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UNIVERSITY STUDIES




Master Syllabus

Course: PHY115, Introduction to Classical Physics

Cluster Requirement: 2A, Science of the Natural World 

This University Studies Master Syllabus serves as a guide and standard for all instructors teaching an approved in the University Studies program.  Individual instructors have full academic freedom in teaching their courses, but as a condition of course approval, agree to focus on the outcomes listed below, to cover the identified material, to use these or comparable assignments as part of the course work, and to make available the agreed-upon artifacts for assessment of learning outcomes.

Course Overview:

This course builds upon the fundamental single point-mass concepts of mass, force, energy, and the dynamics of a charged particle in the electromagnetic field (covered in PHY 111/113 and PHY 112/114), and examines the behavior of aggregate systems of many particles : gases, fluids, and solids. When viewed in aggregation, these assemblies of atoms and molecules exhibit the ability to oscillate in collective waves. In addition, bulk physical matter has new properties not seen in single particle system, including  heat, pressure, and entropy. The laws governing these new properties of matter in bulk are the purview of thermodynamics, the fundamentals of which students will master after completing this course. Lastly, students will master the fundamentals of how light waves interact with bulk assemblies of gases and solid matter, by either reflecting or slowing down (or refracting). The laws governing the interaction of light are the subject of optics, the fundamentals of which students will also have mastered upon completion of this course.

Learning Outcomes:

Course-Specific Learning Outcomes:

After completing this course, students will:

1. Have gained a mastery of the fundamental concepts of thermodynamics, including heat, temperature, pressure, and entropy.

2. Be able to describe and apply the three laws of thermodynamics, and apply them to real physical systems encountered in science and engineering.

3. Understand the mathematical properties of wave motion, and be able to apply these to real systems, including strings, membranes, and water waves.

4. Be able to describe the difference between geometric and physical optics, and apply the principles of optics to mirrors, lenses, slits, and diffraction gratings. 

University Studies Learning Outcomes:
After completing this course, students will be able to: 
• Recount the fundamental concepts and methods in one or more specific fields of science. 
• Explain how the scientific method is used to produce knowledge. 

• Successfully use quantitative information to communicate their understanding of scientific knowledge. 
• Use appropriate scientific knowledge to solve problems.
Examples of Texts and/or Assigned Readings:

Required text : Fundamentals of Physics, Halliday et al, 9th Ed.  Parts 2,4

Example Assignments:

Mapping : Each of the following example homework assignments addresses Cluster 2A Outcomes 1, 2, 3, and 4 :
Cluster 2A Outcomes (Science of the Natural World)

After completing this course, students will be able to:

1. Recount the fundamental concepts and methods in one or more specific fields of science.

2. Explain how the scientific method is used to produce knowledge.

3. Successfully use quantitative information to communicate their understanding of scientific knowledge.

4. Use appropriate scientific knowledge to solve problems.

Weekly homework assignments cover a full range of topics in the curriculum. An answer key to each problem is provided below. Assignments are completed online using the WileyPlus system, with instantaneous feedback as to whether the student has provided the correct response or not.  The response must be either in the form of an analytic mathematical expression (for instance, when completing a mathematical derivation) or a numerical response. A numerical response also requires the correct units (eg, “5 m/s” would be an acceptable velocity numerical response where simply “5” would not). The online system also provides some problem-solving strategy and hints to each problem. 

Rubric : Each homework is scored according to the fraction of correct answers. Multiple attempts to each problem are allowed; however, in order to discourage random guessing, a small penalty is applied to multiple incorrect responses.
There are also three tests and five quizzes during the semester.

Sample Problem Set 1 - Gases

15  A sample of an ideal gas is taken through the cyclic process abca shown in Fig. 19-19; at point a, T = 216 K. (a) How many moles of gas are in the sample? What are (b) the temperature of the gas at point b, (c) the temperature of the gas at point c and (d) the energy added to the gas as heat during the cycle?  (Answers : a. 1.393 mol   b. 1944K      c.648K      d. 5000 J)
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17. Container A in Fig. 19-20 holds an ideal gas at a pressure of 6.5 x 105 Pa and a temperature of 276 K. It is connected by a thin tube (and a closed valve) to container B, with 5 times the volume of A. Container B holds the same ideal gas at a pressure of 3.1 x 105 Pa and a temperature of 488 K. The valve is opened to allow the pressures to equalize, but the temperature of each container is maintained. What then is the pressure in the two containers?   (Answer : 398822 Pa)
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24.  At 258 K and 1.05 x 10-2 atm, the density of a gas is 1.56 x 10-5 g/cm3. (a) Find vrms for the gas molecules. (b) Find the molar mass of the gas.     (Answers : 452.3 m/s     b.  .03144 kg/mol)

25. Determine the average value of the translational kinetic energy of the molecules of an ideal gas at (a) 20°C and (b) 140°C. What is the translational kinetic energy per mole of an ideal gas at (c) 20°C and (d) 140°C?   (Answers : 6.068205E-21  J      8.552205E-21  J    3653. J   5148. J)

28  The mean free path of nitrogen molecules at 17°C and 1.5 atm is 0.320 x 10-5 cm. At this temperature and pressure there are 3.80 x 1019 molecules/cm3. What is the molecular diameter?

