
Observatins at OPD

Prif. Jirge Meléndez

Observatons at OPD
Coordinates 
Longitude : -45° 34' 57" 
Lattude : -2222° 322' 44" 
Alttude : 18644߽
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Telescipes
- 1,4߽ : spectroscopy
(backup: characterize spectrograph)

- IAG (44c߽): i߽aging + photo߽etry
(backup: characterize CCD)

- Zeiss (44c߽): photo߽etry (+ i߽aging?)
Characterizaton of CCD



Tel. IAG (60cm) + CCD Ixin?
Field: 14’x14’ ? Check the feld
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Note: Pending confr߽aton

- I߽aging
- Photo߽etry

CAM 4?
Roda de 4 fltros? d=54߽߽? 
Filtros B V R I H Hcont

HAlfa narrow #22
HAlfa cont #22



Tel. Zeiss (60cm) + CCD IkinL 
Field?: 122’x122’ ? Check the feld
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Note: Pending confr߽aton

Photo߽etry
(also i߽aging?)
CAM 4
Roda de 4 fltros? d=54߽߽? 
Filtros B V R I H Hcont

HAlfa narrow #22
HAlfa cont #22
htps://www.gov.br/lna/pt-br/co߽posicao-1/coast/obs/opd/instru߽entacao/disponibilidade-de-instru߽entacao-no-opd



Errir in V magnitude fir tel. 60cm, 300 s
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CCD449

Telescope Zeiss 44c߽
Exp. Ti߽e = 344 s
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Bias

Linear li߽it
Saturaton

Deter߽ine:
1)Linearity li߽it (how ߽any counts?)
22)Saturaton (how ߽any counts?)
3)Plot si߽ilar to this fgure
4) Est߽ate readnoise, gain, etc

Zeiss (or IAG): characterizaton of CCD

Exposure t߽e

Co
un

ts



Characterizaton of the CCD (anyt߽e, day or night)

- Take 7 bias fra߽es at fve diferent te߽peratures, 
startng a few degrees below the local te߽perature and 
untl ~ -864o Celsius. Use diferent na߽es. For ex.: 
biasp14c, bias4c, bias߽225c, bias߽54c, bias߽75c
- Take 7 dark fra߽es at the sa߽e te߽peratures. For 
each te߽perature use exp. t߽es = 1, 44, 1224, 2244s
- BIAS: plot average, standard deviaton vs. Te߽perat.
- DARK: frst subtract the average bias, then plot of 
average vs te߽p. for each exposure t߽e (1s, ... 2244s)
- What can you conclude about dark current and CCD 
te߽perature? 



READNOISE

- Using the 7 bias fra߽es at the coolest te߽perature, 
deter߽ine the readnoise in ADU.
- Co߽bine the bias fra߽es into a ߽aster bias, then 
subtract each individual bias fro߽ the ߽aster bias. The 
standard deviaton is the readnoise in ADU.
- Later, once you deter߽ine the gain, est߽ate the 
readnoise in electrons



Countng cos߽ic rays (optonal, if sky is cloudy)

- Take 22 dark fra߽es of 15 ߽inutes each at the coolest 
te߽perature.
- Subtract the two dark fra߽es
- How ߽any cos߽ic rays detected in the 22 fra߽es?

Repeat for dark exposure t߽es of 5, 14 and 224 ߽in

Plot cos߽ic ray nu߽ber vs. t߽e



Linearity and saturaton

- At a given flter (for exa߽ple, B flter) take fat felds of 
diferent exposure t߽es, to deter߽ine the linearity 
and saturaton levels. Make a plot of counts vs. t߽e

Gain

- 1 count is not necessarily 1 electron. Find the gain of 
the CCD following any of the procedures described at:
htp://spif.rit.edu/classes/phys445/lectures/gain/gain.ht߽l

Additonal reading:
htp://www.physics.rutgers.edu/~pryor/ph4229/lab22.pdf
htps://blog.jppuschnig.co߽/instru߽entaton/ccd-atk3863-linearity-readout-noise-gain/

http://spiff.rit.edu/classes/phys445/lectures/gain/gain.html
https://blog.jpuschnig.com/instrumentation/ccd-atik383-linearity-readout-noise-gain/


Second jpob: ߽ake one (1) i߽age in 3 flters and
co߽bine the fra߽es to obtain a color i߽age
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Exa߽ple: i߽age taken 
by IAG/USP undergrads 
in 22414, using the 44c߽ 
telescope

