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Figure 1 (Color online) The distribution of maximum wind speed
at QTT site.



HE R MBS J5E ORI

2014 F44%H F W

2104 3 mm. MHCEUE LS RS Gh, THEH
KRG &k, QTT GhEfEmMp B MmMALEE, WTF 6
mm, 3 mm 143 F i 28 W AR R A ).

TCLE A B SR 5 & SKA-FAST il & 14k
HEEE ) R g8, M7 o AR, o mlEr s 5T
MG, ML NEE R TG, QTT &
HbFH il e 28 FLN 2 R 2-3 G #3824k i@ i(UHF,
L, S KB | HEHAM#EET) (VHF, UHF #if). T
AL ZE R R S(UHF, C WE). N&E 6L
g G HEATEELE 20 BUE H, GhJosk
IR B LR UM A, JEH 1 GHz DLk
A G AR, AT g H S F EEROK A
B, RBLZ BT A A T3 i R TG 42 AR 5
LI, B PR MOT TAE RS8R, X Ee R ok 3R .
SRR QTT GHEMEL AN R, &hba s,
FH BT T bt R A — e EH, ART
KHATC LR IR (R .

3 BRARAHE

QTT MIBEF ARG & TR as M SHENIR . R
5o kil L v ce TR -2 1 (AN T TR K2 e AR AN
PUCHL B TC . Hods Ao BT I AR e, ik
ETTE 3). AR EER A Z 58 R S AR oL
PEMERAT o I (A . FRE I TR A . R &
LB A RSO AT (0 B 4) S5 4R

31 R&KAZE
QTT Mk B Rl K 2k, K H 3shim bl

0.010

IR = S AR . R LRI e 4R O R . Ty
AL, FIHA R eI &m0 i, RERIEERS
KGRI AIE R 7 KON RAUEE Effelsberg (1)
100 m 1424 i B TH R 26 1 S a5 P &
S5 T SR R AR ST BRI AR bR e i T, 4R
1 R ERAEARA I BRSO . SR e 1 22 I R Y 2
SRR s fE P RN R E 3, X ERRELNER
SS T R Am vRE D THT . R] ahb o T S T R AR S A5 22 O
77 R Bl SO TS AT E R 5 Fn i T 8]
e, AT DL I ) R Bl A% S I TR E T 3 A A K
T 4, SR AR A B R A AT B2 OR
TR FERE b, SRR PR R R R R,
FRAEDIR 25 22 SE PR 2k F g i P R ), DA A TE
REHE ). HIEL K& s AL,

T T ¥ O MR AR 2 (rms) £E S A =5 0 1T R R 1
LT 23R IEF] 0.6 mm, KA FE BB AL F] 0.3
mm, £KWIEITRAEEZEH 0.2 mm. AL EXH
bR, R 53 2 DA K 58 B i sk S5 R TR, ) 67U%
R T2 AT G, IR rms KB FRIAE] 0.07
mm. Fl S TR BE 2 R ST 173, B rms
FEZ 0.07 mm, BRI 47T 0.03 mm ZK.

REBFAES cm LUT KA B AF T 60%, 1E 1
em DL B A By B BOZ A SR TH AR AR, B AnAE
6 mm, 3 mm B, REMFEZKI AT LAk
FaliE L 50%H1 30%.

BE 30 B A )RS ) R AR T IR R 3R, R
H<4 m/s, HEE<2°C/h I, HHRFEEFIET] S arcsec,
nf EEREEIAT] 2.5 arcsec. SEHLXAMRARXT R 2%

0.009

0.008

0.007

N
I
=
<
A
9
©
o
©

0.006

0.005

0.004

T
z
1
|
|
|

6 dB5AE % (Linear)
z

614-1000 MHz

MHz

0.003

0.002 f-&b—

153-322 MHz
329-406 MH
406410 MHz

1370-1427 MHz
427-1606 MHz

1606-1723 MHz

0.001

0.000

1723-2655 MHz

2655-2700 MHz

220j0 Ml-jlz
44d0 Ml-jlz
450:0 Ml-j|z
830:0 Ml-iz
84d0 Ml-iz

QY0 O __©O N~ O I~ N v Y O

12100 MHz

2700-3300 MHz
3300-3400 leIHz
3400-4800 MHz
4800-5000 MHz
5000-6600 MHz
6600-6700 leIHz
6700-8600 MHz
8600-8700 MHz

