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PHYS 1251	COURSE TITLE: Calculus-Based Physics II CREDITS: 5
PRE-REQUISITES: PHYS 1250, MATH 1151
CO-REQUISITES: MATH 1152 or MATH 1172

COURSE DESCRIPTION:
A laboratory course in classical electromagnetism (electric charge, field, and potential, DC and AC circuits, magnetic forces and fields, induction, and electromagnetic waves), geometric and physical optics, and quantum physics.

COURSE LEARNING OUTCOMES:
1. Students will collect data from experiments they have performed, assess its validity, estimate errors, propagate errors, and interpret the physical meaning of the data for experiments throughout this calculus-based physics course and meet the guidelines for the Natural Sciences Laboratory Requirement for Ohio Transfer 36.

2. Students will explain and predict the motion of point charges in terms of electromagnetic fields and forces, electric potential, and energy conservation laws; determine the electric field and potential of three point charges not in a straight line, determine the motion of a charged particle in a uniform n electric field, determine the electric field from a continuous distribution of charge such as a line, plane, ring, disk; use Gauss’s law to determine the electric field of a charged sphere or cylinder, determine the magnetic field from a current carrying conductor, find the electric field from an electric potential function, explain and predict the induced electric current and the forces present in a loop of wire while the magnetic flux through the wire loop is changing; and explain or describe the propagation, transmission, and detection of electromagnetic waves.

3. Students will determine the steady state potential differences across an electric current in each component in a circuit containing a battery and several resistors in parallel and series, determine the equivalent resistance for combinations of at least three resistors in parallel and in series, determine the equivalent capacitance for combinations of at least three capacitors in parallel and in series; Explain or predict
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the short term and long-term properties of a circuit containing a battery, resistors, and capacitors; explain or predict the short term and long-term properties of a circuit containing a battery, resistors, and inductors; and explain or predict the time varying and asymptotic electrical properties of capacitors and inductors.

4. Students will explain or predict the behavior of electromagnetic waves interacting with mirrors, transparent media, thin lenses, slits, and gratings; describe the interference, diffraction, and dispersion of light and calculate the separation of features seen in the patterns formed by these processes; use the ray model of light to solve problems with plane and spherical mirrors, prisms, and thin lenses; use the wave description of light to predict interference from a thin film; and use wave description of light to predict interference from single, double, and multiple slits and diffraction gratings.

5. Students will understand the evidence of wave-like properties of particles [proton, electron…] and molecules [buckyball]; explain how the ultraviolet catastrophe is resolved by the quantization of energy, relate the frequency-wavelength relation of EM waves to the energy-momentum relation of a photon, relate the production and properties of photoelectrons to the particle-like property of light, describe the intensity of light (EM waves) in terms of the number per unit time and area and frequency of the photons, and relate the wave-like nature of an electron to its stationary state in a confining potential [particle in a box and hydrogen atoms].

OHIO TRANSFER 36 NATURAL SCIENCE LEARNING OUTCOMES:
1. Understand the basic facts, principles, theories, and methods of modern science.
2. Explain how scientific principles are formulated, evaluated, and either modified or validated.
3. Use current models and theories to describe, explain, or predict natural phenomena.
4. Apply scientific methods of inquiry appropriate to the discipline to gather data and draw evidence-based conclusions.
5. Demonstrate an understanding that scientific data must be reproducible but that it shows intrinsic variation and can have limitations.
6. Apply foundational knowledge and discipline-specific concepts to address issues or solve problems.
7. Explain how scientific principles are used in understanding the modern world and understand the impact of science on the contemporary world.
8. Gather, comprehend, apply and communicate credible information on scientific topics, evaluate evidence-based scientific arguments in a logical fashion, and distinguish between scientific and non-scientific evidence and explanations.

OHIO TRANSFER 36 NATURAL SCIENCE LABORATORY LEARNING OUTCOMES
The laboratory experiment involves and includes the following:

1. Realistic measurements of physical quantities.
2. Data analysis, using data that are unique and/or physically authentic and that include random and/or systematic (natural) variability.
3. Realistic interactions with experimental apparatus, and realistic manipulation of tools/ instruments and/or observed objects in space and time.
4. Synchronous feedback on safety (and consequences of unsafe actions), correctness of procedure, and progress toward experimental goals.
5. Effective interaction with the instructor at several points during each lab activity.

