Week 2 – Lecture outline
Chapter 2  MOTION ALONG A STRAIGHT LINE

I. Position and displacement.

A. Move a toy cart with constant velocity along a table top. Select an origin, place a meter stick and clock on the table, and demonstrate how x(t) is measured in principle. Observe that x is always measured from the origin; it is not the cart’s displacement during any time interval.

B. Draw a graph of x(t) and note that it is a straight line. Show what the graph looks

like if the cart is not moving. Notice that the line has a greater slope if the cart is going

faster. Move the cart so its speed increases with time and show what the curve x(t) looks

like. Do with same for a cart that is slowing down.

C. Some students think of a coordinate as distance. Distinguish between these concepts. Observe that a coordinate defines a position on an axis and can be positive or negative. Demonstrate a negative velocity, both with the cart and on a graph. As another example, throw a ball into the air, pick a coordinate axis (positive in the upward direction, say), and point out when the velocity is positive and when it is negative. Draw the graph of the coordinate as a function of time. Repeat with the positive direction upward.

D. Define the displacement of an object during a time interval. Notice that only the initial and final coordinates enter and that an object may have many different motions between these while still having the same displacement. Observe that the displacement is zero if the initial and final coordinates are the same.

II. Velocity.

A. Define average velocity over an interval. Stress the meaning of the sign. Go over Sample Problem 2–1. Draw a graph of x versus t for an object that is accelerating. Pick an interval and draw the line between the end points on the graph. Observe that the average velocity in the interval is the slope of the line. Figs. 2–3 and 2–4 may also be used. Learn how to calculate average velocity if the function x(t) is given in algebraic form.

B. Define instantaneous velocity. Understand the limiting process. Use a graph of x versus t for an accelerating cart to demonstrate that the line used to find the average velocity becomes tangent to the curve in the limit as Δt vanishes. Remark that the slope of the tangent line gives the instantaneous velocity. Show a plot of v versus t that corresponds to the x versus t graph used previously. Learn how to calculate the instantaneous velocity if the function x(t) is given in algebraic form. See Sample Problem 2–3. Stress that a value of the instantaneous velocity is associated with each instant of time. Some students think of velocity as being associated with a time interval rather than an instant of time.
C. Define instantaneous speed as the magnitude of the velocity. Compare to the average speed in an interval, which is the total path length divided by the time. Note that the average speed is not the same as the magnitude of the average velocity if the direction of motion changes in the interval.

D. Note that many calculus texts use a prime to denote a derivative. They also define the

derivative of x with respect to time by the limit of [x(t + Δt) − x(t)]/Δt rather than by

the limit of Δx/Δt. Mention the different notations in class so students can relate their physics and calculus texts.

III. Acceleration.
A. Define average and instantaneous acceleration. On the v versus t graph distinguish the lines used to find the average acceleration in an interval and the instantaneous acceleration at a given time. Show how to calculate the average and instantaneous acceleration if either x(t) or v(t) is given in algebraic form. See Sample Problem 2–4.

B. Interpret the sign of the acceleration. Note the examples of objects with acceleration in the same direction as the velocity (speeding up) and in the opposite direction (slowing down). Be sure to include both directions of velocity. 

C. Use graphs of x(t) and v(t) to point out that an object may simultaneously have zero

velocity and non-zero acceleration. Observe that if the direction of motion reverses the

object must have zero velocity at some instant. Give the position as a function of time as

x(t) = At2, for example, and show that the velocity is 0 at t = 0 but the acceleration is

not 0. Illustrate the function with a graph.

IV. Motion in one dimension with constant acceleration.
A. Derive the kinematic equations for x(t) and v(t). If students know about integration, use methods of the integral calculus (as in Section 2–8). If you use the integral calculus you might cover the graphical interpretation of an integral. See Section 2–10. In any event, show that v(t) is the derivative of x(t) and that a is the derivative of v(t).

B. Discuss kinematics problems in terms of a set of simultaneous equations to be solved. Examples: use equations for x(t) and v(t) to algebraically eliminate the time and to algebraically eliminate the acceleration. See Sample Problem 2–5.

C. To help yourself see the influence of the initial conditions, sketch graphs of v(t) and x(t) for various initial conditions but the same acceleration. Include both positive and negative initial velocities. Draw a different set of graphs for positive and negative acceleration. Find  out where the particle has zero velocity and when it returns to its initial position.

V. Free fall.

A. Give the value for g in SI units. Note that the free-fall acceleration is essentially due to gravity and that it is directed toward the center of Earth. Locally Earth’s surface is essentially flat and the free-fall acceleration may be taken to be in the same direction at slightly different points. Note that a = +g if down is taken to be the positive direction and a = −g if up is the positive direction. Do examples using both choices. Throw a ball into the air and emphasize that its acceleration is g throughout its motion, even at the top of its trajectory.

B. Notice  free falling objects show parabolic behavior with time,  namely distance of drop is proportional to t2 with constant acceleration due to gravity, g and provided initial velocity is zero. 
C. All objects at the same place have the same free-fall acceleration. In reality, different objects may have different accelerations because air influences their motions differently. This can be demonstrated by placing a coin and a wad of cotton in a glass cylinder about 1m long. Turn the cylinder over and note that the coin reaches the bottom first. Now use a vacuum pump to partially evacuate the cylinder and repeat the experiment. Repeat again with as much air as possible pumped out.

D. Notice that free-fall problems are special cases of constant acceleration kinematics and the methods described earlier can be used. For an object thrown into the air, calculate the time to reach the highest point, the height of the highest point, the time to return to the initial height, and its velocity when it returns, all in terms of the initial velocity.

Problem Set #2  (Chapter 2 problems Posted on webassign) 

a. To make more use of the calculus please work out problems 5, 15, and 17. Problem 17 can also be used to discuss differences between average and instantaneous velocity.

b. To emphasize the interpretation of graphs problems 5, 6, and 22 are being assigned. Some of these require students to draw graphs after performing calculations.

c. Problems 23,, 26, 29, 33, 34, 37, and 39 deal with constant acceleration. For a little more challenge, consider problem 43.

d. Problems 46, 48, 51, and 55 are good problems to test understanding of free-fall motion. Problem 39 is more challenging.
