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Revised by Patrick Murphy



Date Approved: Date Revised:



Fall 2012



COURSE SYLLABUS Syllabus for:



PHYS Discipline



Former Course and Title: Former Quarter Course(s):



2110 Number



CALCULUS BASED PHYSICS I Course Name



PHYS 2110 General Physics I PHY 2310 General Physics I PHY 231 and PHY 232



Catalog Description: This course is an applied study of the basic laws and principles of technical measurement, forces, vectors, equilibrium, velocity and acceleration, work, energy, and power, basic laws and principles of rotational motion, simple machines, and properties of solids and fluids. Credit Hours: 4



Contact Hours 6



Lab Hours 3



Prerequisite:



Documented eligibility for collegiate level English



Prerequisite(s): or Co requisite:



MATH 1910 and concurrent enrollment in or completion of MATH 1920 or its equivalent



Required Textbook: Title University Physics



Author(s) Young



Edition/Date 13th / 2012



Publisher Addison-Wesley



Title University Physics: Vol.1 Study Guide



Author(s) Young



Edition/Date 13th / 2012



Publisher Addison-Wesley



Title University Physics: Vol.1 Student Solutions Manual



Author(s) Young



Edition/Date 13th / 2012



Publisher Addison-Wesley



Required Supplies/Material(s): Scientific Calculator, 12 inch ruler, protractor Recommended Supplementary Material(s): Schaum’s Outline: Physics for Engineering and Science Student Group for Whom Course is Required/Intended: This course is intended for science and engineering students. It is required for the physics and pre-engineering programs of study. An understanding of several calculus concepts is required. Motlow State Community College Lynchburg, TN Page 1 of 12



PHYS 2110 CALCULUS BASED PHYSICS I GOALS: These should be broadly stated, measurable learning outcomes expected with the completion of the course: use additional sheet(s) if necessary. The goals of this course are to provide an understanding of the basic physical laws and principles of technical measurement, forces, vectors, equilibrium, friction, torque, rotational equilibrium, velocity and acceleration, work, energy, power, waves and the properties of solids and fluids. OBJECTIVES: These should be specifically stated, measurable learner outcomes to be met through the course; use additional sheet(s) if necessary. SUBJECT AREAS: 1. Units, Physical Quantities, and Vectors 2. Motion Along a Straight Line 3. Motion in Two or Three Dimensions 4. Newton’s Laws of Motion 5. Applications of Newton’s Laws Including Equilibrium 6. Work, Kinetic Energy, and Power 7. Potential Energy and Energy Conservation 8. Momentum, Impulse and Collisions 9. Rotational of Rigid Bodies 10. Dynamics of Rotational Motion 11. Equilibrium and Elasticity, 12. Gravitation 13. Periodic Motion and Simple Harmonic Motion 14. Fluids at Rest and in Motion 15. Mechanical Waves 16. Sound and Hearing 17. Temperature and Heat



1.



a. b. c. d. e. f.



OBJECTIVES ( PHYS 2110 CALCULUS BASED PHYSICS I ) Write the fundamental units for mass, length, and time in SI and U.S. customary units. Define and apply the SI prefixes, which indicate multiples of base units. Convert from one unit to another unit for the same quantity when given the necessary definitions Calculate the surface area of a square, a rectangle, a triangle, and a circle when given the necessary dimensions. Calculate the volume of a cube, a rectangular solid, and a cylinder when given the necessary dimensions. Define mass and weight and discuss the use of the kilogram and the pound to describe objects.
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PHYS 2110 OBJECTIVES (Continued) g. h. i. j. k. l. m. n. o.



2.



a. b. c. d. e. f. g. h. i.



3.



a. b. c. d. e. f. g. h. i.