TAG LEARNING OUTCOMES:
1. Experiment:
The successful Calculus-Based Physics II (with lab) student will be able to:
1a. Collect data from experiments they have performed, assess its validity, estimate errors, propagate errors, and interpret the physical meaning of the data for experiments that relate to the materials needed for the other outcomes in this calculus physics course.
1b. Meet the guidelines for the Natural Sciences Laboratory Requirement for the Ohio Transfer 36.

2. Electromagnetism:
The successful Calculus-Based Physics II (with lab) student will be able to:
2a. Explain and predict the motion of point charges in terms of electromagnetic fields and forces, electric potential, and energy conservation laws.
2b. Determine the electric field and potential of three point charges not in a straight line.
2c. Determine the motion of a charged particle in a uniform n electric field.
2d. Determine the electric field from a continuous distribution of charge such as a line, plane, ring, disk.
2e. Use Gausses law to determine the electric field of a charged sphere or cylinder. 2f. Determine the magnetic field from a current carrying conductor.
2g. Find the electric field from an electric potential function.
2h. Explain and predict the induced electric current and the forces present in a loop of wire while the magnetic flux through the wire loop is changing.
2i. Explain or describe the propagation, transmission, and detection of electromagnetic waves.

3. Electrical devices and circuits:
The successful Calculus-Based Physics II (with lab) student will be able to:
3a. Determine the steady state potential differences across and electric current in each component in a circuit containing a battery and several resistors in parallel and series.
3b. Determine the equivalent resistance for combinations of at least three resistors in parallel and in series.

3c. Determine the equivalent capacitance for combinations of at least three capacitors in parallel and in series.
3d. Explain or predict the short term and long-term properties of a circuit containing a battery, resistors, and capacitors.
3e. Explain or predict the short term and long-term properties of a circuit containing a battery, resistors, and inductors.
3f. Explain or predict the time varying and asymptotic electrical properties of capacitors and inductors.

4. Geometric and Physical Optics:
The successful Calculus-Based Physics II (with lab) student will be able to:
4a. Explain or predict the behavior of electromagnetic waves interacting with mirrors, transparent media, thin lenses, slits, and gratings.
4b. Describe the interference, diffraction, and dispersion of light and calculate the separation of features seen in the patterns formed by these processes.
4c. Use the ray model of light to solve problems with plane and spherical mirrors, prisms, and thin lenses.
4d. Use the wave description of light to predict interference from a thin film.
4e. Use wave description of light to predict interference from single, double, and multiple slits and diffraction gratings.

5. Special Relativity:
The successful Calculus-Based Physics II (with lab) student will be able to: 5a. Explain and predict the behavior and character of objects moving at high,
constant speeds in terms of the principles of special relativity.
5b. State the two postulates of the special theory of relativity and apply them to objects travelling close to the speed of light.
5c. Relate the key result of the Michelson-Morley experiment to the postulates of special relativity.
5d. Apply the equations of Lorentz transformation and relate the spatial and temporal intervals observed by moving and stationary observer.
5e. Describe the “twin paradox.”
5f. Apply the relativistic energy-momentum relationship.

6. Quantum Physics:
The successful Calculus-Based Physics II (with lab) student will be able to:
6a. Understand the evidence of wave-like properties of particles [proton, electron…] and molecules [buckyball].
6b. Explain how the ultraviolet catastrophe is resolved by the quantization of energy. 6c. Relate the frequency-wavelength relation of EM waves to the energy-momentum
relation of a photon.
6d. Relate the production and properties of photoelectrons to the particle-like property of light.

6e. Describe the intensity of light (EM waves) in terms of the number per unit time and area and frequency of the photons.
6f. Relate the wave-like nature of an electron to its stationary state in a confining potential [particle in a box and hydrogen atoms].


COURSE MATERIALS:
· Textbook: Physics for Scientists and Engineers by Serway & Jewett (10th Ed.)
· Laboratory manual: PHYS 1251 Lab Manual, Cobbina, & Fisher, Van Griner, 2018
· Scientific calculator

STANDARDS AND METHODS FOR EVALUATION:
· Homework assignments (17), and quizzes for each unit of instruction.
· Highest 12 of 14 lab reports
· Two midterm exams
· One comprehensive final exam

· Class Grades Assigned
90% - 100% of total points earned: A 80% - 89% of total points earned: B 70% - 79% of total points earned: C 60% - 69% of total points earned: D Below 60% of total points earned: E

SPECIAL COURSE REQUIREMENTS:
· The course lab grade is calculated from the best 12 lab reports.
· Students must earn a passing grade on at least 10 lab reports to pass the course.