8

- = v = =

2 (MEEhFE) QTT At ik RINE S AELTE

Figure 2 (Color online) The occupation ratio bar chart of radio band at QTT site.
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Figure 3 (Color online) The block diagram of QTT hardware system.
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Timing reference softwares

. Astronomical observation softwares
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Figure 4 (Color online) The block diagram of QTT software system.
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Table 1 Comparison of accuracy of different control methods
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Table 2 The preliminary scheme for QTT receiver system
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Figure 5 Overall architecture of multi-function digital backend.
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Figure 6 (Color online) Pulsars forming the arms of a cosmic
gravitational wave detector, or pulsar timing array (Credit: David
Champion).
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Figure 7 The stability of pulsar rotation and atomic clocks [20].

790

(IVEA G . 5 2@ VLBI R &, ] LARFoT
TSR A IR T B RN A B R A A B
], o R R R T RO R . SR A TR A
{2 HHT VLBI M sh & BRI, REE L H
KB B B I B 2 N gk SR 2 v R U RN 4y HE . &
53 R 2w R WL IATY 2 48 78 T B R R AL R
KEETB. QTT JIA VLBI J&, 765 R A BRET i
i 40 25 K BT 55 7 THI A B T TS R

AGN ¥ 5 LT A ik R B B 21 R AR AL, AR
AT AT Be AR A s b ik G 5 3 16 K /D A8 H B 161
Hrp WA R AR (D V)R ATREXS N % AGN H
SESTUR R, 2 H AT E PR bR K 2R 5 A B e
MR E 2 —. 5 IDV %2 N ZERIERE
B DA O 7 IR A4 SR A7 0 . 25 A2 PN B TR 8 ) F
i AGN MWL FEA B RS, # 2 IR R, 1
SN AR B R AT R B BB TG 2 2 R PR R
AL EHE. 110 m D4R 5 s BB I 80K KR &
E N IDV FWI R U, BT LA J S 55 KA A
IDV 1& FOUL A 7.

4.4 FHEYRINEIR K

QTT I\ REUE VLB M5 n] it — b it iE
B U AR R I AR PRUR IS 55 %8 AR AR I R B, o xS
HL5R 5| )i R G AT R PR A L s R BRI IR
JE AR, W 7 S R AT A5, fEH D
JE B R RE 7 W ¥ HUER L R, RS B
(5 A AL R .

LI A A A B 208 A 5] ROBE b ) il [ 245 44
FEAETRATTR B WY 1) o A A R 1) T AR, T
AT R E Y SR iR . R QTT, W] BALE
ERBERE LA <1 WSS BT KR E
R, FF5 B ZPEAR AT A O ¢ AT #ff 7 K
RE =P 1) 53 A

T A Ry 5 ) 5 A% 38 o 1 55 AH ELAE R R
= h - (WIMP)J& Majorana i+, {EREY) R b2
AHERSERA, HBERNIEAB RS2
FEAEFEDB RS, TTREM QTT FRIMFE, iy T s
R A .

4.5 VLBI X{ANE. Kb ERENB

QTT # A VLBI WLl & 7 A4 & 7 THK K 1
Z T FIER.



HE R MBS J5E ORI

2014 F44%H F W

H A% H 1 E bR R B3k S5 42 (ICRF) & 1998 7
YRS . 2009 4E & AR T ICRF M4 76 i A — b
KIKSH RS (CRS). i VLB & T 3414
T AN ST IR IR AR IE AL R, 2 3.5%3.5 “F 5 E—
Z 25 B LR TR S R 2% R0 RG B 5 7 A2 A X B A
HLYRIEAT B, A N SR AE IR B8 B 5° DAY
HALESHYE. ok 71 ICRS ] DL A & IR 25 18
WEETTHI MR, H2ZABVREERKT
Ot A I, 5] Gn 35 n B R S YR, Rk T R AN
P51 AR L. 31X B SROGE B 95 B 5 FIR, 1 0.1 Jy,
B AR AR S IR, A T R SR B e S e L
L, DR e e AT A B, R K AR A B
A L.