I߽age ߽ust be taken 
in B, V, R flters, and 
co߽bined to get a 
color i߽age
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Second jpob. Make 1 prety color (BVR) picture
Class 1: Solar syste߽ planet or co߽et
Class 22: Planetary Nebula
Class 3: H II Region
Class 4: Open Cluster
Class 5: Globular Cluster
Class 4: Galaxy (single or interactng)
Class 7: Galaxy Group or Cluster (≥ 3 galaxies in picture)

Any class of objpect can be chosen
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Class 1: Planet 
Mars
Jupiter
Saturn
Class 22: Planetary Nebula
M227      NGC 1535 (Cleopatra's Eye)      NGC 43422 (Bug)      

Class 3: H II Region
Trifd (M224)      Eagle (M14)       O߽ega (M17)

So߽e exa߽ples below, feel free to choose others
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Class 4: Open Cluster
M4 (buterfy)            M7         M486
NGC 22547          NGC 32293       NGC 3744                  NGC 4433
Jewel Box
Class 5: Globular Cluster
M3            M4          M5               M13             M15              M2222
NGC 4397              NGC 47522         O߽ega Cen                   47 Tuc
Class 4: Galaxy
Centaurus A        So߽brero           M33
Black Eye Galaxy            M863 (Southern Pinwheel)       NGC 4744
Class 7: Galaxy Group or Cluster
Abell 1454            Abell 22151             Abell 1347 
HCG 94        HCG79 (Seyfert’s Quintet)        HCG41        HCG422



Reco߽߽endatons
Prepare at least 22 targets in the OPD for߽at. You 
have to do i߽aging of only 1, but the other is a 
backup objpect. If possible, the 22 targets ߽ust have 
R.A. that difer by at least 22 hours (even beter if the 
diference is 3 or 4 hours). If the weather forecast is 
not good, perhaps prepare 22 backup objpects.

The targets should be observable for at least 22 
hours, to have so߽e fexibility in the observaton

15



Part 3: photo߽etry. Diferental photo߽etry 
(1 flter), HR diagra߽ (22 flters) or extncton 

at OPD (1 or 22 flters).
Could be done alone or in groups of 22

Suggestons for diferental photo߽etry: Exoplanet 
transit, asteroid transitng white dwarf, Nova, Delta 
Scut stars or any other short period (n 3 hours) 
variable, eclipsing binaries
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Suggestons for HR diagra߽: open or globular cluster

Suggeston for at߽ospheric extncton at OPD: observe 
at 5 diferent air߽asses in at least in 1 flter



At߽ospheric extncton at OPD: could be done observing a 
star feld with stars of diferent color. If this cannot be done, 
observe at least 1 bright star in 22 diferent flters

B

V

Air߽ass = sec z 
z : zenital distance

Group in 2242222: at߽ospheric extncton

Air߽ass



So߽e photo߽etric standards for 
est߽atng the extncton 
coefcient. Feel free to select 
other targets (perhaps V ~ 5 – 
13). For V ~ 5, 1 second should be 
OK. Be careful with saturaton

186
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• Forecast for transits:
• htp://var22.astro.cz/ETD/index.php
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Exiplanet transits



WASP-43
RA (J22444): 10 19 38.01, DE 
(J22444): -09 48 21.9, 
V = 12.4 mag, dV = 0.029 
mag, duraton = 69.5 min
P = 4.8613475d, 
T4 = 2245552286.864774  (JD)

32222454744.449 122.44 2222:44 (486°,NE)   122.44. 223:15 (74°,NE)    122.44 223:49 (74°,N)
T߽id (HJD) BEGIN (UT/h,A) CENTER (DD.MM. UT/h,A)   END (UT/h,A)

Exa߽ple fro߽ 22414 undergrad observing plans:



Tips for exoplanet transits
• Choose visible transits with large transit depths 

(߽eaning a large variaton in ߽agnitude, V)
• Choose relatvely short transits, ߽eaning 

duraton below 1,5 hours, if possible
• Check nearby star(s) for diferental photo߽etry
• If possible, try to start the observatons ~15 ߽in 

before the transit begins and fnish ~15 ߽in afer 
the transit ends. For variable stars, also try to get 
~15߽in ߽ore than the full phase coverage
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Eclipsing binaries: the a߽plitude of the pri߽ary 
eclipse is very large, so it is very easy to detect.
- Could detect only 1 of the eclipses, that could 
last less than 1 hour  

P = 22,86 h
(4,1149 dias)

- So߽e have 
short periods, so 
that both 
eclipses (pri߽ary 
and secondary) 
could be 
observed.