COLLEGE SYLLABUS STATEMENTS

Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at www.cscc.edu/syllabus or on the College website Quick Links “Syllabus Statements”.
UNITS OF INSTRUCTION, OUTCOMES AND ASSESSMENT ALIGNMENT WEEK 1
Unit of Instruction: Electric charge and force
Lecture Learning Outcomes:
Students will:
· Understand the source, nature and properties of charged particles.
· Understand the Law of Charge Conservation.

· Be able to distinguish between and explain charging by contact vs induction.
· Demonstrate an understanding of conductors and insulators
· Solve problems related to net electric charge/ charge conservation.
· Understand Coulomb’s Law and electric permittivity, solve a variety of problems related to electrostatic force including calculations of force due to 3 or more point charges not on a straight line, predict motion of a point charge due to electrostatic force and demonstrate knowledge of related observable phenomena.
Lab Learning Outcomes:
Students will:
· Understand safety rules in a laboratory.
· Use the law of charge conservation, knowledge of conductors vs. insulators, knowledge of charging by contact vs induction, and Coulomb’s Law to make predictions and explanations of laboratory observations.
· Through interaction with the instructor prior to and during the experiment demonstrate an understanding of safely manipulating electric charges using a Van de Graaff generator.
· Explain the observations related to various charging scenarios and grounding. Assigned Reading: Chapter 22 in textbook. “Physics Lab Safety Agreement” and Lab 1 “Electrostatics” in the Lab Manual.
Assessment Methods:
· Homework #1 covering topics in chapter 22 and related lecture materials.
· Complete prelab and perform “Electrostatics” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 1):1-7
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 1): 3-5
TAG Learning Outcomes: 1, 2a-2b

WEEK 2
Unit of Instruction: Electric field and Gauss’s Law
Lecture Learning Outcomes:
Students will:
· Know the definition and properties of electric fields.
· Be able to predict/identify electric field lines due to different charge configurations
· Solve problems of electric fields due to multiple point charges as well as continuous charge configurations.
· Demonstrate an understanding of electric flux, Gauss’s Law and apply Gauss’s law to calculate electric fields due to various charged objects of different shapes.
· Demonstrate the ability to relate electric field to electric force on a charged particle placed in an electric field.
· Predict the motion of a charged particle within an electric field.

Lab Learning Outcomes:

Students will:
· Demonstrate an understanding of the definition of electric potential, equipotential lines, the connection between equipotential lines and electric field lines.
· Predict the distribution of equipotential lines and electric field line maps pertaining to different charge configurations.
· Demonstrate the ability to create different charge configurations using power supplies, measure potentials using digital multimeters.
· Use experimental measurements of potentials to determine the equipotential lines, produce an electric field line map, and assess areas of improvement.
· Understand the random variability of potential values and explain significant variations in the shapes/distribution of equipotential lines and electric field lines observed experimentally, compared to the predictions.
Assigned Reading: Chapter 23 in textbook. Lab 2 “Field Lines & Equipotentials” in the Lab Manual.
Assessment Methods:
· Homework #2 covering topics in chapter 23 and related lecture materials.
· Complete prelab and perform “Field Lines & Equipotentials” experiment with report.
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 2): 1-5
TAG Learning Outcomes: 1, 2a, 2e

WEEK 3
Unit of Instruction: Electric Potential and Capacitors
Lecture Learning Outcomes:
Students will:
· Be able to define electric potential energy and electric potential.
· Solve problems on electric potential due to various charge configurations.
· Determine electric field from an electric potential function.
· Explain and predict the motion of point charges in terms of electric fields and forces, electric potential, and energy conservation laws.
· Demonstrate understanding of capacitance and relate concepts of charge stored and potential difference across a capacitor.
Lab Learning Outcomes:
Students will:
· Understand the concept of capacitance.
· Understand the concept of current in terms of electric charge.
· Understand charging and discharging behaviors of a capacitor in series with a resistor. Determine equivalent capacitance of capacitors connected in series and in parallel. Understand the correct/safe connection of ammeters and voltmeters.
· Collect voltage vs time and current data vs. time data (and graph them), during charging and discharging of a capacitor.

