terminal voltage has gone through one complete cycle [Figure 5(e)], el has been
moving along the conductor for the time period T. So, during one complete
cycle, the distance traveled by e is,

distance=c x Tmeters
=(3x108ms*T)m

This distance represents the wavelength (A) of the alternating voltage. The
equation for wavelength is,

A=cxT
Or,
A=cf (3)

Where A is wavelength in meters, c is the velocity of light in m/s, and f is the
frequency of the waveform in Hertz.
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Figure 5. An alternating voltage wave moves along widely spaced conductors at
the speed of light (c = 3 108 m/s). The time period of one cycle is T = 1/f, and
the wavelength is = cf.

Example 2

Determine the wavelengths of 60 Hz and 1 MHz alternating waves. Calculate
the frequency of a voltage that has a wavelength of 33 m.

Solution
For 60-Hz,
Equation 3,
A=cf=3x108ms60Hz=5*x106m
For 1 MHz,
A=cf=3x108ms 1 MHz=300m
From Equation 3,
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f=CcA=3x108ms33m=9.09MHz

Key Takeaways of Alternating Current

Alternating current (AC) is the voltage found in residential, commercial, and
industrial locations. The direction of current flow in an AC system reverses
periodically. Terminology commonly used with AC circuits includes phase
angle, frequency, wavelength, and phase difference. These terms are particular
to AC systems and are used when designing and troubleshooting AC electrical

systems.
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TEXT 9.14
What Are Magnetically Coupled Inductors?/ Uro Takoe Wumyxroper C
MaruautHoi CBSA3b10?
September 19, 2022 by Blaine Geddes ( 9618)

This article discusses magnetically coupled inductors, more commonly known as
transformers.

This is just one of a number of articles in the EE Power inductor series. Please
see the rest of the articles here:

- What is an Inductor?
- Inductors in Series
- Inductors in Parallel

A transformer is a passive AC circuit device that performs a voltage
transformation to either step up or step down the input voltage.

The Basic Transformer Equation
Faraday’s law for a single conductive loop is:
e=—dodt,e=—d¢dt, [1]

where ¢ is the electromotive force, or voltage, and dd/dt is the rate of change of
magnetic flux with time.

A multi-turn coil is the equivalent of individual loops connected in series,
therefore the voltages add and Faraday’s law becomes:

e=—Nd¢dt,e=—Nd¢dt, [2]

For two separate coils wound around the same magnetic core with perfect flux
coupling, the dd/dt is common, so

el=—N1d¢dt,ande1=—N1d¢dt,and
€2=—N2d¢dt,thereforee2=—N2d¢dt,therefore
€1e2=N1N2,61e2=N1N2,

which says the voltage ratio equals the turns ratio and this is the fundamental
defining equation of transformer operation.

Field Strength and Frequency
Rewriting Equation [1] in integral form gives:
O=—|edtd=—]edt [3]

If the applied voltage is sinusoidally time varying, then Equation [3] can be
written as

O=—[£0sin(wt)dtd=—]e0sin(wt)dt
=e0wcos(wt)=e0mcos(wmt)
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This says that the flux is inversely proportional to the frequency of the applied
voltage. Flux is the integral of the normal component of the magnetic field B
over the cross-section of interest.

d=/BdAD=/BdA

If @ is sinusoidally time varying with an amplitude that is inversely proportional
to frequency, then B must also be sinusoidally time varying with an amplitude
inversely proportional to frequency and can be written as:

B=B0wcos(wt)B=B0wcos(wt) [4]

The significance is that as the frequency of operation is decreased, the magnetic
field strength increases.

The B-H Loop

In a ferromagnetic material, the total magnetic field in the material is the sum of
the applied field and the internal field generated by the alignment of magnetic
domains. The total field in the material is represented as B and over some linear
region can be approximated as

B=pourH,B=pourH,

Where pois the magnetic permeability of free space and uris the relative
permeability of the material, assuming a linear magnetic behavior. A
representative B-H loop, which plots the field B as the applied field is cycled, is
shown in Figure 1. At high magnetic field strengths the curve becomes very
non-linear and the material is said to have reached magnetic saturation. As
magnetic saturation is approached, an increase in H results in a much lower
increase in the value of B.

Figure 1. Representative B-H loop for a ferromagnetic material.
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The energy dissipated in cyclically magnetizing the material is the hysteresis
loss and is given as the integral of the B-H loop. The area of the B-H loop
depends on the magnetic remanence of the material which is a function of the
energy required to realign the domains. Ferromagnetic materials with low
remanence are known as soft. Hard ferromagnetic materials have a much more
open B-H loop because they tend to retain their magnetic state once magnetized.
For use in AC circuits, clearly soft ferromagnetic materials are much preferred.

As magnetic saturation is reached, not only is the hysteresis loss at a maximum,
but any increase in current flow produces a negligible increase in the magnetic
field strength, so it is just wasted as 12R losses in the windings.

From Equation [4], the magnetic field rises as the applied frequency is reduced,
so to avoid magnetic saturation, the physical size of AC magnetic devices such
as transformers, motors, etc., must be made larger as the line frequency is
lowered.

Sizing the Core

The maximum working field strength for silicon electrical steel is typically in
the 1.3 — 1.7 T range, although some grain-oriented alloy steels can support
higher field strengths. The saturation field strength of M-6 electrical steel (grain
oriented 3% Si) is specified as 1.9 T. The closer to magnetic saturation that the
core is required to operate, the greater the losses, so some margin is required.
The first step in sizing the core will be to choose the allowable maximum
operating magnetic field strength in the core, and this will be dependent on the
grade of electrical steel chosen for the core.

Faraday’s law for a multiturn coil gives d®/dt for a given applied voltage and
number of turns. Integrating dd/dt will give the total flux ®. For a sinusoidal
circuit, @ will be sinusoidal with a 1/w factor on its amplitude.

Applying = BdA, allows the field B to be determined for a given core area, or
the area to be determined given a specified maximum allowable field B.
Increasing the cross-sectional area or increasing the number of turns will reduce
the maximum field strength, so these are the main variables of adjustment to
provide an acceptable design respecting size, cost, and performance trade-offs.
Transformer size scales inversely with frequency, so the line frequency is a vital
parameter. A transformer designed for 60 Hz, will work acceptably at 120 Hz,
although it will be oversized, but it may become very inefficient and overheat if
operated at 30 Hz.

Once the number of turns is chosen for the primary winding based on the above
considerations of trading off the number of turns and core cross-sectional area to
achieve an acceptable maximum field strength B, the number of turns in the
secondary winding is simply set by the desired voltage ratio. The core also
needs enough space to accommodate the winding coils. The wire gauge of the
coils will be set by the required current flow to keep the current density in the
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windings at an acceptable level to minimize I2R losses in the windings. The
core window area must be large enough to accommodate the windings which
scales with the number of turns and the required wire gauge based on maximum
current flow.

Applying all of the equations and the tradeoffs makes transformer design an
iterative procedure where some assumptions would need to be made and
calculations repeated. Various formulas have been developed for estimating a
core size given the inputs of Volt-Ampere rating for the transformer, maximum
allowable B field, lowest operating frequency, core geometry parameters, and
possibly other parameters such as wire resistivity, allowable conductor losses,
etc. All such formulas are based on the fundamental principle of Faraday's law
and basic geometry.

A transformer is a deceptively simple passive device, but designing one involves
manipulating many variables to produce a properly optimized design.