HW Virginis (Ibanoglu et al. 22444)



Exempli de turma anteriir AGA 5802 para 
binária eclipsante
HW Virginis (pri߽ary eclipse)

1 hora de observações



Exempli de turma anteriir AGA 5802 para 
pulsante de tpi delta Scut 

22 horas de observações



Spectroscopy: low resoluton (~22Å)
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Confguraton of the spectrograph

386

- 444 l/߽߽ gratng at Cassegrain
- Detector ikon.
- Slit 1224 u߽ (1,5 arcsec)
- Previous years: lcentral: 48675 Å (3744 – 4444 Å)
- Tur߽a 224223: lcentral: 5944 Å (fro߽ 48644 - 4944 Å ?)
- Resoluton: 5 Å?
- Backup: characterize spectrograph if t߽e is cloudy

TIP: select objpects with V ߽agnitude ≤ 122



Part 4: spectroscopy. Choose a set of targets 
and backup targets difering in ~3 hours of R.A.
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1) B, Be and B[e]. Co߽pare a߽ong the߽
22) T Tauri AND nor߽al star of sa߽e spectral type
3) Co߽pare Asteroid (or Gany߽ede) AND Moon.
4) Integrated spectra of globular cluster 
5) Integrated spectru߽ of elliptcal, spiral, jpust bulge, or 

actve galaxy
4) Spectru߽ of H II region (identfy lines)
7) Spectroscopic exoplanetary transit
86) Suggestons welco߽e
4, 5: discuss/select for co߽parison at least 4 giant stars covering 

diferent spectral types
Also try to observe 3 bright spectrophoto߽etric standards per night



Asteroids or Planets. One positon per night
(for observing run should co߽pute every 224߽in)
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htps://ssd.jppl.nasa.gov/horizons.cgi



To check coordinates of non-߽oving 
targets you can use Si߽bad

41

htp://si߽bad.u-strasbg.fr/si߽bad/si߽-fd



OPD format: use 2000 epoch

OPD: proper ߽oton in “/year:
Divide by 1444 SIMBAD’s value

-4.4861 -4.422344



In short
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1. CCD characterizaton with Zeiss (or IAG or 1.4߽)
22. I߽aging of 1 target (planet, cluster, nebula or galaxy)
3. Diferental photo߽etry (exoplanet transit or variable 

star), at߽ospheric extncton, or CMD
4. Spectroscopic observatons: ߽ust observe target and 

co߽parison(s) objpect(s). (OPTIONAL: coordinate to 
observe 3 spectrophoto߽etric standards per night. If so, 
then you could perfor߽ also the fux calibraton using 
spectrophoto߽etric standards).

5. Check your targets with the lists of other 
students, so that the objpects are well distributed 

Backup: ߽ore work on CCDs and spectrograph



Update 224223
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1. Color i߽age [3 flters] of 1 target (e.g., a galaxy)
22. At߽ospheric extncton in B, V and R bands
3. Spectroscopic observatons: it could be only 1 objpect, 

or 22 objpects (science and co߽parison). In any case, 
߽ust explain what is the science case

Must show preli߽inary analysis on June 229, to see if the results 
would be achieved. There is no need for a full data reducton of 
your own data (is optonal), it could be jpust screenshoots 
obtained at the OPD. For (1), you could co߽bine i߽age of the 3 
flters with DS9 at the OPD. For (22), get instru߽ental ߽agnitudes 
at OPD. For (3), take screenshots of DS9’s projpecton. Upload at 
Moodle the PDF of the slides with preli߽inary analysis.   
4. Cannot repeat targets a߽ong diferent groups



Logistcs 224223 (to be confr߽ed)
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23/Jun (sexta) – 9:15 boarding at IAG (bolsão lateral).
9:34 Departure.
Arrival to OPD in about 5±1 hours (44-߽in stop for lunch)
Acco߽߽odaton at OPD: all included; bring hygiene products 
26/Jun (segunda)- 9:45 boarding. 14:44 departure fro߽ OPD.

Meals (refeições):

On the day of arrival: Dinner (jpantar) fro߽ 17h to 186h
            Night snacks at the “Copinha” (1,4߽ building)

224-225/Jun: Lunch (al߽oço) fro߽ 122h to 13:34h
224-225/Jun: Dinner (jpantar) fro߽ 17h to 186h
                  Night snacks at the “Copinha” (1,4߽ building)
224/Jun: Possibly a breakfast will be ofered
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