· Use the current data to calculate charge vs. time, and charge vs. voltage graph (during charging) to calculate the experimental value for capacitance.
· Experimentally calculate the time constant using the discharging V. vs t graph, and compare this with the time constant predicted with the experimental capacitance.
· Use appropriate trials to determine data variability and accuracy.
Assigned Reading: Chapter 24 and Chapter 25 in textbook. Lab 3 “Capacitors” in the Lab Manual.
Assessment Methods:
· Homework #3 covering topics in chapters 24 and related lecture materials.
· Complete prelab and perform “Capacitors” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 3):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 3): 1-5
TAG Learning Outcomes: 1, 2a, 2b, 2g, 3c, 3d, 3f

WEEK 4
Unit of Instruction: Capacitors
Lecture Learning Outcomes:
Students will:
· Demonstrate an understanding of charge storage in a capacitor, and how capacitance relates to physical properties of a capacitor such as the dielectric filling and physical dimensions.
· Solve problems determining equivalent capacitance for 3 or more capacitors connected in series and parallel.
· Demonstrate understanding of energy stores in a capacitor. Solve problems with capacitance applied to practical observations/ devices.
· Understand the physical interpretation of current and voltage, and their role in capacitor connections.
Lab Learning Outcomes:
Students will:
· Demonstrate an understanding of circuits containing batteries and resistors.
· Be able to apply Ohm’s Law.
· Properly connect resistors in series and in parallel.
· Correctly use a digital multimeter as a voltmeter, multimeter, or an ohmmeter.
· Take data of voltage drops across and currents through a resistor (or a combination), produce V vs. I graph and use best-fit lines to calculate resistance.

Assigned Reading: Chapter 25 in textbook. Lab 4 “Resistors” in the Lab Manual.
Assessment Methods:
· Homework #4 covering topics in chapter 25 and related lecture materials.
· Complete prelab and perform “Resistors” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 4):1-8

OT36 Natural Science Laboratory Learning Outcomes Covered (Week 4): 1-5
TAG Learning Outcomes: 1, 2a, 2b, 2g, 3c, 3d, 3f

WEEK 5
Unit of Instruction: Current and Resistance
Lecture Learning Outcomes:
Students will:
· Understand the definitions and connection between electric current and current density.
· Understand Ohm’s Law and be able to calculate potential difference across and currents through each component in a circuit containing a battery and several resistors in parallel and series.
· Be able to explain the dependance of resistance on resistor dimensions and resistivity, including the temperature dependance of resistivity.
· Determine the equivalent resistance for combinations of at least three resistors in parallel and in series.
· Understand electromotive force vs terminal voltage of a battery.
· Be able to solve problems on electrical energy and power.
Lab Learning Outcomes:
Students will:
· Apply knowledge on voltmeter/ ammeter/ ohmmeter connections to measure voltage drops, currents through and experimental resistances of individual resistors (and combinations of resistors) connected in circuits.
· Apply the knowledge of Ohm’s Law and Series/Parallel resistor connections, to theoretically calculate currents and voltages of individual resistors (and combinations of resistors) connected in a reducible circuit.
· Verify the validity of Kirchhoff’s Laws at junctions and loops of an irreducible circuit, using the experimental data of voltage drops and currents.

Assigned Reading: Chapter 26 in textbook. Lab 5 “DC Circuits” in the Lab Manual.
Assessment Methods:
· Homework #5 covering topics in chapter 26 and related lecture materials.
· Complete prelab and perform “DC Circuits” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 5):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 5): 1-5
TAG Learning Outcomes: 1, 3a, 3b

WEEK 6
Unit of Instruction: Direct Current Circuits
Lecture Learning Outcomes:
Students will:

· Understand and apply Kirchhoff’s Laws to solve for currents through different branches, voltage drops across various component, and resistance of components for circuits that connect batteries and resistors not necessarily directly in series/parallel.
Lab Learning Outcomes:
Students will:
· Observe the magnetic field produced by a current carrying solenoid. Students will use a compass and a magnetic field sensor to probe the distribution of B-field direction and magnitude in the surrounding space.
· Measure and graph the B-field vs. position along the central axis along the solenoid.
· Measure and graph B-field vs. current at the center of the solenoid and use a best-fit line to calculate the number of loops in the solenoid.
· Compare the B-field measurements with and without placing an iron core within the solenoid.