Transformer Construction

Transformers for power line frequencies and frequencies up to a few kilohertz
are constructed of interleaved sheets of electrical steel stamped to shape to
provide the core for the coil and a window area for the windings. The laminated
structure reduces eddy current losses. The surfaces of the sheets are coated with
a thin layer of a high resistivity finish. Figure 2 shows a typical transformer
indicating its laminated core structure. Various core geometries are common.
This one has its windings wound together in the same form.

Figure 2. Photograph of a transformer showing the laminated core structure.
The dotted seam indicates how the sheets are interleaved.
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Transformer Equivalent Circuit

An equivalent circuit of a transformer with all quantities referred to the primary
side is shown in Figure 3. The quantities from the secondary side reflect to the
primary with a 1/N2 factor, where N is the secondary to primary turns ratio.

Cw

]

L
2 ; N2 N2
]

N = Secondary turns/Primary turns

Figure 3. Equivalent circuit of a transformer with all quantities referred to the
primary side.

In the equivalent circuit model, RL is the load resistance. Rs is the secondary
winding resistance. Ls is the secondary winding inductance. Rp and Lp are the
primary winding resistance and inductance, respectively. Re represents the core
losses and it is composed of eddy current losses and hysteresis losses.
Le represents the effect of cyclical magnetization of the core, which involves the
shifting of domains of the ferromagnetic material, so it is modeled as an
inductor.

The parasitic capacitances created by the close interwinding spacings and the
windings to case capacitance are lumped together as a single pair of capacitors,
Cw and Ce, but they are complicated because of the many windings creating a
myriad of parasitic capacitance effects. Fortunately, these capacitive effects are
small and can be neglected at low frequencies.

Transformers at High Frequencies

The physical size of inductors and transformers shrinks as the frequency of
operation increases because of the 1/w effect on the flux density in the core.

Hysteresis losses increase with frequency because of the increased rate of
cycling around the B-H loop, therefore, very soft ferromagnetic materials are
required for high frequencies. Eddy current losses are proportional to the square
of the frequency, because, by Faraday’s law, the induced voltage driving the
eddy currents IS proportional to do/dt.
Laminated electrical steel core transformers are used to frequencies up to a few
kiloHertz. For frequencies beyond about 10 kHz, ferrites are commonly used.
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Ferrites are ceramics. They are blends of metal oxides composed mainly of
oxides of iron, manganese, zinc, and nickel. Ferrites have much lower
permeabilities but vastly higher resistivities. The magnitude of the induced eddy
current varies inversely with the material's resistance, so the eddy current I12R
loss will drop proportionally with an increase in resistivity.
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TEXT 9.15

Measuring Power Using AC Wattmeters/ Wsmepenne MomHoctn C
[Tomompto Bartmerpos Ilepemennoro Toka - RYABININ

September 15, 2022 by Amna Ahmad (6525)

The wattmeter is a combination of an ammeter and a voltmeter. It measures
both voltage and current and determines the resultant power.

Electric power is measured using an instrument called a wattmeter. The
wattmeter comprises two coils—one for current and the other for voltage.

Power Dissipation

Heat is dissipated when an electric current flows in a conductor due to work
done in moving electrons past atoms. Work is also performed in a lamp filament
when the electric current is converted into light. Similarly, work is done when a
speaker converts electric current into sound and when an electric motor
produces motion.

The time rate of doing work is Power (P).

If a certain amount of work (W) is done in a time (t), then P=W/t. It can be
demonstrated that the power supplied to any electrical component is:

\[Power=Current\times Voltage\]
Or
\(P=EI\) (1)
The watt (W) is the unit of electric power.

When an applied potential difference of 1 V causes a current of 1 A to flow in a
circuit or device, the power supplied is

\[P=EI=1V\times1A=1W\]
From Ohm's Law,
\[E=IR\,and\,R=\frac{E}{1}\]
Substituting for I in Equation (1) gives
\[P=\frac{E}{R}\times E\]
Or
\(P=\frac{EM{2} }{R}) (2)
And substituting for E in Equation (1) gives
\[P=I\times IR\]
Or
\(P=I"{2}R)) (3)
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From Equations 1, 2, and 3, it is seen that power can be calculated from a
knowledge of any two of E, I, and R.

Electric heating elements convert electricity into heat for boiling water, space
heating, etc. As illustrated in Figures 1 (a) and (b), power supplied to an electric
lamp is converted into light, and a speaker converts input power into sound. The
instrument employed for measuring power is called a wattmeter.

7\ [y
w—

a. The power dissipated in a lamp is converted into light.

b. Power supplied to a speaker is converted into sound.

Figures 1 a and b. Power is dissipated when an electric current flows. Power
can be converted into light, heat, sound, and mechanical motion.

AC Power Measurement

The dynamometer instrument can be employed as a voltmeter or ammeter or, in
its major application, as a wattmeter. Consider the illustrations in Figure 2 that
show the field coil and moving coil of a dynamometer instrument connected in
series. With current flowing in the direction shown in Figure 2(a), the field coils
set up fluxes with N poles on the right-hand side and S poles on the left-hand
side. Also, the moving-coil flux has the polarity illustrated, S at the bottom and
N at the top. The N pole of the moving-coil flux is repelled from the adjacent N
pole of the field coil flux, and the two adjacent S poles also repel each other.

The moving coil is deflected clockwise, causing the pointer to move over the
scale from left to right.

Now consider the effect of reversing the direction of the current through the
coils. As illustrated in Figure 2(b), the field coil fluxes are now S on the right-
hand side and N on the left-hand side. The moving-coil flux is also reversed,
having S at the top and N at the bottom. Once again, like poles are adjacent to
each other, and the pointer moves from left to right over the scale.
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b. Current flowing from right to left produces a positive deflection

Figures 2 a and b. When the current flow through a dynamometer instrument
reverses, both the field flux and the moving-coil flux reverse directions. The
pointer deflection is unaffected. This makes the instrument suitable for
application to AC measurements, as well as DC measurements.

It is seen that the dynamometer instrument has a positive deflection, regardless
of the direction of the current through the meter. The meter terminals are not
marked positive (+) or negative (-); the dynamometer instrument is un-polarized.
So, the instrument gives a positive deflection when either direct or alternating
current flows through the coils. As an ammeter, the instrument's scale can be
read as direct current when measuring DC and as the rms value of alternating
current when measuring ac. Similarly, as a voltmeter, the dynamometer
instrument indicates DC volts or rms AC volts. The instrument's scale can be
calibrated on DC and then used to measure AC.

For AC and DC, the major application of the dynamometer instrument is as
a wattmeter.

As illustrated in Figure 3(a), the connection for measuring AC power is similar
to that for measuring power in a DC circuit. The input terminals of the voltage
and current coils are identified with a &, |, or * sign. The marked terminal of the
current coil should be connected to the supply, and the voltage coil marked
terminal connected to the load side of the current coil. In alternating-current
applications, the load current could lead or lag the load voltage by a phase angle
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(). The instrument deflection is proportional to the in-phase components of
current and voltage. Thus, as shown in Figure 3(b), the instrument indication is
proportional to El cos¢. The true power dissipated in a load with an AC supply
Is P =EIl cos¢. So, when used as an AC wattmeter, the dynamometer instrument
measures the true power supplied to the load.

Field coils

_/"_l'\\‘ [
( e |
v\\\-T// ‘
N Moving Al
k\&/} R g coil E ’ | | Load
.‘-'(
Multiplier
resistor

a. Dynamometer instrument as an AC wattmeter

[cosd _ E

Meter deflection = El cos ¢

b. Phasor diagram of load current and voltage

Figure 3. The deflection of the pointer on a dynamometer wattmeter is
proportional to El cosg, so the instrument measures true AC power.

