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Introduction

In the realm of astronomy, the fusion of theory and hands on experimentation creates a powerful learning
experience. While textbooks provide the foundational equations that describe celestial mechanics, practical
investigations bring those concepts to life, allowing students to observe, measure, and analyze the universe

directly. One of the most engaging laboratory exercises in many introductory astronomy courses is the Lab 17m
investigation, which challenges students to apply photometric and spectroscopic techniques to real astronomical
data. This article offers a comprehensive guide to the Lab 17m exercise, detailing the objectives, equipment,
methodology, and the definitive answers that students can expect. Whether you are a teacher preparing a lesson
plan or a student eager to master the practical side of astronomy, this resource will equip you with the knowledge
and confidence to excel.

Understanding the Lab 17m Exercise

The Lab 17m investigation is designed to bridge the gap between theoretical astrophysics and observational
practice. It focuses on the measurement of a celestial object's angular size, light curve, spectral type, and distance
—four core parameters that astronomers routinely determine to classify and understand stars, galaxies, and other
phenomena. By guiding students through the entire workflow—from selecting a target to interpreting the data—the
lab fosters critical thinking, data literacy, and a deeper appreciation for the scientific method.

Lab 17m Overview

Lab 17m typically involves a multi day observation campaign using a small to medium sized telescope equipped with
a CCD camera and, optionally, a low resolution spectrograph. Students are required to:

Select a suitable celestial target, such as a variable star or a nearby galaxy.
Calibrate the imaging system using standard stars.

Acquire time series photometric data over several nights.

Reduce the raw images, subtract bias and flat fields, and extract photometry.
Construct a light curve and perform period analysis.

Collect low resolution spectra and classify the spectral type.

Estimate the distance using standard candles or redshift measurements.
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Key Learning Outcomes

Master the fundamentals of CCD imaging and spectroscopic data acquisition.
Apply photometric reduction techniques to derive accurate magnitudes.
Interpret light curves to identify stellar variability and periodicity.

Use spectral features to determine stellar classification.

Calculate distances using photometric and spectroscopic methods.

Develop skills in error analysis and uncertainty propagation.

Communicate scientific results effectively through written reports.



Equipment and Setup

Success in Lab 17m hinges on the proper selection and calibration of equipment. The following list outlines the
essential tools and preparatory steps needed to conduct a rigorous investigation.

Essential Tools

» Telescope: A 8-12 /inch aperture telescope is ideal for capturing sufficient light while maintaining manageable
tracking requirements.

e CCD Camera: A cooled CCD or CMOS sensor with low read noise and high quantum efficiency in the visible
range.

« Filter Set: Standard Johnson—Cousins UBVRI filters for photometry; a narrowband H; —~CFW" 6 & &R W6VgVA “or
emission line studies.

« Spectrograph: A low resolution (R /"H /1000) slit spectrograph with a grating capable of covering 40007000 /A.

e Mount: A computerized equatorial mount with accurate tracking and autoguiding capabilities.

e Software: AstrolmageJ or MaximDL for image acquisition; IRAF or AstroPy for data reduction; Period04 or
VStar for light curve analysis.

» Calibration Lamps: A neon or argon lamp for wavelength calibration; a flat field screen for flat field frames.

Preparing the Observation Site

Choosing a suitable observing site can dramatically affect data quality. Consider the following factors:
e Aperture: A dark sky with minimal light pollution ensures higher signal to noise ratios.
¢ Atmospheric Conditions: Stable seeing and low humidity reduce atmospheric distortion.
« Accessibility: Ensure the site is safe, well lit, and has reliable power for equipment.

¢ Time Allocation: Secure a block of at least 8—10 /hours over consecutive nights to capture complete light curve
cycles.

Step by Step Investigation Procedure

Below is a detailed guide that walks through each stage of the Lab 17m process, from target selection to final
analysis.

Step 1: Selecting the Target
The choice of target sets the tone for the entire investigation. Ideal candidates are:
« Variable stars with known periods (e.g., Cepheids, RR Lyrae).

« Nearby galaxies with prominent emission lines.
« Bright, well studied stars that provide a benchmark for calibration.

Students should consult online catalogs such as the AAVSO Variable Star Database or the Sloan Digital Sky
Survey to identify a suitable object that matches the telescope’s capabilities and the desired learning objectives.

Step 2: Calibrating Instruments

Before capturing science frames, perform the following calibration steps:

Bias Frames: Take at least 20 zero second exposures to capture the electronic offset.

Dark Frames: Acquire darks matching the science exposure times to account for thermal noise.

Flat Fields: Capture dome or twilight flats for each filter to correct pixel to pixel sensitivity variations.
Record spectra from the calibration lamp to establish a pixel to wavelength mapping.
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Step 3: Data Acquisition



With the calibration frames ready, proceed to collect science data:

« Set the exposure time to achieve a signal to noise ratio (SNR) above 100 for the target while avoiding
saturation of reference stars.

e Use a series of exposures in each filter (e.g., V and R) to sample the light curve adequately.

¢ Record metadata such as UTC time, airmass, and sky conditions for each frame.

e For spectroscopy, adjust the slit width to match the seeing conditions and acquire multiple exposures to
improve SNR.

Step 4: Data Reduction

Data reduction transforms raw images into scientifically usable products. The workflow typically involves:

Bias Subtraction: Remove the bias level from each frame using the master bias.

Dark Subtraction: Subtract the master dark to eliminate thermal noise.

Flat Field Correction: Divide by the master flat to correct pixel sensitivity.

Alignment: Align all frames to a common reference to mitigate tracking errors.

Photometry Extraction: Use aperture photometry to measure fluxes of the target and comparison stars.
Magnitude Calibration: Convert instrumental magnitudes to standard magnitudes using photometric standard
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stars.
7. Spectrum Extraction: Apply optimal extraction algorithms to obtain 1 D spectra from the 2 D CCD data.

Step 5: Analysis and Interpretation

After reduction, interpret the data to answer the core questions of Lab 17m.

Use the point spread function (PSF) of the target relative to reference stars to estimate its apparent angular
diameter. For extended objects, employ isophotal contour analysis.

Plot calibrated magnitudes versus time to reveal variability patterns. Use Fourier analysis or phase dispersion
minimization to determine periodicity.

Identify key absorption lines (e.g., H; A Ca Il K) and compare their relative strengths to standard spectral atlases to
assign a spectral type.

Depending on the target, use the period—luminosity relation for Cepheids, the standard candle method for RR Lyrae,
or redshift measurements for galaxies. Combine the apparent magnitude with absolute magnitude to compute the
distance modulus.

Interpreting the Results: Lab 17m Answers

The final section of Lab 17m involves synthesizing the data into a coherent set of answers. Below are the expected
results for each component, presented in a format that aligns with the lab’s grading rubric.

Answer 1: Angular Size Measurement

For a typical Cepheid variable at a distance of ~500 pc, the measured angular diameter is on the order of
0.01 arcseconds, below the resolution of the telescope. However, by modeling the light curve amplitude and
employing interferometric techniques, students can infer the physical radius and compare it to theoretical
predictions. The answer should include the measured angular diameter, the methodology used, and a discussion of
uncertainties.
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