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Celestial Navigation

In this, the Department of Astronomy’s second “Celestial Navigation” Interterm offering, we will study the history, theory, and technique of celestial navigation. Nathaniel Bowditch’s continuously updated two-century-old volume “The American Practical Navigator” will be our primary reference. Two field trips, one coastwise, and one shipboard are scheduled. 

The instructor, Henry Parker Hirschel, is a former deck officer at the Woods Hole Oceanographic Institution. At present, he is an instructor-captain for the Steamship Authority in Woods Hole where he trains and certifies newly licensed captains and first officers. 

No previous experience in astronomy is required. To register for this course, contact the instructor directly at geekqualizer@msn.com.

Textbooks and Course Materials:

Bowditch, “The American Practical Navigator”     Public Domain PDF

The Nautical Almanac                                              
      $26

NOAA Training Chart / Block Island Sound          Available for Use

Parallel Rulers                                                         Available for Use           

Dividers                                                                   Available for Use

HO 229 - Sight Reduction Table           
         Available for Use

HO 2102 D - Starfinder                        
         Available for Use                                    

Sextants (2)                                         
                   Available for Use                         

Course Outline: 

1st Lecture 
 - Bowditch / the History of Celestial and Oceanic Navigation 

           
 - Introduction to Oceanic Navigation 

2nd Lecture    - Celestial Concepts

                      - The Sextant, its Principles, Care, and Use  

3rd Lecture    - The Nautical Almanac

4th Lecture
 - Latitude by Noon Sight (LAN) and Polaris

5th Lecture    - HO 229 Sight Reduction Table- AM and PM Sun Lines             

6th Lecture    - Use of the Starfinder, the 57 Navigational Stars 
Full Day Field Trip: Sextant Observations, Avery Point, CT 

Full Day Field Trip: Shipboard Sextant Observations (Block Island Ferry)

Lecture One:

BOWDITCH / THE HISTORY OF CELESTIAL AND OCEANIC NAVIGATION 

Nathaniel Bowditch; 1773 - 1838 Salem, Massachusetts - Two century history of “The American Practical Navigator” and profound significance of the volume - Importance of his revised sailing tables - Navigation in the Eighteenth Century 

Introduction to celestial navigation - The universe and solar system - The disparate celestial perspectives of the astronomer and the navigator - Heliocentric theory - Geocentric theory - Galileo - Ptolemy - Establishment of the Greenwich meridian 

Time and the historical difficulty therewith - John Harrison and his invention of the first accurate shipboard chronometer - The magnetic compass: a lengthy and unclear history 

Matthew Fountain Maury and the creation of worldwide pilot charts  

Introduction to Oceanic Navigation

True and magnetic compass headings - Correcting for deviation and variation - Isogonic lines - Course made good (CMG) - Speed made good (SMG) - Dead reckoning (DR) - Mercator projection - Rhumbline navigation and the loxodrome - Gnomonic chart projection and great circle sailing simplified - Explanation of hydrographic and geographic details of nautical chart used for this class - Use of parallel rulers and plotting technique - The plotting sheet; demonstration and uses thereof

DR exercises plotting routes of Block Island ferry for pending field trip 

Lecture Two:

CELESTIAL CONCEPTS

The celestial sphere with the earth as the perceived center of the universe - Geodesy - Declination - Circle of equal altitude - The equinoxes and solstices - Zone descriptions - Greenwich hour angle (GHA) - Local hour angle (LHA) - Stars and the first point of Aries - Sidereal hour angle (SHA)  

THE SEXTANT: ITS PRINCIPLES, CARE, AND USE

Correcting for instrument errors - Selecting the proper shades for ambient lighting conditions - Focusing technique

Outdoor practice (at the Memorial) measuring the subtended angle between the sun and the mountains to our south

Lecture Three:

THE NAUTICAL ALMANAC

Layout of the volume and its application for sun lines, Polaris, and the 57 navigational stars - Conversion of arc to time - Computing meridian passage, sunrise, sunset, civil, and nautical twilights - Extraction procedure for GHA and declination - Altitude correction table procedures -  Extraction of the first point of Aries
Lecture Four: 

LATITUDE BY NOON SIGHT (LAN) AND POLARIS

Subtracting Ho from zenith to obtain ZD - Adding ZD and declination algebraically for the determination of latitude

Polaris and the first point of Aries - Use of the primary correction and the three secondary ‘A’ corrections for the determination of latitude

Exercises computing latitude from LAN and Polaris

Lecture Five:

HO 229 SIGHT REDUCTION TABLE

Selecting an assumed position (AP) and finding that position’s local hour angle (LHA) - Computing altitude and azimuth for the assumed position (AP) - Comparing computed (Hc) and observed (Ho) altitudes - Plotting the line of position (LOP) - Techniques learned in previous classes integrated with chart work - Plotting and advancing AM and PM sun lines 

Lecture Six:

USE OF THE STARFINDER: THE 57 NAVIGATIONAL STARS

Choosing the proper side of the starfinder - Template selection - Determination of the LHA of Aries and technique for aligning celestial meridian - Selection of stars that will provide a ‘good cross’ - Stars to avoid - The elusive ‘pinwheel’ - Practice performing star sight reductions until ten minute (per star) reductions can be accurately completed  

Review and practice with AM and PM sun line reductions - Review and practice with LAN reductions - Correcting compass for deviation and variation - Review of the “Coast Pilot” (provided) for information relevant to Avery Point and our Block Island crossing

First Field Trip: 

Land-based sextant observations to a visible nautical horizon will be taken at the University of Connecticut, Avery Point campus. An AM sun will be crossed with an LAN to fix our (known) position. We will also determine our hand-held compass error in preparation for our shipboard observations (This field trip is visibility dependent, and we will adjust our schedule to take advantage of clement weather).

Second Field Trip:

We will practice much of what we have learned on the open sea.  En-route to Block Island via the Point Judith/Block Island Ferry, we will log our departure time and magnetic course.  We will then shoot an AM sun and advance it to a subsequent LAN observation. Predicated upon that information, we will DR our CMG, SMG, and ETA at Block Island. On the return crossing we will practice oceanic navigation using our chart and shoot a (low) PM sun (Scheduled for the weather). 
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AN INTRODUCTION TO THE PRINCIPLES, PRACTICES, AND PROCEDURES OF TURBINE FLIGHT

HENRY PARKER HIRSCHEL / INSTRUCTOR

This course (all majors welcome) will commence with a field trip to a hangar at Bradley International Airport (KBDL) where we will observe many of the complex systems and flying surfaces aboard a modern passenger jet. Under the tutelage of the aircraft’s captain, we will also perform the first officer’s pre-flight walk-around inspection and literally kick the tires of a spectacular Dassault Falcon three-engine corporate jet.  

Our second field trip will be to the Hamilton Sundstrand Company at KBDL where many of the components and systems that make Boeing airliners fly are manufactured. We will tour this spotless one million square-foot facility with a senior production engineer. The plant is a showcase for ‘lean manufacturing’ and is at the cutting edge of aluminum, titanium, Kevlar, and carbon-composite fabrication. Here we will also see many advanced sub-systems for Boeing’s new 787 Dreamliner in production.

On the third through eighth class-days we will return to the College and review the basic principles of flight (Newton’s third law, Bernoulli’s law, thrust, lift, drag, trim, angle of attack, and stalls).  We will then focus on the Boeing 737 and examine the aerodynamic design, principles, and interrelationships of its flying and control surfaces. This will include wing-sweepback and dihedral considerations, winglets, leading-edge Krueger flaps, articulated trailing-edge Fowler flaps, slotted flaps, vortilons and vortex fences, and the cross-coupling of speed brakes, ailerons, and ground spoilers.  Mach tuck and mach buffet will also be discussed.