Example 1

A wattmeter measures the AC power delivered to a load as 100 W, and an
ammeter and voltmeter indicate that the load current and voltage are 1.5 A and
100 V, respectively. Calculate the phase angle between the current and voltage.

Solution
\[True\,Power=P=Elcoso\]
So,
\[cosp=\frac{P}{EI}=\frac{100W}{100V\times1.5A}=0.667\]
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And,
\[p=c0os™{-1}(0.667)=48.2°\]
Example 2

A 115 V source supplies 700 mA to a load. If the power supplied to the load is
measured as 75 W, determine the phase angle between the load current and the
supply voltage.

Solution
\[cosp=\frac{P}{El}=\frac{75W}{115V\times100mA}=0.932\]
And,
\[p=c0s{-1}(0.932)=21.3°\]
Key Takeaways—AC Wattmeters

Electric power can be measured with test instruments such as wattmeters, power
quality meters, and clamp-on ammeters. A wattmeter is a test instrument to
measure true power in a circuit. A wattmeter is provided with a scale that is
usually graduated in watts (W), kilowatts (kW), or megawatts (MW). A
wattmeter is used to analyze circuits by measuring the true power. Depending on
the system connections (whether a Wye-connected or Delta-connected), several
wattmeters can be used to measure true power in a three-phase system.
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IIpunoxenue A

OmnpeaesieHus JEKTPUYECKUX eAUHUL U3MepeHust/
Electrical Units Definitions

Volt (V)
Volt is the electrical unit of voltage.

One volt is the energy of 1 joule that
Is consumed when electric charge of
1 coulomb flows in the circuit.

1v=1/1C

Ampere (A) [‘ampe?]

It measures the amount of electrical
charge that flows in an electrical
circuit per 1 second.

Ampere is the electrical unit 1A =1C/ 1s
of electrical current.
ohm (Q) 1Q=1V /1A
Ohm is the electrical unit of It measures the rate of consumed
resistance. energy.
Watt (W) [wot] IW=1J/1s
Watt is the electrical unit of electric 1W =1V - 1A

power.

Hertz (Hz) [h3:ts]
Hertz is the unit of frequency.

It measures the number of cycles per
second.

1Hz =1cycles/s

Decibel-Watt (dBW)

Decibel-watt or dBW is a unit
of electric power, measured with
logarithmic scale referenced to 1W.

10dBW = 10 - logio(10W / 1W)

Farad (F)
Farad is the unit of capacitance.

It represents the amount of electric
charge in coulombs that is stored per

1 volt.
1IF=1C/1V
Henry (H) 1H=1Wb /1A
Henry is the unit of inductance.
Siemens (S) [ 'si:manz] 1S=1/1Q

siemens is the unit of conductance,
which is the opposite of resistance.
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Coulomb (C) [ 'ku:lom]

Coulomb is the unit of electric
charge.

1C = 6.238792x10*8 electron charges

Ampere-hour (Ah)
Ampere-hour is a unit of electric

One ampere-hour is the electric
charge that flow in electrical circuit,
when a current of 1 ampere is

charge. applied for 1 hour.
1Ah = 1A - 1hour
One ampere-hour is equal to 3600
coulombs.
1Ah = 3600C
— 2
Tesla (T) 1T =1Wb/1m
Tesla is the unit of magnetic field.
IWb =1V - 1s

Weber (Whb)

Weber is the unit of magnetic flux.

Joule (J)
Joule is the unit of energy.

1J=1Kkg-m?/s?

Kilowatt-hour (kWh)
Kilowatt-hour is a unit of energy.

1kWh = 1kW - 1h = 1000W - 1h

Kilovolt-amps (kVA)
Kilovolt-amps is a unit of power.

1kVA =1kV - 1A =1000 - 1V - 1A
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IIpuioxenue b

Yrenne xumnueckux ¢popmya/ Reading Chemical Fomulars

BykBbI 1aTHHCKOTO ajgaBuTa, 0003HAYAIOIINE Ha3BAaHUS AIIEMEHTOB,
YUTAIOTCS TakK ke, Kak OYKBBI aHrauickoro andasuta, Harpumep: HoO—
[“eit] 'tu: 'ou];

3nak + yuraercs plus, and wim together with.

3HaK — 0003HaYaeT OJIHY CBSI3b U HE YUTAETCS.

3Hak = yutaetcs give(s) uau form(s).

3nak — unraercs give(s), pass(es) over to uau lead(s) to.
3nak < uuraercs forms and is formed from.

IIpumepsl:
AgNOs; ['ei'dszi: 'en 'ou 'Ori:];
C + 02 — COz: C plus O two give CO two or: one atom of carbon reacted

with one two-atom molecule of oxygen and produces one molecule of
carbon dioxide;

N+ 3H, — 2NHs: N two plus three molecules of H two from and are
formed from two molecules of NH three ['en 'tu: plas '0ri: 'molikju:lz ov
'eit/ 'tu: 'fo:m ond a: 'f>:md from 'tu: 'molikju:lz ov 'en 'eit] 'Ori:]

UYreHne ypaBHeHunn /Reading equationsbi:
Zn + H2S504 — ZnS04 + H>

“One atom of zinc reacts with one molecule of sulphuric acid producing
one molecule of zinc sulphate and one molecule of hydrogen”.

H*+ NaHCO3; — Na* + H,CO4 — Na* + H,O + CO; ['haidrad3on 'aion
'plis 'en 'ei ‘eit] 'si: 'ou'ri: 'givz 'neitriom ‘aion 'plis 'eit] 'tu: 'si: 'ou 'Ori:
'givz 'neitriom ‘aion 'plis 'eit] 'tu: 'ou 'plis 'tu:'si: ‘tu:].
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IIpuioxenue B
Cunucok xumunueckux iemenron/List of Chemical Elements

Ac — actinium [&K'tiniom] akTuHU#

Al — aluminium [,alju'minjom] amromunui
Ag — argentum [a:'dzentom] cepeGpo

Am — americium [,&ma'risiom] amepuruii
Ar — argon ['a:gon] aproun

As — arsenic ['a:snik] mbImibsk

At — astatine ['asta'ti:n] actar

Au — aurum=gold ['2:rom], [gould] 30;10TO
B — boron ['bo:ron] 6op

Ba — barium ['besariom] Gapuii

Be — beryllium [be'riljom] Gepumimii

Bi — bismuth ['bizmoe] BucmyT

Bk — berkelium [,ba:ki'liom] 6epkenuii

Br — bromine ['broumi:n] 6pom

C — carbon ['ka:ban] yraepon
Ca——calcium ['kaelsiom] kanbIwii

Ce — cerium ['s:riom] mepwui

Cd — cadmium ['kedmiom] xagmuii
Cf—californium [ keeli'fo:niom] kanudopHuii
Cl — chlorine ['klo:ri:n] xmop

Cm — curium [‘kju:riom] Kropmuii

Co — cobalt [ko'bo:1t] xobanbT

Cr — chromium ['kroumjom] xpom

Cs — caesium ['si:zjom] 1e3umii

Cu — copper ['kopo] mean

Dy — dysprosium [dis'prousiom] gucmpo3uii
Er — erbium ['a:biom] sp0Ouii

Es — einsteinium [ain’stainiom] >WHIITCHHMIHA
Eu — europium [ju:'roupiom] eBpomwii