Solve simple formulas for any symbol appearing in the formula; then, evaluate by substitution. Apply the rules for operations with exponents and radicals. Express decimal numbers in scientific notation and perform the common mathematical operations with them. Construct a graph from given data and interpret new information from the graph. Apply the elementary rules of geometry to determine unknown angles in given situations. Define a vector quantity and a scalar quantity and give examples of each. Determine the components of a given vector. Find the resultant effect of two or more vectors. Use trigonometry to determine the resultant of a number of vectors by the component method. Define displacement; discuss the difference between distance and displacement. Define average velocity in terms of displacement and perform calculations relating velocity to displacement. Define instantaneous velocity and its relation to average velocity. Introduce and work problems involving average and instantaneous acceleration. Interpret acceleration, velocity and displacement information from graphical data depicting the motion of an object along a straight line. Analyze the motion of an object with uniform acceleration in one dimension. Use the properties of motion with uniform acceleration to characterize the vertical motion of an object in free fall. Solve problems involving time, distance, average speed, and average acceleration. Apply one of the four general equations for uniformly accelerated motion to solve for one of the five parameters: initial speed, final speed, acceleration, time, and distance. Define the position vector and calculate the vector displacement of an object moving in a plane. Define average velocity for motion in a plane. Define instantaneous velocity in a plane and its relation to average velocity. Relate average and instantaneous acceleration in a plane to the change in velocity. Define projectile and trajectory. Develop and apply the equations of motion and velocity for components of projectile motion in the horizontal and vertical directions. Analyze the motion of a projectile in a uniform gravitational field. Calculate the maximum height and range of a projectile given the initial projectile velocity and launch angle. Introduce the basic aspects of uniform circular motion, including the concepts of centripetal acceleration.
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PHYS 2110 OBJECTIVES (Continued) 4.



a. b. c. d. e. f. g. h. i. j.



k. l.



5.



a. b. c.



d.



e. f. g. h. i. j.



Define force and its common units of measure. Give examples of types of forces observed in common situations. Emphasize the vector nature of forces and the principle of superposition by working example problems requiring the calculation of the resultant force. Define, and demonstrate by example or experiment an understanding of, Newton’s first law of motion. Introduce the concept of inertia and explain its relationship to mass. Define translational equilibrium and show that the resultant force must equal zero for an object to be in a state of translational equilibrium. Solve for unknown forces by applying the first condition for equilibrium to a problem dealing with multiple concurrent forces acting on a non-accelerating object. Define Newton’s Second Law of motion. Perform simple, one-dimensional motion problems involving Newton’s Second Law. Emphasize the vector nature of Newton’s Second Law by presenting the component form of the Second Law. Use Newton’s Second Law to illustrate the distinction between the physical quantities of mass and weight. Perform sample calculations to reinforce these concepts. Present and discuss Newton’s Third Law and its usefulness in identifying which forces to use in solving problems involving the First and Second Laws. Introduce the concept of a free-body diagram and illustrate its usefulness in setting up problems involving Newton’s Laws of Motion. State the first condition for equilibrium, give a physical example, and demonstrate by calculations that the first condition is satisfied. Discuss Newton’s Second Law of motion in the context of objects in equilibrium. Work examples of objects in one-dimensional translational equilibrium by a) constructing free-body diagrams representing all forces acting on the object, b) setting up the equilibrium force equations, and c) solving for the unknown forces. Work examples of problems in two-dimensional equilibrium by a) constructing freebody diagrams, b) setting up the x and y components of the equilibrium force equations, and c) solving for the unknown forces. Demonstrate the use of trigonometry and vector components in the solution of twodimensional equilibrium problems for objects on non-horizontal surfaces. Review Newton’s Second Law of motion for accelerating objects. Work example problems showing how to analyze the motion of objects subjected to non-zero net external forces in 1 and 2 dimensions. Discuss contact forces including friction and normal forces, and emphasize the relationship between them. Define the coefficients of static and kinetic friction, and perform calculations to illustrate the determination of friction force using these coefficients. Apply an understanding of kinetic and static friction to the solution of equilibrium problems, and perform classroom demonstrations of how to measure the coefficients of friction between various materials. Motlow State Community College Lynchburg, TN Page 4 of 12



PHYS 2110 OBJECTIVES (Continued) k. l. m. n. o.



p.



6.



a. b. c. d. e. f.



g. h.



7.



a. b. c. d. e. f.