TRAAR I 5 R0 2% () 5 A7 75 B2 AR SC S35 3R O Al
S HL 228 RO 00 I T A B0 SRR 4 B S,
M2 5% R e A 2w U, 8 S
— /N E BRGS0 LUK B 5 AR S 1) e A e
BEREVHBERESE REBRMEZE KA. HH
B HRERE —RIET /DN, SHRENRES
PR BN 12 MRS, TERKOBRREA A TG
BRI E]. 110 m S EEEEBN VLBI M, K
VLBI Wl 5 B B 3 i — A= LL b, BEACH BT
30 A AT N L L S 45 5 T S R
Fo RN EE, HIEHRE T LR & 2 = A
9%, LLHATIEE R B S 5-10 .

TEMERB) J1 A AR, ol &5 T M ER R A
BEE, HhER H AR, SR ER I R s
3y, WMIARKRBIZ B, BRI 5T 7 1A 38 D I L v A
A, i ERE A H A AR, BHSEE
R E R LA IR AR &, XFF VLBI W
Tk, BB SR m g b, DLSCEURE I (15 2 &
FEERWE, RAKOGERLE AR R EFR.

QTT fI A VLBI WX T~ 8 B 2R 2= B8 % =% [A]
VLBI & Y gz, W [E VLBI I CVN)N T3 H T,
TEGE Mk — 5 2 =5 B R R ¥ T AR A,
45 CVN ¥4k 8 9 iR H TREEATIE S, QTT
A CVN LA, ¥ B33 m CVN R R BUE. i
L4zl 25 my Bl 25 m. = S0 m 5 R 40 m 4
M CVN JEAHIT, HA CNV+QTT, RIKZH 1N
1.8 £%, i LRI K Ll 65 m S HEmE, B
CNV+QTT+65 ¥, E N VLBI KRB 3 1.
B AR E VLBI WK AR A DA R B8 38 178 (1) 98 2= BRI AT

%, Fling . KB, PRt sk R ) EUE
R v R R B U

S I KBt o B F B e B A 1 X 3T QTT,
XFECGH VLBI (EVN) I TTik th AR5 23, K okt
uv 7, [FARTE 2 AN B E R RGN R L F
30%-70%. #4h, il K42 VLBI 3k 5 & e s
[MELZ H 2 VLBI 4RI R B, 5 22 b B G
WL, SESEEU B RIRSHE R, PRSI S% R
JHOTH 226 RIEB T ME—FBL.

4.6 KRXAEIMEZ HIRFKAK

W 9 2 B T 1B B2 O v 1 O R R A %
X AR T EEERAEEEERX. AR
HHD FRERAS R )RR BN, B, &80+
S TN - LK (19 o - STk = s e B = P S K (AR N
BEMEEEP H, ER0EEMEEEIST
A] SRR 731 2= BAX P B AL 22 2R 5

M QTT #ATAN T T, QXA
RAMEE B TE X AT &R S8 BmSES T
AR B T T AR H R T AT B A (A
LT K5y T 1Ak 22 S B B AR DL RN IR AN [E] ) 29 7
NEEERER YIRS, QTT HEHETE 1 cm £ 3 mm P EX
K B [ BR— WA K, IR AN I B R OR AR
TH—ANEEHBEEO, FIRZ 5 FilEgd T4
BRG], B, 761 om BB, AWIIEEZ N 500 %%
FeAr, 1M1 em & 3 mm BB, ATERIEEZEA 2000 £

SO 8). [ BrRSCHTE Bb vk BOwb i i /b,
30001 A=3mm——n
2500 -

8 a
S 2000 -
2
o -
& 1500 A=7 mm .
g \ " '] L]
o 1000 -
E=] L]
- A=13cm =
500 - —
. -
o4 ="
T T T T T T T T T T T
0 20 40 60 80 100

Frequency (GHz)

8 (MEEREFRE) AT MM S FILLE SMENKXR
Figure 8 (Color online) The spectrum line number versus observing
frequency.