F — fluorine ['fluori:n] ¢pTop

Fe — ferrum ['ferom] »xene3o

Fm — fermium ['fo:miom] pepmuii

Fr — francium ['freensiom] ¢ppannumii

Ga —qgallium ['gaeliom] raymit

Ge — germanium [dzo:'meiniom] repmaHuii



Gd — gadolinium [gada'liniom] ragoauHmit

H — hydrogen [‘haidridzon] Bogopoa

He — helium ['hi:ljom] renwmii

Hf — hafnium ['haefniom] radguuii

Hg — hydrargyrum=mercury [hai'dra:dgirom], ['ma;kjuri] pryTh
Ho — holmium ['houlmiom] roiemuii

| — iodine [‘aiadi:n] fiox

In — indium ['indiom] wHaNH

Ir — iridium [ai'ridiom] upunnii

K — kalium ['keiliom] xanui

Kr — krypton ['kripton] kpunrton

Ku — kurchatovium [ kurfa'toviom] kyp4aroBwuii
La — lanthanum ['leeneanom] nantan

Li — lithium ['Tieiom] nuTuit

Lr — lawrencium [,lo:'rensiom] toypeHcuun

Lu — lutecium [lju:'ti:fiom] imroTenmii

Md —mendelevium [,menda'leviom] MeHxeaeBHit
Mg — magnesium [meg'ni:zjom] Mmarauii

Mn — manganese [,manga'ni:z] mapranerr

Mo — molybdenum [mo‘libdinom] Mmoau0aex

N — nitrogen ['naitridson] a3or

Na — natrium ['neitriom] HaTpuii

Nb — niobium [nai'oubiom] HroOui

Nd — neodymium [,ni:o'dimiom] Heoaum

Ne — neon ['ni:on] HeoH

Ni — nickel ['nikl] aukens

No — nobelium [nou'beliom] HoOemuUit

Np — neptunium [nep'tju:njom] HenTyHHUH

O — oxygen ['oksidzon] kuciopon

Os — osmium [*9zmiom] ocmmit

P — phosphorus ['fasfaras] docdop

Pa — protactinium [,proutek'tiniom] mporakTuHUH
Pb — plumbum ['plambom] cBuHery

Pd — palladium [po'lerdiom] masmaguit

Pm — promethium [pro'mi:ejom] npomerwii

Po — polonium [pa'louniom] mosioHwi

Pr — praseodymium [,preizio'dimiom] mpa3zeoaum
Pt — platinum ['pletinom] matuHa
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Pu — plutonium [plu:'tounjom] mnyronuii
Ra — radium ['reidjom] paamii

Rb — rubidium [ru:'bidiom] pyouamii
Re — rhenium ['ri:niom] penui

Rh — rhodium ['roudjom] pouii

Rn — radon ['reidon] pagon

Ru — ruthenium [ru:'ei:niom] pyTeHuit
S — sulphur ['salfa] cepa

Sb — antimony ['entimoni] cypeMma

Sc — scandium ['skeendiom] cxanuit
Se — selenium [si'li:njom] cenen

Si — silicon ['silikon] kpemHuu#

Sm — samarium [so'meariom] camapuit
Sn — stannum ['stenom] o080

Sr — strontium ['stronfjom] cTpoHIHii
Ta — tantalum ['tentolom] TanTan

Th — terbium ['to:biom] TepOuii

Te — technetium [tek'ni:[iom] TexHeruit
Te — tellurium [te'ljusriom] Temnyp

Th — thorium ['eo:riom] Topwuii

Ti — titanium [ti'teinjom] TuTaH

Tl — thallium ['ealiom] Tammmii

Tm — tullium ['taliom] Tymmit

U — uranium [jua'reinjom] ypan

V — vanadium [va'neidjom] Banaauii
W — wolfram [‘wulfrom] Bonbsdpam
Xe — xenon [‘zenon| KCeHOH

Y — yttrium ['itriom] urTpmii

Yb — ytterbium [i'to:bjom] urrepOuii
Zn — zinc [zink] muHK

Zr — zirconium [za:'kounjom] mupkoHui



Ipuioxenue I'

CnMcoK cOKpaleHuil NcmoJib3yeMbIX B cxemMax/
List of Abbreviations Used in Schemes

A/C Hed
ABC(automatik brighess limiter)

AC (alternating curent)

ACC(automatic color control)

ACK (automatic color killer)

ADC(analog to digital converter)
ADD (adder)

A.DUB(audio dubbing)
ADJ(adjust)

AE (audio erase)

Aerial

Af (audio frequency)
AFC(automatic frequency control)

AFT (automatic fine tuning)

AGC(automatic gain control)

ALC(autamatic level control)

AM(amplitude modulation)
AMP(amplfier)
APC(automatic phase control)
APC(automatic phase control)

APS(automatic program search)

CHHXpO3BYKOBas rOJIOBKa
aBTOMAaTHYECKOE OIPaHUYEHUE IPKOCTU
MIEPEMEHHBIN TOK

aBTOMaTHyecKas CTaOUIu3alus ypoBHS
LBETHOCTH (BCHBILIEK MOIHECYIEH)

ABTOMAaTH4YCCKOC IMOJaBJICHHUC CUTHAJIOB
OBETHOCTHU

Amnanoro-1udpoBoii mpeodpa3oBaTeNb
JIOTIOJTHSIEMOE

nepesanuch 3ByKa

perynupoBka

ctupanue GOHOTPaMMBbI

aHTEHHa

3BYKOBasl 4aCTOTa

aBTOMAaTHYeCKasl MoJIcTpoiika yacToTel( AITY)
TOYHAas aBTOMAaTUYEeCKasi HaCTpOiKa

ABTOMAaTHU4YCCKas pEryJInpoBKa YCUIICHHUA
(APY)

ABTOMATHYECKas PETyJIUPOBKa YPOBHS
(curnana)

aMIUIMTYIHAsl MOIYJIALIHS
YCUIIATEIb

aBTOMaTHyecKas nojacrpoiika gassi(AIIY)
aBTOMaTHyecKas noactpoika gaspl(AlID)
aBTOMAaTUYECKHUI MOUCK IPOrPAMMBbI
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ASO(active sidband optimum)

AUX(auxiliary)
AWB (automatic white balance)

B (BLU)(color signal BLUE)
BF(burst flag)

BGP(burst gate pulse)
Bias

BPF(bandpass filter)
Brake

BSP(bandstop foiter)
BLK(blankin)
C(CHROMA)
C_ERR

CAM SW

CAPST (capstan)
CARR(carrier)

CATV(cabl TV)

C.FG/CFG(capstan frequency generator)

C.F.R./C.FREE RUN(cfpstan free run)

CH(chennel)
Circuit
Clip(Clipper)

CLK(clock)
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y3€eJl BOCCTAaHOBIICHUSI BEPXHEH OOKOBOM
I10JIOCHI BUJCOCUTHAIIA

BCIIOMOTATEIbHBII
aBTOMAaTHYECKUI OanaHc Oeoro
CHUT'HAJI CUHETO I[BETa

YaCTOTHAs BCIBIIIKA(CUTHAI IIBETOBOM
BCIIBITITKN)

CTPOO-UMITYJIEC BCIBIIIKH
HaNpsDKEHUE CMEILeHNUs], IO AMar HHYMBaHUs
M10JIOCOBOM (UIIBTP

pepBaTh, OCTAHOBUTH, TOPMO3
3arpakJ1arouiuil GuiIbTp

ramieHye, 6JaHKMPOBAaHUE, BBIKIIIOUEHUE
COCTABJIAIOIIAs IBETHOCTU
IOTPEIIHOCTD BPAIllCHHs BEYLIETO Bala
IIPOrPaMMHBIN NIEPEKII0YATEIh
JBUTATEIIb BEAYIIETO Bajla