Work example problems to calculate the acceleration of objects subjected to various external forces, both with and without friction. Describe Hooke’s Law and elastic forces; define the force constant of a spring. Review and discuss the fundamental forces in nature, comparing and contrasting these with common manifestations of forces. Define radial force and discuss how a radial force causes circular motion. Demonstrate by definition and example an understanding of the concepts of centripetal force and centripetal acceleration, and their relationship to the tangential velocity and period of an object moving in uniform circular motion. Apply your knowledge of centripetal force and acceleration to analyze motion in a horizontal circle and a vertical circle and solve problems similar to those in the text. Introduce the concept of energy and discuss the various forms of energy that exist in nature. Define and write mathematical formulas for work, and perform example calculations of work done by forces in various situations. Define kinetic energy, perform calculations of kinetic energy for moving particles, and introduce the common units of measure for energy. Discuss the relationship between the performance of work and the corresponding change in kinetic energy, and introduce the Work-Kinetic Energy Theorem. Define and demonstrate by example an understanding of the following units: joule, foot-pound, watt, horsepower, and foot-pound per second. Discuss the work done by a varying force, with specific emphasis on spring forces obeying Hooke’s Law. Show that the work done by a force in stretching a string is related to the spring stiffness and the amount of deflection of the spring. Determine the power of a system and understand its relationship to time, force, distance, and velocity. Apply the concepts of work, energy, and power to the solution of problems similar to those given as examples in the text. Introduce the idea of potential energy, and define the gravitational potential energy of a mass near the surface of the earth. Define the total mechanical energy of an object, and show that the total mechanical energy is conserved for an object moving in the earth’s gravitational field. Discuss and apply the principle of conservation of mechanical energy to example problems taken from the book. Define the spring potential energy, and show that total mechanical energy is conserved for a spring-mass system. Introduce and discuss the concepts of conservative and non-conservative forces, with emphasis on their effects in energy conservation. Introduce the concept of energy diagrams and illustrate their usefulness in determining the qualitative aspects of motion under the influence of conservative forces.
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PHYS 2110 OBJECTIVES (Continued) 8.



a. b. c. d. e. f. g. h. i. j. k. l. m.



9.



a. b. c. d. e. f. g. h.



10. a. b. c.



Define the momentum of an object, discuss the relationship of momentum and inertia, and introduce the units of measure for momentum. Emphasize the vector nature of momentum, by calculating the momentum of single masses in 1 and 2 dimensions. Redefine Newton’s Second Law of Motion in terms of the change in momentum resulting from the action of external forces on an object. Define the total momentum for a system of particles, and perform calculations illustrating the vector nature of momentum. Discuss the Principle of Conservation of Momentum and how it results from a condition of having no net external forces acting on an object. Apply the Momentum Conservation principle to example problems including recoil and one-dimensional collision problems. Describe the two major types of collisions, elastic and inelastic, giving real-world examples of each. Discuss the role of Conservation of Momentum and Energy in both elastic and inelastic collisions. Perform demonstrations of simple collisions using common objects. Define impulse and discuss its relationship to force and time. Present the Impulse-Momentum Theorem and discuss implications thereof. Define and illustrate using example problems the concept of Center of Mass of an object or system of objects. Analyze the motion of the Center of Mass of a system of masses. Define and apply the concepts of frequency, period, angular velocity, and angular acceleration. Relate the translational and rotational forms of position, velocity, and acceleration and demonstrate these relationships through example calculations. Discuss tangential and centripetal velocity and acceleration, and define the vector directions associated with these quantities. Analyze rotational motion with constant angular acceleration by illustration and by working example problems. Draw analogies relating angular motion parameters (2, Τ, and ∀) to linear motion parameters (s, v, and a ) and solve problems involving uniform angular acceleration. Define Kinetic Energy of rotation and Moment of Inertia. Perform examples of moment of inertia calculations and introduce the Parallel-Axis Theorem. Work example problems illustrating rotation about a moving axis. Illustrate by example and definition an understanding of the terms moment arm and torque. Emphasize the vector nature of torque and relate vector torque to positive and negative rotation. Calculate the resultant torque about any axis when given the magnitude and position of forces applied to an extended object. Motlow State Community College Lynchburg, TN Page 6 of 12



PHYS 2110 OBJECTIVES (Continued) d. e. f. g. h. 11. a. b. c. d.



e.



12. a. b. c.



d. e. f. g.



13. a. b. c.