791



FUF: HsEA G 110 KRBT E

LA GBT fIHAR 45 m S w4 H AT GBT
Y AL B 1) 7 4 A R, R N 2, 7R 4y i
2 LI 7 THI P B U B (] 2 B O B A A ), B R 4
PER IS [A] 1) 4-10 f%, 5T FARG 5 25 [A) B2 I 45 1) B
EAY, BMERAE 10 5, KO EImE e %9
ik 2B R BRI TAE AT DLidEAT. R348 2 PR
BT SO, T RIS I 22 2% 4 ik 2k, FEATIOR 2K
NP

RZH W BARENRRE, e RE —
MR AR B . T L 2 SRRl oy 7 19 3 BE AR AR (R X
FEUNT 107", 78 222K/ 222K i BOAR AR 31 &
MIERIE, HA Al BE7ERAE BR AR 2. QTT i TH K
O & MRS T D, RIE & fE ARk B % 5
FOYI A L7 F

Jok v 2 28 R A8 ik v L PO UGB R TR T RE SR
A 7. DA TR D) & R AN 3G I 1 B TR AR,
LA PR ST I SR R R R I = A Rk
R FK B — B RS RIS O T — N OR
oS, QTT WA Sk i vy LB R, 4554807
TH LR G0 A 2 4y R 3 AN G AL B AR 7, Xk
RALE M AT IO, QTT 1A B 8] BR B3 B8 77455 01 % Bl
i yH F KR KR K R L R AR IR R
Zrn ik B R BUA R QTT A ik v 2 3K 5 A8
ALFE TP R AR LR R X 4 5 BRI R F 48 Z AL e Bk
AR X T, QTT ¥ XS Arecibo FTANRER
1A KX F1 GBT, Effelsberg, Jodrell Bank 25 K K 2k
WA 1 1 X 3t A7 R B Rk vp 48 T

5 Wit54%i8
51 BRGTRIEZE

R A S5 P PR R R A L s, B R L S B9 1
RARFARIE FC S 20 ) S5 4, 412 vy S vl B 5 1) R A
FERM > 3O S Bk H A ISR AR T LU R
2 pe T AR DL AR R U, B R B L 4R
KA s, o R ENE, BBRHE 15 m
EAMEIIARE. —HEBANS, % ERRE,
TR ARYE B B ARHAE T . BT X T RS
AR R, (B AE 15 R RN 2 WA T TR R 7 SR R
W, AR RGO RN SR ORI R R R R
FREMNE T Ty, B R AR TR 2 1 45 ) DR X 20 i /)
RE, AR E L EASZIREI, 558t

792

LT BOAR A) R, B eI 5 AR B IR R A KD g v

CURK i I 9, T kot AR 5 2 B A,
FL B AR R B A o A% H IS R SE IR, D T A5 EIE
Tl FA) K b B0 N T8, 75 24T 25 LA A 7] 95 A Y
G5, WA E TR B, kb 200 R )
ey FAY IS TR R R 7y R, SRS R ELR B = A L+
oAb, A ERp Ik rehs B UL R 48, BORAE LA
GHz )4 BLE H 9 24T Je 22 ke (Nyquist) i3 5K
B, O BdE 7 2 Ak P AR R R . A EL BT
BB R L SE LS S AL AR € R P Akt 2 AR
PRI, SREESR B8 5 A 984 Nyquist RFE, R EE
K, JE AL BT GE 2 52 TF S AL B R PR A T S L
B JUHAE, AN IE T R R Ak o 2
3 Ak 2 Al 3R A R R 3K B TN 5 B L
O BHREAT AR E AR, TR B A Y BN R 2 AT SE AR
PAPRAIE bk vk A5 5 RO [ 2, H AT SR R AN B S
(. 707 U LW AN 75 22t ik, X I 18] 73 B A 2L
SREUK, (EARRS TR HrR AE bR H R e [ 2R