Hecyllasi 4acToTa

KabeIbHOE TeNIeBUACHUE

CUTHAJI IaTYMKA YACTOTHI BpAIICHUS
BEyIIEero Baja

CBOOO/THOE BpaIlleHUE BUCO rOJIOBOK(IIPH
OTKJIFOUEHHOU CHUCTEME aBTOMATHUYECKOTO
perynMpoBaHus BeIyIIEro Baja)

KaHal

cxema

OTpPaHUYHUTECIIb, KIIUIICPD

TaKTOBBIN CHUTHAII



COL(color)

Comb
Comp(a)(comparator)
COMPE(compensator)
COMP(0)(composite)

Connector
Control Unit

CONV/(converter)
CORR(correlation)

COUNT (counter)
CPU(central processing unit)

Cros modulation
CS(converter subcarrier)

CST(cassette)
C.SYNC(composite synchronizing signal )
CTL(control track pulse (control))

CTL-HEAD
CUE

CVS(composite videj signal)
Cyrrent

CYL(cylinder)

D(drum)

D/A (digital to analog converter)

D.AFC

IIBET
rpebenyarsiii puabTp
Kommaparop
KOMIIEHCATOP
MTOJTHBIN, CMEITaHHBIA
Pazwnem, coequnenne

YIPABIISIIONIEE YCTPOMCTBO, PErYITUPOBOYHBIN
y3en

npeoOpaszoBareib
KOppeJIsius, CpaBHEHUE
CUCTUHK

LHEHTPAJIbHBIN MPOLIECCOP
fepeKpecTHas MOLYJISALUUS

npeoOpa3oBaHHas IMOHECYIast CUTHAJIIOB
[[BETHOCTH

Kaccera
MOJTHBIN (0OITNIT) CUTHAJI CHHXPOHU3AINHT
pEryJIHpOBKa, YIIPaBIICHUE
CHHXPOTOJIOBKA

YCKOPEHHOC BOCIIPOU3BECACHUE B ITPAMOM
HallpaBJICHUHU

ITOJIHBIN BHUACOCHUTHAJI
TOK
010K BHACO I'OJIOBOK

OapabaH, qBUTATENh "0JI0KA BpAIIAIOIIUXCS
roJoBOK"

U (po-aHAIOTOBBIN NpeoOpa3oBaTeb

CUCTEMA aBTOMATHYCCKOTO PCTYJINPOBAHUA
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D.APC

D-D(direct drive)

D.LIM(dark limiter)

D.FG(drum frequency generator)

D.PG(drum frequency generator)
D/C (dark clip)

DATA

DDC(direct drive cylinder)

DE-MPH(A) (deemhasis)

DEV (deviation)

DIFF.AMP (defferiminator amplifier)
DISCR(discriminator)

DISP(display)

DL(delay line)

DM (drum motor)

DO(dropout)

DOC(dropout compensator)
DRV(drive)

D/W(dark/white)

E-E(electronic to electronic)

E.Q.AMP

E.S.(end sensor)
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YacTOTHI BpalleHUs "OJ0Ka BPAIAIOIINXCS
roJIOBOK"

CUCTEMa aBTOMATHUYECKOTO PETyIUPOBAHUS
"OJI0Ka BpalllaroIIuXcs roJ0BOK"

IIPSIMOY TIPOBOJ
OTPaHUYUTENb(ITMKOB) TEMHOTO

JaTYUK(CUTHA JAaTYMKA) YaCTOThI BPALLEHUS
"OJI0Ka BpalIaroIINXCs TOJIOBOK"

CUTHAJI JaTYMKa MOJIOKEHHS BUJIEO TOJIOBOK
OTPAHUYUTEID
Jlannbie

[Tpstmotii sanekTponpuBoA "610Ka
BpAILIAFOIIUXCS TOJIOBOK"

Koppeknusa nonuecymien

JeBuarust

JuddepeHunanbHpIii yCUITUTETh
JUCKPUMHUHATOP

DKpaH, TuCIUIeh

JIuHus 3amepxKu

JlBurarens "0G10Ka BpaIIarOIINXCs TOJOBOK"
BbINIQ/ICHUS

KomnieHncaTtop BbinageHus

Cxema ynpaBlieHuUs

Yepno/Genoe

Pexxum KOHTPOIISI BXOJJHOTO BUJIEO CUTHAJA
Ha MOHUTOPE C UCIOJIb30BAHUEM
KOMIIOHEHTOB KaHaJla BOCIIPOU3BEICHUS

Ycunurens KOppeKTop

I[aT‘-II/IK KOHIIAa JICHTHI



E.SW(electronic switch)
EMPHA(emphasis)

ENV

EQ(equalizer)

Erase current

ETC(electronic tape counter)
ETX(external)

F(fuse)

F.ADV((frame advance)
F/V(frequency to voltage convertor)
F.FWD(fast forward)

FG(frequency generator)

FH

FI

FM(frequency generator)
FREQ.COMP.(frequency compensator)
FS(frequency shift)

FSC(sub carrier frequency)

FV(false vertikal)

Gain

Gate
Gen(generator)
GND(g) (ground)
H(horizontal)

H(high)

ONEKTPOHHBIN KIIIOY
[Ipenuckaxenus

Orubaromas

Koppexrop, sxBanaizep

Tox ctupanus

DJNIEKTPOHHBIN CUETUUK JITTUHBI JICHTHI
Bremnuil, HapyXHBIN
IIpenoxpanurens

[ToxagpoBbIil TPOCMOTP
[IpeobpazoBarenb yacToTa-HAMPSIKEHHUE
[lepemoTka Bepen

I'enepaTop 4acTOThHI

Beicokas yacrtoTa

Hu3skas gacrora

YacToTHasg MOIYIISIIUA

YacTOTHBIN KOPPEKTOP

CnBur (yXom) 4aCTOTHI

YacroTa nogHecyiein

I/IMHYJ'H:CBI 3aMCIICHHA KaAPpOBOTI'O CUIHAJIA

BIIEpE]]

Ycunenue

Ctpob

I'enepatop

3emi1s, Kopiryc, oOmui
I'opu30HTaNBHBIN, CTPOYHBIN, CTPOKA

Bricokuii Iornyeckuil ypoBeHb
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H(head)

HD(horizontal drive)
H.SYNC(horizontal sync)
HG(Hall generator)
H.P.AMP

HPF(high pass fillter)

HSP(H.SW.P)(head switching pulse)

HSS(helical scan system)

HSS(horizontal sync.separator)

IC(integrated circuit)
IF(intermediate frequency)
IND(I)(indicator)

INT (internal)

INV (inverter)
I/O(input/output)
IR(infrared rays)
KILL(Killer)

L (laoding)

L(LUM)

L(LOW)

LCD(liquid crystal display)
LED(liquid emitting diode)
LF(lof frequency)

Lin(linear,line)
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I'onoska

Cursain cTpoYHON CUHXPOHU3ALUU
CTpOuHBI CHHXPOUMITYJIBC
I'enepaTtop(narunk) Xosia
Yennurens BEpXHUX 4acTOT
@uIbTp BEPXHUX YACTOT