Introduce the rotational analog of Newton’s Second Law of Motion and discuss the effect of torque on the rotation of an object. Work sample problems involving rotational dynamics. Discuss and solve simple problems involving the concepts of rotational work and power. Define angular momentum and discuss the Conservation of Angular Momentum for objects experiencing zero net torque. Discuss the vector nature of angular quantities. Introduce and discuss the Second Condition of Equilibrium, and review the First Condition of Equilibrium. Define and illustrate by example what is meant by the center of gravity. Solve for unknown forces or distances by applying the First and Second Conditions for equilibrium. Demonstrate by example and discussion an understanding of the following terms: (a) elasticity, (b) compression, (c) elastic limit, (d) stress, (e) strain, (f) shearing, (g) tension, (h) hardness, (i) malleability, (j) ductility, (k) ultimate strength. Write and apply formulas for calculating Young’s modulus, Bulk modulus and the shear modulus. Introduce Newton’s Law of Gravitation and work examples to illustrate how to determine the gravitational force between two objects. Discuss the differences between mass and weight, and how weight varies according to location or proximity to other objects. Generalize the equations for Gravitational Potential Energy for objects above the earth’s surface or at great distances from the earth, and illustrate by performing example calculations. Introduce and discuss satellite motion, and derive equations for orbital velocity and period of a satellite orbit. Work examples of satellite motion using Newton’s Law of Gravitation and Newton’s Second Law of Motion. Discuss Kepler’s Laws of planetary motion and calculate the relationships between the orbital period and orbital radius of a planet or satellite. Briefly discuss the relationship between mass, period and orbital radius for astronomical objects in our solar system; introduce the concept of a black hole; discuss the meaning of “weightlessness”. Introduce the topic of periodic motion and define the basic parameters associated with objects experiencing oscillating motion. Define a simple harmonic oscillator and examine the relationship between linear restoring forces and harmonic motion. Examine the role of energy in Simple Harmonic Motion and show how energy conservation can be used to determine velocity and displacement of a simple harmonic oscillator. Motlow State Community College Lynchburg, TN Page 7 of 12



PHYS 2110 OBJECTIVES (Continued) d. e. f.



14. a. b. c. d. e. f. g. h. i. j.



k. l. 15. a. b. c. d. e. f. g.



Investigate the motion of a simple pendulum and perform sample calculations showing the relationship of the length and the period of the pendulum. Discuss other examples of simple harmonic motion and illustrate problem-solving methods for determining frequency and period of such motion. Present a brief introduction to damped and forced oscillations, giving examples to illustrate these types of motion. Define density and specific gravity of a material. Compute the weight or mass density of a solid or contained fluid of regular shape when given its weight or mass. Define pressure at a point in a fluid, and discuss common units of measure. Discuss Pascal’s Law and the variation of pressure with height in a fluid. Show how pressure is used in mechanical systems such as hydraulic and pneumatic lifts and pistons. Write and apply formulas for calculating the mechanical advantage of a hydraulic press in terms of input and output forces or areas. Define absolute pressure, gauge pressure, and atmospheric pressure, and demonstrate by examples an understanding of the relationship between these terms. Discuss the concept of a buoyant force and introduce Archimedes Principle. Define and apply the concepts of fluid pressure and buoyant force to the solution of physical problems similar to the examples in the text. Discuss the motion of a fluid and make the distinction between an ideal fluid and a real fluid by defining laminar and turbulent flow, and compressible and incompressible fluids. Present the Continuity Equation for fluids, and apply this formula for predicting the rate of flow of a fluid in terms of its velocity and cross-sectional area. Introduce Bernoulli’s Equation and discuss its application to common flow problems. Discuss the different types of wave motion typically observed in nature, including mechanical waves and electromagnetic waves. Explore in more detail how mechanical waves work; in particular, look at the relationships between wave velocity, frequency and wavelength. Discuss the similarities and differences between transverse and longitudinal wave motion. Illustrate these waves through classroom demonstrations. Calculate the wave speeds for a wave on a string. Discuss the mathematical representations of mechanical waves, with emphasis on identifying the main characteristics of wave motion. Discuss the reflection of mechanical waves with fixed and non-fixed boundary conditions, and introduce the concept of the Principle of Superposition of waves. Discuss and illustrate by example, standing waves and normal modes of vibration for waves on a string.
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PHYS 2110 OBJECTIVES (Continued) 16. a. b. c. d. e. f. g. 17. a. b. c.



d. e. f. g. h. i.