Assigned Reading: Chapter 27 in textbook. Lab 6 “Solenoid” in the Lab Manual.
Assessment Methods:
· Homework #6 covering topics in chapter 27 and related lecture materials.
· Complete prelab and perform “Solenoid” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 6):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 6): 1-5
TAG Learning Outcomes: 1, 2f, 3a, 3b, 3d, 3f

WEEK 7
Unit of Instruction: Magnetic Fields of Moving Charges
Lecture Learning Outcomes:
Students will:
· Learn to explain magnetic fields due to moving charges, using Biot-Savart Law, and Ampere’s Law. They will solve problems involving calculations of magnetic field at a given point in space due to a moving charge and currents in various shapes of conductors (eg: straight, circular, solenoid, torroid).
· Solve problems on magnetic field inside a current carrying conductor.
Lab Learning Outcomes:
Students will:
· Predict the magnetic field at point due to an irregularly shaped current carrying wire. Students will carry out a rough check of the correctness of their calculation by calculating the radius of a circle that will produce the calculated B field at its center and placing such a circle on top of the irregular shape with the position of the B field overlapping. They will optionally compare the theoretical prediction to their experimental measurement of the magnetic field.

· Verify Ampere’s law by calculating the clockwise line integral of the magnetic field around an Amperian loop enclosing a 12.0-A current.
· Discuss accuracy and reasons for differences.
Assigned Reading: Chapter 29 in textbook. Lab 7 “Current and Magnetic Field” in the Lab Manual.
Assessment Methods:
· Homework #7 covering topics in chapter 29 and related lecture materials.
· Complete prelab and perform “Current and Magnetic Field” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 7):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 7): 1-5
TAG Learning Outcomes: 1, 2f

WEEK 8
Unit of Instruction: Magnetic Forces and Faradays Law
Lecture Learning Outcomes:
Students will:
· Learn about forces on a moving charge and current carrying conductors in the presence of a magnetic field. They will use this basis to explain the magnetic torque on a loop of wire and understand the working principles of a DC Motor.
· Be able to explain the forces between two current carrying wires in terms of magnetic forces.
· Be able to explain the motion/path of a charged particle in the presence of electric and magnetic fields. They will solve problems on practical applications such as kinematics and energy of charged particles accelerated in cathode ray tubes, particle accelerators and velocity selectors.
· Learn the physical meaning and definition of magnetic flux.
· Learn to apply Faraday’s Law and Lenz’s Law to calculate the magnitude and direction of induced electromotive forces. They will solve problems related to various magnetic flux variations caused by changes in magnetic field/area.
· Learn about electromotive forces induced on conductors moving in magnetic fields and discuss related applications on conductors moving within the geomagnetic field.
· Be able to describe applications of induction such as eddy current applications and magnetic braking systems.
· Be able to differentiate between generators and motors.
Lab Learning Outcomes:
Students will:
· Observe components of a DC motor, to understand the path of current, and the function of each component.
· Apply knowledge on magnetism and electricity to explain the continued rotation of armature.

· Discuss their understanding with the instructor and make notes on the lab report. Assigned Reading: Chapter 28, and Chapter 30 sections 1-4 in textbook. Lab 8 “DC Motor” in the Lab Manual.
Assessment Methods:
· Homework #8 covering topics in chapter 28 and related lecture materials.
· Homework #9 covering topics in chapter 30 and related lecture materials.
· Complete prelab and perform “DC Motor” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 8):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 8): 3-5
TAG Learning Outcomes: 1, 2f, 2h, 3e

WEEK 9
Unit of Instruction: Electromagnetic Induction and AC Circuits
Lecture Learning Outcomes:
Students will:
· Learn about inductance of a solenoid.
· Explain the behavior of an RL/ RC circuits when connected to a power supply and short-circuited from the power supply.
· Learn about practical usefulness and energy of inductors.
· Learn about mutual inductance.
· Learn about the working principles of a transformer in terms of electromagnetic induction.
· Learn about voltage and current variation in an AC driven circuit.
· Analyze circuits with an AC power supply connected individually to a resistor, a capacitor and an inductor, to a resistor & a capacitor, and to an inductor & an inductor. Students will solve problems related to voltage & current variations across, and reactance of, each component.
· Learn about voltage and current variations in an RLC circuit. Students will solve problems related to impedance and explain resonance of RLC circuits.
Lab Learning Outcomes:
Students will:
· Use oscilloscopes to measure primary and secondary peak-to-peak voltages.
· Perform trials measuring experimental Vs/Vp of a step-up transformer at different voltage inputs to calculate an average. Compare with theoretical Vs/Vp.
· Perform trials of above experiment with and without an iron core.
· Perform trials measuring experimental Vs/Vp of a step-down transformer at different voltage inputs and frequencies to calculate averages for each frequency. Compare with theoretical Vs/Vp.
· Students will identify ways to improve the efficiency of a transformer and discuss effects of input voltage and frequency on the performance of the device.
Assigned Reading: Chapter 31, and Chapter 32 in textbook. Lab 9 “Transformers” in the Lab Manual.