I/IMHYJ'II)CI)I NEPCKIOYCHUSA MPEABAPUTCIIBHBIX
YCI/IJ'II/ITGJ'IGI\/'I BOCIIPOU3BEACHHUA

Cucrema HaKJIOHHO-CTPOUYHOM 3amKcH-
BOCIIPOU3BE/ICHUS

CeNeKTop CTPOYHBIX CHHXPOUMITYJIECOB
WHTerpanpHas cxema

[IpomexxyTouHas yacToTa

Nupukatop

Buyrpennuit

NuBepTop

Bxon/Beixon

NudpakpacHbiii 1y4

M0JIAaBUTECh

3arpy3ka(KacceThl)

ﬂpKOCTB, SPKOCTHAA U CUHXPOHU3UPYROIIAd
COCTaBJIAOIIME IIOJTHOI'O TCJICCHUIHAIa

Hu3skuii tornueckuii ypoBeHb
KuakokpuCTaNIMYECKUNA TUCTUICH
Ceeroaunon

Huzkue (3ByKOBBIE) YaCTOTHI

JIMHENHbBIN, TUHUS



LIM(limiter)

LM(loading motor)

LNC(line noise canceller)
LP(long play)

LPF(lov pass filter)
L/R(left/right)

M.C.A.(motor control amlifier)
MAN(manual)

MEM(memory)
MIC(microphone)

MIX(mixer)

MMV (monostable multivbrator
MOD(modulator)

MODE SW

MPX(multiplex)

MPU (microprocessor)

MUTE

MX(matrix)

NC(not connected)
N.CAN(noise cancel)
NFB(negative feed back)
NL(noise reduction)
NOC(normally open contact)
NR(noise reduction)
NTSC(National Television System Committe)

OSR(oscillator)

OrpaHnuuurenb

JBurarens 3arpy3ku (KacceThbl)

Cxema nojaBieHus Uyma
3amesieHHOE BOCIIPOU3BEICHUE
OunbTp HU3KKUX YacToT (OHY)
JleBbIii/ipaBbIii

VYceunurens CUTHaNIA yIIPaBIICHUS JIBUTATENIEM
PykoBoncTBO, naHens ynpasieHUs
ITamsTh

Muxkpodon

Muxkmep

Knymuit mynsTuBuOpaTop

Mo aynstop

[lepexmtoyaTens pexuma
MynbTHUIIIIEKCOP

Mukpomnporieccop

brnokupoBka 3Byka

MaTpula

CB0OOIHBIN, HE MTOACOCTMHECHHBIN (BBIBO)
YCTpoHCTBO IIYMOMOHIKEHUS
OtpunarenbHas oOpaTHas CBS3b
Orpanuuurenb

3aMBIKAIOIUNA KOHTAKT
[llymononasnenue

Cucrema netHoro tenesuaenus CIIIA

I'enepatop, ocuumiaTop
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OSC-CTR

OSD(on screen display)
OTR

Output

PS(Phase shift)
PA(pulse amplifier)
PB(playback)
P.cont(power control)
PB FM.Level

Peaking AMP

PEL(picture element)

PIF(picnure intermediate frequency)

PG(pulse generator)

PIP(picture in picture)
PLL(phase locked loop)
Pre.Amp

PWB(printer wiring board)
PWM(pulse width modulation)

R(red)(color signal red)
RAM(random access memory)

RC(reading clock)
RCP(remote control panel)
REC(record)

RECT (rectifier)
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VYupaBiieHue 4acToToi reHeparopa

Ha skpane nucruies

OrniepaTuBHas 3aIUCh

Brixon

®dazoBpamiaresnpb

NMnynbsCHBIN yCUITUTEND
Bocnpounssenenue

VYrpanenue 6JIOKOM MUTAHUS

Yposens BocniponsBeneHnss UM curnana
Yeunnurens co cxemont BU-kopeknun
DOnemMeHT u300pakeHus

[TpomexyTouHast yacToTa U300pa>keHus
['enepaTop UMIYIIbCOB, UCTIONB3YETCS TAKXKE
st o6o3uavenus curdgaia OC 1o
MOJIO’KEHUIO BUJIEOTOJIOBOK

Kaptunka B kapTuHKE

®dazoBas MOJICTPONKA YaCTOTHI
[IpenBaputenbHbIN YCUIIUTEND

[lewaTHas nara

[upoTHO-UMIynbcHasE Mo xysus(LLIIM)

Curnan KpaCHOI'O IB€Ta

3aroMHHaroIIee YCTPOMCTBO C TPOU3BOJILHOM
BBIOOpKOIT (O3Y)

Ortcuer KaapoB
[1ynbT TMCTAaHUMOHHOTO YIPaBIEHUS
3amnuch

BBIHpSIMI/ITeHL, ACTCKTOP



REF(reference)

REG(regulator)
REEP (reel pulse)

REW(rewind)
REV (reverse)

RF(radio frequency)
ROM(read only memory)

RT(rotary transformer)
RUN IND (runing indicator)

SC(sand castle)
SCR

SCL
SDA
SEL (select)

SENS(sensor)
SERVO

SEP(separator)

Sl(serial-data in)

SLD(side lock detector)
SIF(sound intermediate frequency)
Sol(solenoid)

SO(serial-data out)

S/N(signal to noise)

SP(standart play)

OrnopHblii curHan:
Crabunuzarop, peryasiTop

HNmMnynscel ¢ naTynka
BpallleHUs(II0IKATYILICYHUKA)

IIepemoTka
PeBepc, Hazan
Paano wactora

[TocTosiHHOE 3arTOMUHAKOIIEE YCTPOHCTBO
(I13Y)

Bpamarommuiicst TpaHcpopmarop
JlaTumk BpanieHus
CrtpoOupyrouuii UMITYIIbC

TakToBEIE HUMITYJIbChI HECHTPAJIBHOT'O
nporeccopa

TakToBas mmHa
IInsa JaHHBIX
Br16op

Jatamk

Cucrtema aBTOMaTH4ECKOTO
perynupoBanusi(CAP)

Cenexkrop

[TocnenoBaTenbHBINA BXOJT ITUHBI JAHHBIX
JleTeKTop BHEIIHEW CUHXPOHHU3ALUH
[IpomexxyTrouHast 4acToTa 3ByKa
Katymika snekrpomaraura

Brixon nocnenoBaTenbHbIX JaHHBIX
OTHOIIEHNE CUTHAI/IIIyM

CTaHIlapTHOe BOCIHPOHU3BCICHUC
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S.REEL (supply reel sensor)

SRCH(search)

SRV(servo)

S.TRACK(slow tracking)

STBY (standby mode)

S-VHS(syper VHS)

SW 25/30HZ(25/30 Hz head switching pulse)
SYNC(sinchronizing sighal)

Sys.con(system control)

PHOTO(take up photo)

T/L(tuner/line)

TP(test point)

T.REEL (take up reel sensor)
TRAP

UL (unloading)
V(vert)(vertical)

V.D.(vertical defrlection)

V.LOCK(vertical lock)

V.DRV/(vertical drive pulse)
VDUB(video dubbing)
V/F(voltage to frequency cjverter)
VHS(video home sistem)
Vol(volume)

V-REF(voltage reference)

VP(vertical pulse)
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JlaTuuk 1oJaroIero noAKaTyleyHuKa
ITonck