Discuss sounds waves as a specific type of mechanical wave. Discuss sound and hearing, including frequency ranges of human hearing and sound intensity levels. Describe the processes that determine the speed of sound in various materials, and develop and demonstrate equations for calculating the speed of sound. Investigate how standing waves and the principle of superposition can be used to understand the interference of sound and other forms of mechanical waves. Illustrate the principles of superposition, interference, Doppler Effect and Beats using example calculations and demonstrations. Discuss the phenomena of resonance and its relationship to sound and musical instruments. Describe the origins of Shock Waves and the causes of “sonic booms”. Define the concepts of temperature and thermal equilibrium. Define the Fahrenheit, Celsius, Rankine and Kelvin temperature scales and present the formulae for converting from one scale to another. Discuss the differences between absolute and relative temperature scales, and the relationship between absolute temperature and the average molecular kinetic energy of a material. Discuss and work examples of thermal expansion. Define heat and the quantitative measure of heat. Define the specific heat capacity of a material as it relates to the amount of heat required to raise the temperature of an object. Review phase changes in materials and introduce the concepts of latent heat of fusion and latent heat of vaporization. Perform calculations of the amount of heat required to raise the temperatures of various materials by various amounts. Discuss the primary modes of heat transfer, and present everyday examples of the application of heat transfer.
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PHYS 2110 – Calculus Based Physics I SUGGESTED EVALUATION PLAN



TASK



WEIGHT



OBJECTIVES



Test 1



100 points



1-3



Test 2



100 points



4-5



Test 3



100 points



6-8



Test 4



100 points



9-11



Test 5



100 points



12-13, 14 (optional)



Test 6 (Final Exam)



100 points



15-16, 17 (optional)



Quizzes



100 points



1-17



Lab Reports



100 points



1-17



Assigned Homework Problems



100 points



1-17



FINAL GRADING PLAN Based upon Percentages



A= 90-100 B= 80-89 C= 70-79 D= 60-69 F= 0-59



Additional Comments:
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INSTRUCTIONAL SCHEDULE For PHYS 2110 - CALCULUS BASED PHYSICS I



I.



Objective Week Numbers 1a-1o



Content to be Covered



II.



2a-i



Chapter 2 Motion in a Straight Line LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



III.



3a-i



Chapter 3 Motion in a Plane LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



IV.



4a-l



Chapter 4 Newton’s Laws of Motion LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



V.



5a-p



Chapter 5 Applying Newton’s Laws LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



VI.



6a-h



Chapter 6 Work and Kinetic Energy LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



VII.



7a-f



Chapter 7 Potential Energy MID-TERM EXAM LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



VIII.



8a-m



Chapter 8 Momentum and Impulse LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbooks



IX.



9a-h



Chapter 9 Rotational Motion LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



Chapter 1 Units, Physical Quantities, and Vectors. LAB AS ASSIGNED BY INSTRUCTOR
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Student Assignments/Supplementary Material(s) Selected problems in textbook



INSTRUCTIONAL SCHEDULE For PHYS 2110 - CALCULUS BASED PHYSICS I Objective Week Numbers



Content to be Covered



Student Assignments/Supplementary Material(s) Selected problems in textbook



X.



10a-h



Chapter 10 Rotational Dynamics LAB AS ASSIGNED BY INSTRUCTOR



XI.



11a-e



Chapter 11 Equilibrium and Elasticity LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



XI.



12a-g



Chapter 12 Gravitation LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



XII.



13a-f



Chapter 13 Periodic Motion LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



XII.



14a-l



Chapter 14 Fluids at Rest LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



XIII.



15a-g



Chapter 15 Mechanical Waves LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



XIV.



16a-g



Chapter 16 Sound and Hearing LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



XIV.



17a-i



Chapter 17 Temperature and Heat LAB AS ASSIGNED BY INSTRUCTOR



Selected problems in textbook



XIV.



Review of course and preparation for final exam



XV.



FINAL EXAM Motlow State Community College Lynchburg, TN Page 12 of 12
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