Assessment Methods:
· Homework #9 covering topics in chapter 31 and related lecture materials.
· Homework #10 covering topics in chapter 32 and related lecture materials.
· Complete prelab and perform “Transformers” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 9):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 9): 1-5
TAG Learning Outcomes: 1, 2f, 2h, 3d, 3e, 3f

WEEK 10
Unit of Instruction: Electromagnetic Waves
Lecture Learning Outcomes:
Students will:
· Understand the solutions to Maxwell’s Equations, and explain origins, constituents and propagation of an EM wave.
· Understand EM wave transmission and EM wave spectrum. Students will solve problems on identifying properties of a wave using the wave equation.
· Solve problems on wave energy and radiation pressure along with practical applications (eg: solar sails).
· Distinguish un-polarized light from polarized light. Students will be able to use Malus’ law to calculate the intensities of polarized light as it goes through a polarizing filter. Students will be able to calculate intensities from electric fields.
Lab Learning Outcomes:
Students will:
· Connect a resistor, inductor and a capacitor in series with a signal generator, and use oscilloscopes to measure peak to peak voltages across each component.
· Measure voltages across each component for a series of AC frequencies, to determine the resonant frequency.
· Use the max voltage for each component and current at that point to find the inductive and capacitive reactance.
· Graph inductive reactance vs. frequency and capacitive reactance vs. frequency, to calculate experimental values for L and C.
Assigned Reading: Chapter 33 in textbook. Lab 10 “RLC Circuits” in the Lab Manual.
Assessment Methods:
· Homework #11 covering topics in chapter 33 and related lecture materials.
· Complete prelab and perform “RLC Circuits” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 10):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 10): 1-5
TAG Learning Outcomes: 1, 2i, 2f, 2h, 3d, 3e, 3f, 4a, 4b, 4c

WEEK 11
Unit of Instruction: Geometric Optics
Lecture Learning Outcomes:

Students will:
· Learn about and solve problems on Law of Reflection and Snell’s Law. Students will demonstrate an understanding of index of refraction and be able to explain physical optical phenomena in terms of reflection and refraction.
· Be able to find the images formed by plane mirrors, concave mirrors, and convex mirrors by calculation and by scale drawing.
· Be able to find the images formed by converging and diverging lenses by calculation and scale drawing.
· Demonstrate an understanding of the use of mirrors and lenses in optical instruments.
Lab Learning Outcomes:
Students will:
· Verify law of reflection.
· Experimentally find the index of refraction of glass.
· Use the above index of refraction to predict the critical angle of reflection and perform an experiment to find that angle.
· Discuss inaccuracies and reasoning.
Assigned Reading: Chapter 34 and Chapter 35 in textbook. Lab 11 “Reflection and Refraction” in the Lab Manual.
Assessment Methods:
· Homework #12 covering topics in chapter 34 and related lecture materials.
· Homework #13 covering topics in chapter 35 and related lecture materials.
· Complete prelab and perform “Reflection and Refraction” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 11):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 11): 1-5
TAG Learning Outcomes: 1, 4a, 4b, 4c

WEEK 12
Unit of Instruction: Wave Nature of Light
Lecture Learning Outcomes:
Students will:
· Be able to do Young’s double slit interference experiment problems. Students will be able to describe a Michelson interferometer. Students will be able to calculate the thickness of thin films as they produce constructive and destructive interferences.
· Demonstrate an understanding of diffraction of light as well as the wave model of light. Students will be able to calculate wavelength, slit width, distance between fringes in a diffraction pattern. Students will be able to distinguish between
single-slit and double slit diffractions. Students will demonstrate an understanding of diffraction by circular apertures and diffraction gratings as well as resolving powers.
Lab Learning Outcomes:

Students will:
· Conduct an experiment to find the focal length of a converging lens experimentally. Calculate experimental and predicted magnifications for the same device. Students will discuss errors and make predictions on images produced by objects at a very far distance.
· Conduct an experiment to produce a real image with a diverging lens in combination with a converging lens. Students will make prediction on the position and magnification of the final image and compare those with their experimental results.
· Will produce ray diagrams for a chosen instance of each experiment. Assigned Reading: Chapters 36 & 37 in textbook. Lab 12 “Thin Lenses” in the Lab Manual.
Assessment Methods:
· Homework #14 covering topics in chapters 36 & 37 and related lecture materials.
· Complete prelab and perform “Thin Lenses” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 12):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 12): 1-5
TAG Learning Outcomes: 1, 4a – 4e

WEEK 13
Unit of Instruction: Introduction to Quantum Physics
Lecture Learning Outcomes:
Students will:
· Demonstrate an understanding of Blackbody radiation.
· Demonstrate an understanding that light is made up of particles called photons. Students will be able to solve problems in photoelectric effect. Students will demonstrate an understanding that photons and electrons have momentum. Students will demonstrate an understanding of the Heisenberg’s uncertainty principle.
Lab Learning Outcomes:
Students will:
· Set up an experiment with a laser, polarizing filters and a light sensor to experimentally measure the output light intensity at different relative orientations between the filters. Students will make theoretical calculations and discuss inaccuracies.
· Learn to calibrate a light sensor to highest and lowest possible intensity readings.
· Set up an experiment to understand how light can pass through two perpendicular filters, as long as a third filter is placed between them.
Assigned Reading: Chapter 39 in textbook. Lab 13 “Polarization” in the Lab Manual.
Assessment Methods:
· Homework #15 covering topics in chapter 39 and related lecture materials.
· Complete prelab and perform “Polarization” experiment with report.

OT36 Natural Science Learning Outcomes Covered (Week 13):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 13): 1-5
TAG Learning Outcomes: 1, 4, 6a – 6f

WEEK 14
Unit of Instruction: Quantum Mechanics
Lecture Learning Outcomes:
Students will:
· Review their understanding on quantization.
· Be able to understand the energies of a trapped electron as well as for an electron in a finite well. Students will be able to calculate the radius and the energies of the Bohr’s model of the hydrogen atom.
Lab Learning Outcomes:
Students will:
· Use a laser to produce interference patterns for three sets of double-slits, measure the position of maxima and calculate experimental averages for the fringe spacing. Students will comment on the effects of changing the slit spacing d.
· Produce diffraction patterns for three sets of single-slits, measure the position of 1st and 2nd maxima and 1st and 2nd minima, on each side. Students will compare the experimental average position of each maxima/minima to theoretical predictions, and comment on the effects of changing the slit width.
Assigned Reading: Chapter 40 in textbook. Lab 14 “Interference and Diffraction” in the Lab Manual.
Assessment Methods:
· Homework #16 covering topics in chapter 40 and related lecture materials.
· Complete prelab and perform “Interference and Diffraction” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 14):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 14): 1-5
TAG Learning Outcomes: 1, 6a – 6f

WEEK 15
Unit of Instruction: Atomic Physics
Lecture Learning Outcomes:
Students will:
· Demonstrate an understanding of the additional properties of the atom, namely: (1) spin, (2) angular momentum, and (3) magnetic dipole moment.
· Demonstrate an understanding of how lasers work.
· Comprehensively review all topics covered in the course.
Lab Learning Outcomes:
Students will:

· Set up a laser and a diffraction grating to produce a diffraction pattern. Students will use measurements of the position of spectral lines to experimentally calculate the slit spacing of the grating.
· Set up a Hydrogen emission tube with a diffraction grating, measure the positions of 1st and 2nd order spectral lines to experimentally calculate as many wavelengths as possible.
Assigned Reading: Chapter 41 in textbook. Lab 17 “Balmer Series” in the Lab Manual.
Assessment Methods:
· Homework #17 covering topics in chapter 41 and related lecture materials.
· Complete prelab and perform “Balmer Series” experiment with report.
OT36 Natural Science Learning Outcomes Covered (Week 15):1-8
OT36 Natural Science Laboratory Learning Outcomes Covered (Week 15): 1-5
TAG Learning Outcomes: 1, 6f
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