LL LOAFR Jyfil, {0t fipe AR =, ko 2
18 T 75 BESLIN Ab B R E A% 0 B0 A BB LT
P AR R AR B IR, R S =2 A ik ok 2 LA
FRE. WACR AT AE R B CRoR, 38 /5 2 AT I
AR, H TR BOR K2 I AN AT B i 2 Bk b 2
WIS T I TR ANS R 2 R 5K, 4k, BT RES
GG (FoV)IR /N, HURE XS s ff I B 21 L 1)
ik e B R AT B N AL AH EE RS R 2T E, B
R BA W ARG R RIEHRF R, & w] DL
TR LI T 75 HIAR X KA

52 it

QTT AL H AR TEARA (30 cm BAR) BARk i A
M, @6 mm, 3 mm BB LLA TR IR
MHNE, 13 cm 5 3.6 cm B S/X MU FEH T
VLBL QTT MG 7 Z KL 5 ERT ], 58S AT
JeAT I SRS B, G2 ik A VLBI W
DN, 7 Ak 2 3 R s B T ROR FEE R G TR JE DL
Ji, 6 mm 5 3 mm WP AT CARE S I, RN R Se
A 1) 3 P8 T e FROR 28 AR B B B SE . B P 48
i A A T+ 2 e AROTV T PR 8 4%, A ) 8 WA SR AT
FIIFEEA L, SRA S e e AT I ER.

QTT f KHIBkik & S 7E TR % ih, KA
B2 v W B A A B S T 5 R R Y R A T



REERE: MESE 1% ORI 20144 FHa44 s FH8

RIS R 3 IR P TE K AR R 2R B SOHL AP U R 25

W2 ER, MRS RBEARCEAIR REIEH] SRS J7 IR EOR K. BTH BB

B, ARG 7T B r B B B AR B A . QTT AR Dy o [ S H R ST 044 A% 10 B B AL A 7,
FRRBEEARIIFI, ACCHERAT 110 m Bimg, MR R IR SCARTHY )@ (4 B 20T BL.

Bt AXEAWWNEE QITHEHLFRILES HHER.

B3 30k

10

11

12

13

14

15

16

17

18

19

20

21
22

Morgan M, Fisher J. Next generation radio astronomy receiver systems. In: Astro 2010 Technology Development White Paper, 2009
ELIH, AR, 58T @R 100 K DARG L EE BT R HEFEE. 2008

Su D Q. Telescopes and astronomy: A 400 year retrospect and future prospects (in Chinese). Physics, 2008, 37(12): 836-843 [# & 5%, Bz
BERIRICAE: 400 4E RIS fE 2. 3L, 2008, 37(12): 836-843]

Orfel A, Morsiani M, Zacchiroli G, et al. An active surface for large reflector antennas. IEEE, 2004, 46(4): 11-19

Hachenberg O, Grahl B H, Wielebinski R. The 100-meter radio telescope at Effelsberg. Proc IEEE, 1973, 61: 1288-1295

Wang C S, Li J J, Zhu M B, et al. Review of surface deformation compensation methods for large reflector antennas (in Chinese). Electro
Mech Eng, 2013, 29(2): 5-10 [EME, ZILIL, KRBOK, 5. KBS ERELEAMEE AR F#ER. TP LR, 2013, 29(2):
5-10]

Zhao W, Ye Q, Feng Z J. Brief analysis of the adjustment technique for active reflector of radio telescope (in Chinese). Modern Radar, 2011,
33(5): 85-90 [BAF, w5, JhIEHE. S B0 EE B SO R I HOR f b, BT IS, 2011, 33(5): 85-90]

Nikolic B, Hills R E, Richer J S. Measurement of antenna surfaces from In- and Out-Of-Focus beam maps using astronomical sources.
Astron Astrophys, 2007, 465(2): 679-683

Nikolic B, Prestage R M, Balser D S, et al. Out-of-focus holography at the green bank telescope. Astron Astrophys, 2007, 465(2): 685-693
Wang W, Zhang J T, Chai T Y. A survey of advanced of PID tuning method. Acta Automatic Sin, 2000, 26(3): 347-355 [ 4%, 5k k%, 4
FAMi. PID ¥t 8 e I ik 4518, B4R, 2000, 26(3): 347-355]