CepBo

3aMeUIeHHbIN TPEKUHT

Pexxum oxxnnanus(rorToBHOCTH)
Cucrema Bujeo3anucu

Curnain nepexiIroueHus BUJIEOTOJI0OBOK
Curnan CHHXpOHHU3AUU

VYrnpasieHue cucteMoun

®doTomaTunk(curHan GporogaTunka) pakopaa
Ha4dalia JICHTHI

CurHan nepexiatoYeHus: BXOJ0B
TecroBas Touka

[IpuemHas kaTymika (JaT4uK)
PexxekTopHbIil GUIBTP
Br16poc, pa3rpy3ka(kacceTsl)
BeprukanbHblii, KaJpoBbIi
BepTukanbHoe OTKIOHEHHE

Yacrora CJICA0BaHUA KaApOBBIX
CUHXPOHUMIIYJIbCOB

Kanpossiit umnyinsc

Ilepeszanuch BUI€O CUTHANIA
[IpeobpazoBarenb HaNpsHKEHHUE-9acTOTa
Cucrema BHJICO 3alIUCH

I'pomkocTh

OnopHoe HamnpsiKeHue

Kanposslii ummyibsc



VSS(vertical sync separator)
Vss(voltage super source)

VTR(video tape recorder)

WC(write clock)

WTH(color signal WHITE)

WTH BAL CONT (wite balanse control)
Y (liminance signal)

Y/C (luminance/cromiminance)
YE(YEL)(color signal YELLOW)

YL(luminance signal (low companent))

CenexTop KaJpoBbIX CHUHXPOUMITYJIbCOB
Hanpsixenne nuranus
BUJICOMAarHUTOPOH

BBox TakTOBBIN

Curnan 6enoro(1iBera)

Kontpons Oananca 6enoro

Curnain spkocTu

Curnan spKoCTH/IIBETHOCTH

Curnan xenroro (1Bera)

Curnan apkoCcTH(HU3Kasi KOMIIOHEHTA)
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Ipuioxenue /1

Yrenne maremarndeckux popmyn/ReadingofMathematical Formulas
1. Arithmetic, college algebra and geometry.
Common fractures

YucnuTenb BBIpAKACTCS KOJIMYECTBCHHBIM YHCIMTEIBHBIM (Hampumep, one, four,
twenty- five u T.1.), a 3HAMEHaTeNb — TMOPSIAKOBBIM YHCIMTENBHBIM (Hampumep, first,
fourth, twenty- fifth u 1.1.). Ecim uucnurens OoJibllie €AWHHIBI, TO 3HAMEHATENb
MPUHAMAET OKOHYAHHE MHOXKECTBEHHOTO 4Ymcia s. Ecmu apoOp sBisieTcss OyKBEHHBIM
BBIPAKEHUEM, TO OOBIYHO MCIOJIB3YETCSI KOHCTPYKIMS “UMCIIUTENb OVer ‘‘SHaMeHaTelb .

1 one half
2
1 one third
3
2 two thirds
3
26 twenty six thirty eights
38
g1 two and a half
=2
3 4 three and four fifth
5
m m over n
Lr:

Decimal fractions

B nmecaTuyHbIX ApOOSX IENI0€ YUCIO OTHENseTcs OT ApoOU TOYKOW, Ha3zplBaeMOU
“point”. Kaxmas nudpa uurtaercs otaenpHo. Houb yntaercs mubo kak “o [ou]”, mubo kak
“zero”. Honpb 1IEJIBIX MOXKET COBCEM HE UUTATHCH.

0.2 0 point two
zero point two

point two

0.06 0 point o six
zero point zero six
point o six

point zero six

1.25 one point twenty five

one point two five

e ol B o
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Indexes, powers and roots

Bepxuue 1 HIKHHME UHAEKCH B aHTJIMHCKOM Ha3bIBAIOTCSl COOTBETCTBEHHO “‘subscript”
u “superscript”. Hanmpumep, npousHocutcst kak “x sub n”, mpousnocurcs kak “z super k.
Yacrto, KOrJa HE BO3HMKACT IYTAHUIIBI C BEPXHUMH M HIDKHUMHU HHICKCaMU, (Halmpumep,
€CII BepXHHE MHJEKCHl HE HMCIIONB3YIOTCS) CI0Ba “‘sub” m “super” OMyCKaroTCs, U TOTIEC

IIPOMU3HOCUTCS KakK “a two”.

- asub m (a m)
1y 1. azero
2. a naught

[Ijﬂ

b super n (b n)

L,J k ¢ sub m n super j k
TN
. . 2
Bo3Benenue B creneHb To-aHTIMACKH — “raise to the power”. Hampumep .7,

npousHocuTcs Kak “x raised to the fifth power”. YkopoueHHbIMU BapuaHTaMu SBJISIOTCS ‘X
to the fifth power” wmm nmpocto “x to the fifth”. Jlns BTOopo#t u TpeThelt cTreneHn 0OBIYHO
WCIIONB3YIOTCS BhIpaxkeHus “Xx squared” m “x cubed”. Kopenb n-oit cTeneHn ynuTaeTcs Kak
‘the n-th root”. Kopuu 2-if u 3-if cremeHu uyuTaroTcs Kak “square root” u ‘“cube root”

COOTBCTCTBCHHO.

. X squared
. X raised to the second power
. X to the second power

. the square of x
. the second power of x

1
2
3
4. X to the second
5
6
y

cubed

1. z to the negative tenth

2. z to the minus tenth

t to the three halves

the square root of a

] 7 the cube root of seven
n +¢ﬁ the root of the power n plus k of three
1 the fifth root of b to the fourth
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Certain mathematical signs and expressions.

+

plus (the addition sign)

a-+b

1. aplusb;

2. sumofaand b;

minus (the subtraction sign)

a — b

1. a minus b;

2. difference ofaand b

—.r

1. minus X;

2. negative x

a plus minus b

a-+b

times (the multiplication sign)

a - bwm ab

1. atimes b;
2.ab

3. product ofaand b

cwm |

the division sign

@ bum @)D

1. adivided by b;
2. abyb
3. ratio ofa and b;

4. aoverb

t’f = h I/IJ'II/Ih | d

1. disdivisible by h

2. hisadivisor ofd

the equality sign

a=nh

1. aequals b;

2. aisequaltob

a+bh

ais not equalto b

a=h a is approximately equal to b
= the identity sign
a=h a is identically equal to b
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a < b a is greater than b
a = h ais less than b
a < b a is greater than or equal to b
a = h a is less than or equal to b
| T | 1. absolute value of x;
2. magnitude of x
! n factorial

the “end of the proof” sign

rpaBas [JieBasi| 4acThb
(ypaBHEHHMS U T.1.)

right-hand [left-hand] side
(of equation, etc.)

Brackets

()

1. parentheses (ex. urcio parenthesis)
2. round brackets

[]

1. brackets
2. square brackets

1)

braces

Ecimm HekoTOpOe BBIpaOXEHHE CTOUT B CKOOKaX, a K HEMY NMPHUMEHSETCS KaKas-IH0o
omepanus, TO B JaHHOM cllydae yrmoTpeOsieTcs CJIoBo “quantity’:

(a+ b)e = ac + be

a plus b quantity times ¢ equals ac plus bc

T+ ﬂE X plus a squared
L(:T,' + {1} 2 x plus a quantity squared
a4 :_;- aplus b over ¢
a plus b quantity over ¢

a4
o

Taxoke 1mojIe3HBIMU TCPMUHAMU ABJIAIOTCA CIICAYIOIIUC!