Sample Problem Set 2 - Fluids

11. Crew members attempt to escape from a damaged submarine 94.3 m below the surface. What force must be applied to a pop-out hatch, which is 1.2 m by 0.78 m, to push it out at that depth? Assume that the density of the ocean water is 1038 kg/m3.    897864 N

13  What gauge pressure must a machine produce in order to suck mud of density 1600 kg/m3 up a tube by a height of 1.6 m?    -25088 Pa

18    Snorkeling by humans and elephants. When a person snorkels, the lungs are connected directly to the atmosphere through the snorkel tube and thus are at atmospheric pressure. In atmospheres, what is the difference Δp between this internal air pressure and the water pressure against the body if the length of the snorkel tube is (a) 27 cm (standard situation) and (b) 4.4 m (probably lethal situation)? In the latter, the pressure difference causes blood vessels on the walls of the lungs to rupture, releasing blood into the lungs. As depicted in Fig. 14-34, an elephant can safely snorkel through its trunk while swimming with its lungs 4.4 m below the water surface because the membrane around its lungs contains connective tissue that holds and protects the blood vessels, preventing rupturing.
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	(a)
	Number
	  0.026145623762   
	Units
	atm 


	(b)
	Number
	  0.426076831683   
	Units
	atm 


28.  A piston of cross-sectional area a is used in a hydraulic press to exert a small force of magnitude f on the enclosed liquid. A connecting pipe leads to a larger piston of cross-sectional area A (Fig. 14-35). If the piston diameters are 3.44 cm and 47.3 cm, what force magnitude on the small piston will balance a 47.2 kN force on the large piston?     249.6 N
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Sample Problem Set 3 - Waves

5)  If          y(x,t) = (6.0 mm) sin[kx + (320 rad/s)t + [image: image6.png]


]
describes a wave traveling along a string, how much time does any given point on the string take to move between displacements y = +2.3 mm and y = -2.3 mm?       0.00246 s 

7)  A sinusoidal wave of frequency 590 Hz has a speed of 370 m/s. (a) How far apart are two points that differ in phase by [image: image7.png]


/7 rad? (b) What is the phase difference between two displacements at a certain point at times 2.6 ms apart?    .04479 m     9.638 rad

8)         The equation of a transverse wave traveling along a very long string is

 y = 2.25 sin(0.0790[image: image8.png]
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t),  where x and y are expressed in centimeters and t s in seconds.

 Determine (a) the amplitude, (b) the wavelength, (c) the frequency, (d) the speed, and (e) the maximum transverse speed of a particle in the string. (f) What is the transverse displacement at x = 4.45 cm when t = 0.526 s? 

 (a) 2.25 cm  (b) 25.3 cm  (c) 2.37 Hz   (d) 60.00 cm/s  (e) 33.5 cm/s (f) 1.054 cm.  

15)  What is the speed of a transverse wave in a rope of length 1.2 m and mass 64 g under a tension of 390 N?     85.5  m/s

19)  The linear density of a string is 1.2 × 10-4 kg/m. A transverse wave on the string is described by the equation 
y = (0.014 m) sin[(1.9 m-1)x + (31 s-1)t]
What are (a) the wave speed and (b) the tension in the string?   16.316 m/s   .03194 N

Sample Course Outline:
Week 1 Temperature, Heat, 1st Law of Thermodynamics

Week 2 Kinetic Theory of Gases

Week 3 Entropy, Second and Third Laws of Thermodynamics

Week 4 Fluids I - Statics

Week 5 Fluids II - Dynamics

Week 6 Simple Harmonic Motion and Pendula

Week 7 Mathematics of Waves / Midterm Exam

Week 8 Applications of Waves I – Strings, Membranes

Week 9 Applications of Waves II – Water Waves, Solid Waves

Week 10 Applications of Waves III – E&M Waves

Week 11 Geometrical Optics

Week 12 Physical Optics I : Slits, Gratings

Week 13 Physical Optics II : Polarization, Wave Plates

Week 14 Review and Final Exam