Olsson R, Kildal P S, Weinreb S. The Eleven antenna: a compact low-profile decade bandwidth dual polarized feed for reflector antennas.
IEEE Trans Anten Propag, 2006, 54(2): 368-375

Akgiray A, Weinreb S, Imbriale W. Design and measurements of dual-polarized wideband constant-beamwidth quadruple-ridged flared
horn. IEEE Proc Int Symp Antennas Propag, 2011, 1135-1138

Jackson J M, Rathborne J M, Shah R Y, et al. The Boston University-five college radio astronomy observatory Galactic ring survey.
Astrophys J Suppl, 2006, 163: 145-159

Schlingman W M, Shirley Y L, Schenk D E, et al. The Bolocam Galactic plane survey. V. HCO+ and N2H+ spectroscopy of 1.1 mm dust
continuum sources. Astrophys J Suppl, 2011, 195(2): 14-37

Wienen M, Wyrowski F, Schuller F, et al. Ammonia from cold high-mass clumps discovered in the inner Galactic disk by the ATLASGAL
survey. Astron Astrophys, 2012, 544: 146-167

Krips M, Eckart A, Neri R, et al. Molecular gas in nuclei of galaxies (NUGA). III. The Warped LINER NGC 3718. Astron Astrophys, 2005,
442: 479-493

Li H, Chen Y. Y -rays from molecular clouds illuminated by accumulated diffusive protons from supernova remnant W28. Mon Nat R
Astron Soc, 2010, 409(1): L35-38

Hobbs G B, Bailes M, Bhat N D R, et al. Gravitational-wave detection using pulsars: Status of the Parkes Pulsar Timing Array project. Publ
Astron Soc Aust, 2009, 26: 103-109

Shannon R M, Ravi V, Coles W A, et al. Gravitational-wave limits from pulsar timing constrain supermassive black hole evolution. Science,
2013, 342(6156): 334-337

Lorimer D R. Binary and millisecond pulsars. Living Rev Relat, 2008, 11(8): 5-90

Downs G S. Interplanetary navigation using pulsating radio sources. NASA Technical Reports, 1974, N74-34150: 1-12

Bower R G, Morris S L, Bacon R, et al. Deep SAURON spectral imaging of the diffuse Lyman o halo LAB1 in SSA 22. Mon Nat R Astron
Soc, 2004, 351: 63-69

793



FUF: HsEA G 110 K R EITE

23  Koopmans L V E. Gravitational imaging of cold dark matter substructures. Mon Nat R Astron Soc, 2005, 363: 1136-1144

24 XulJL,Wangl]J, Liu X L. Triggered massive and clustered star formation by combined H II regions G38.91-0.44 and G39.30-1.04. Astron
Astrophys, 2013, 559: 113-118

25 Manchester R N, Lyne A G, Camilo F, et al. The Parkes multi-beam pulsar survey - I. Observing and data analysis systems, discovery and
timing of 100 pulsars. Mon Nat R Astron Soc, 2001, 328: 17-35

Xinjiang Qitai 110 m radio telescope

WANG Na!?**

! Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011, China;
2 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210008, China

The 110 m radio telescope (QTT), which is proposed to be built in Xinjiang Qitai, will be in the list of world-leading
large scale scientific facilities, becoming the world’s largest fully steerable radio telescope. QTT will play an
important role in the field of fundamental science, such as gravitational wave detection, black holes, star formation and
galaxy origin, and also be applied to deep space explorations, for example, Lunar Exploration Program and
Exploration of Mars and Venus. The QTT design has considered various requirements for science goals, and its key
technologies include: large-scale antenna structure design, antenna active surface, large inertia mechanism precision
servo control technology, broad band feed, low-noise receiver, multi-beam technology, etc. The breakthrough and
application of the key technologies will promote the development of engineering technology, including electronic
information, precision machining and automatic control, etc. Through international cooperation, the QTT systems will
base on self-dependent innovation and adopt related cutting-edge technologies to fulfill its construction.

radio telescopes and instrumentation, heterodyne receivers, astronomical observations, site testing
PACS: 95.55.Jz, 95.85.-¢, 95.45.+1
doi: 10.1360/SSPMA2014-00039
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