PaCKphbIBaTh CKOOKH

to expand

BBIHOCHTD CKOOKH

MHO>KHUTEIN)

3a (pa3naratb

Ha

to factor out (to factor)

IIPpUBOJUTDH HO,Z[O6HLI€ cl1aracMbiC€

to combine like terms




Intervals

(a,b)

open interval fromato b

[, b]

closed interval fromato b

(a, b

1. open from the left interval fromato b

2. closed from the right interval fromato b

la,b)

1. open from the right interval fromato b

2. closed from the left interval fromatob

Some geometric terms

( 1. abar;
2. vector a;
Sy angle alpha
MNABC triangle ABC
||{j_|| norm of a
(1 ||[{; ais parrallel to b
H_J_h a is perpendicular to b

2. Set theory.

Set-theoretic operations.

10 8 1. Aunion B
2. union of Aand B
Aim B 1. A intersection B

2. intersection of Aand B

A\ B

1. A minus B

2. set difference of A and B

symmetric difference of Aand B

AnB
A

compliment of A
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Operations of containment.

ac A

1. abelongsto A
2. ais an element of A

3. Acontains a

a¢ A

a does not belong to A

.-]. [:: BI/IJH/I"-]' g B

A is a subset of B

A>BwmAdA 2B

B is a subset of A

A¢ B

A is not a subset of B

List of standard sets.

the empty set

the set of natural numbers

2| Q

the set of integer numbers

the set of rational numbers

the set of real numbers

the set of irrational numbers

the set of algebraic numbers

the set of transcendental numbers

the n-dimensional real space

C the set of complex numbers
l‘E 4 the n-dimensional complex space
[ the n-dimensional projective space
A the power ser of A

Operations in topological vector spaces.

E:'E ('-]'}I/IJ'II/I .‘i

closure of A

0
A

interior of A
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t:; E| boundary of A
Ax B % g\irzrc(is;rzduct of Aand B
3. Cartesian product of A and B
A S B % 'dAirF()elcutSsEm of Aand B
AND ; Qggggg:rfduct of Aand B
3. inter_ior product of A and B
A/B e e
3. Mathematical logic.
) _1 W/ B AorB
AN Bum ALB Aand B
.’i HIIN _|.-]. notA
A= B Aimplies B
A~ B A is equivalent to B

Quantifiers.

v

“for any” nmm “for all”

“there exists”

=

“such that”

YreBdnelMN:n >

For any real r there exists a positive
integer n such that n is greater than r.

4. Calculus.

Functions.

y = f(x)

1. yequals f of x
2. y is a function of x

1. x equals f inverse of y

2. xis an inverse function of y

domain of the function f
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Bt iy

range of the function f

fog

composition of the functions fand g

cllokHast (PyHKIUs

composite function

HesiBHAS (QyHKIUS

implicit function

rpaduK QyHKIHN

graph of a function

Sequences and series. Convergence.

{In}

sequence X n

{Iﬂ ne1

sequence x n as n goes from 1 to infinity

series x n

Z L
-~ T
Z :T,'” — .15

sum of x nas n goes from 1 to infinity is equal
toS

x n diverges to infinity
X n goes to infinity

n=1
T, — A 1. x nconvergesto A
2. sequence X n converges to A
T — A 1. x n converges to A as n tends to infinity
Lo J-F - - - -
n—oa 2. X nconverges to A as n goes to infinity
3. X nconverges to A as n approaches infinity
€T, — 0 1. x ndiverges
2.
3.
4.

X n approaches infinity

S, =A<

series X n converges to A

Yo, =0

series X n diverges

Sz, = DNE

1. sum of the series x n does not exist
2. series x n diverges

Limits and convergence.

lim x, = A

i —0

1. limit of x n as n tends to infinity is equal to
A

2. X nconverges to A as n tends to infinity

lim f(x)

Pl

limit of f of x as x approaches a
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lim f(x)

limit of f of x as x approaches a from the left

r—a—10)
lim f |lf :li'} limit of f of x as x approaches a from the right
r—a+0
lim f(f} — A4 1. limit of f of x as x approaches infinity is
T—sog " i equal to A
e 2. limit of f of x as x goes to infinity is equal
flf;r} — A to A
P+

3. fof x approaches A as x goes to infinity

4. fofxconverges to A as x goes to infinity

lim f(x) = DNE

il

limit of f of x as x approaches a does not exist

Derivatives.

[

. T prime;
. derivative of f

%

. T double prime;
. second derivative of f

fﬂ'n"

. T triple prime;
. third derivative of f

f{n:l

. n-th derivative of f
. derivative of f of the order n

fa

. T prime x
. derivative of f with respect to x

1
2
1
2
1
2
1
2
1
2
1. delta x;
2
1
2
1
2
1
2
1
2

Ax .
. increment of x
pn L dx;
dx . differential ot x
df . df bydx
dr . derivative of f with respect to x
12 . dtwo f by d x squared
E{' . second derivative of f with respect to x
af . partiald f bydy
A . partial derivative of f with respect toy
f-'-’ second partial derivative of f
) with respect to x and y
NI
32 f
iyl
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Integrals

Jl' integral
” double integral
”]l triple integral
][ f [' ;T,'} dr 1. indefinite integral of fof x d x
2. general antiderivative of f of x
3] integral fromato b
¥!
i}-«} (improper) integral from a to infinity
!
][ ' w intergral of omega over gamma
T

Miscellaneous notations and terms.

_l f 1. the Laplace operator of f;
2. the Laplacian of f
‘l.,?_, f 1. gradient of f;
2. nablaf
gracl gradient
div divergence
rDt rotor
Im = imaginary part of z
Re = real part of z
res f ( E} residue of f of z at z equals a
T=a
”.“;” f::]i'} minimum of f of x as x runs over A
reA
AT flff} maximum of f of x as x runs over A
reA
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m sum of x nas n goes from1tom

Z Ly

n=1
Z T sum of x alpha as alpha runs over A
e A

H T product of X t as t is positive

£ =10
5. Greek alphabet.
Ao alpha N,v nu
B, beta EE Xi
Iy gamma 0,0 omicron
AD delta ILx® pi
E,e epsilon P,p rho
7 zeta Y0 sigma
Hn eta T tau
0.0 theta Y,v upsilon
L1 iota X0 phi
K,k Kappa X chi
AN lambda Y,y psi
M,u Mu Qo omega

174




	Введение
	1 Особенности перевода научно-технического текста
	2 Технические термины в английском языке
	3 Приемы словообразования в английском языке
	4 Сокращения в технических текстах на английском языке
	5 Конверсия слов в английском языке
	6 Структура предложения в англоязычных научно-технических текстах
	7 Алгоритм работы с текстом
	8 Тексты по физике
	TEXT 8.1
	TEXT 8.2
	TEXT 8.3
	TEXT 8.4
	TEXT 8.5
	TEXT 8.6
	TEXT 8.7
	TEXT 8.8
	TEXT 8.9
	TEXT 8.10
	TEXT 8.11

	9 Тексты по электротехнике
	TEXT 9.1
	TEXT 9.2
	TEXT 9.3
	TEXT 9.4
	TEXT 9.5
	TEXT 9.6
	TEXT 9.7
	TEXT 9.8
	TEXT 9.9
	TEXT 9.10
	TEXT 9.11
	TEXT 9.12
	TEXT 9.13
	TEXT 9.14
	TEXT 9.15

	Рекомендуемые источники
	Приложение А. Определения электрических единиц измерения 
	Приложение Б. Чтение химических формул

	Приложение В.Список химических элементов

	Приложение Г. Cписок сокращений используемых в схемах

	Приложение Д. Чтение математических формул