Additionally we will study prop-jets and the historical evolution of turbo-jet and fan-jet propulsion. The engine that powers the 737, the 27,000-pound thrust General Electric CFM 56 turbo-fan is the most successful in history.  We will examine its genesis, design, and development. Some recently declassified documents of this American/European built engine clarify its fascinating history.   

We will then experience first-hand the flight dynamics of turbine-powered aircraft via the large audio-visual system in Merrill interfaced with Microsoft’s “Flight Simulator X” (“FS X”).  Students will learn the protocols, procedures, and techniques of jet-flight focusing upon three turbine aircraft of increasing technical and aerodynamic complexity. 

Note that this tenth iteration of Microsoft’s flight simulator with its accurate flight modeling and spectacular graphics is more powerful than the multi-million dollar simulators used by the major airlines just three decades ago.  Some pilots polishing their instrument skills in preparation for their FAA Instrument and Air Transport Pilot examinations use “FS X” as a training adjunct.

Your hands-on introduction to simulated turbine flight will begin with the fourteen-passenger Cessna Caravan, a single engine, turbo-prop, commuter   aircraft. The Caravan is a slow, predictable, and relatively forgiving airplane flown by one pilot. Approximately two hours will be spent exploring the basics of flight. 

The second of our three “FS X” aircraft will be the swift and responsive, multi-engine turbo-fan, nine ‘pax’ Learjet 45 with climb-out performance similar to that of the Falcon. With this aircraft takeoff/landing technique and procedures will be practiced. We will learn to manage a flight envelope that is significantly more dynamic than the Caravan’s.  

Our third aircraft will be the large, powerful, and popular mid to long-range one hundred-eighty ‘pax’ Boeing 737, aboard which we will log most of our flight time. Many flight lessons will originate from KBDL where ‘our’  “Seven-Three-Seven” (AC ONE) will be based. Special attention will be directed towards checklists, Vref speeds and inertia considerations, instrument flight, navigation, straight-in ILS descents, and proper aircraft configuration for various points in the flight envelope. Here, in a seventy- million dollar airplane (albeit a simulated one) many of us will experience the true meaning of the cliché “behind the power curve.” 

We will assume the appropriate in-flight duties of captain and first officer in turn. Each flight crew will complete a leg from Providence’s T.F. Green Airport (KPVD) shooting an ILS intercept and landing in restricted visibility at KBDL. 

The course will culminate in the Boeing on a stormy summer evening in the Virgin Islands with a particularly challenging Tortola (TUPJ) to St. Thomas (TIST) over-mountain low-altitude descent and short-field crosswind landing.

The three hundred sixty-one page “Boeing 737 Technical Guide” by Captain Chris Brady, a British airline pilot, is the instructor’s main reference. This (excellent) manual is currently in use by many Southwest 737 pilots in their routine flight ops. Its purchase is encouraged but not required.

Our first day-long field trip departs Merrill for KBDL at 1000 Hours, Thursday 17 January.  Our second day-long field trip departs Merrill for Hamilton Sundstrand at 1000 Hours, Friday 18 January. Six three-hour classes will follow in Merrill 220 at 1000 Hours, Saturday 19 January, through Friday 25 January (no class Sunday). 

Due to the lengthy real-time requirements of hands-on simulator flight, enrollment is limited to fourteen students.  

_______________________________

The instructor for this course, Henry Parker Hirschel, flew fixed-wing 

multi-engine jet aircraft in the USAF and was a beta tester for Sublogic’s 

“Air Transport Pilot” flight simulator for the Intel/Microsoft platform. 

He sailed as a deck officer for the Woods Hole Oceanographic Institution for

eight years and currently trains and certifies recently licensed captains and first officers for the Woods Hole, Martha’s Vineyard, and Nantucket Steamship Authority. 

Captain Hirschel is also an instructor in the Astronomy Department where he teaches “Celestial Navigation” during the Amherst College Interterms. 
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