Chapter 4 MOTION IN TWO AND THREE DIMENSIONS

BASIC TOPICS

I. Definitions.

A. Draw a curved particle path. Show the position vector for several times and the displacement vector for several intervals. Define average velocity over an interval. Write the definition in both vector and component form.

B. Define velocity as dr/dt. Write the definition in both vector and component form. Note that the velocity vector is tangent to the path. Define speed of the magnitude of the

velocity.

C. Acceleration is defined as dv/dt. Write the definition in both vector and component form.  Note that a is not zero if either the magnitude or direction of v changes with time.

D. Observe that the particle is speeding up only if a·v is positive. a·v is negative, the particle is slowing down, and if a · v = 0, its speed is not changing.

E. Observe that sometimes the magnitude and direction of the acceleration are given, rather than its components. Remind yourself that how to find the components if such is the case.

F. Go over Sample Problem 4–4. It shows how to find and use the components of the acceleration.

II. Projectile motion.

A. Demonstrate projectile motion by using a spring gun to fire a ball onto a surface at the

firing height. Use various firing angles, including 45◦, and note that the maximum

range occurs for a firing angle of 45 degrees. Remark on the symmetry of the range as a function of firing angle. Observe that the maximum range occurs for a different angle when the ball is fired onto a surface at a different height and when drag is significant.

B. Draw the trajectory of a projectile, show the direction of the initial velocity, and derive its components in terms of the initial speed and firing angle.

C. Write down the kinematic equations for x(t), y(t), vx(t), and vy(t). At first, include both

ax and ay but then specialize to ax = 0 and ay = −g for positive y up. Stress that these

form two sets of one dimensional equations, linked by the common variable t and are to be solved simultaneously. Note that ax affects only vx, not vy or vz. Make similar statements about the other components. Throw a ball vertically, then catch it. Repeat while walking with constant velocity across the room. Ask students to observe the motion of the ball relative to the chalkboard and to describe its motion relative to your hand.

D. Observe that the acceleration is the same at all points of the trajectory, even the highest point. Also point out that the horizontal component of the velocity is constant.

E. Work examples. Use punted footballs, hit baseballs, or thrown basketballs according to season.

1. Find the time for the projectile to reach its highest point, then find the coordinates of

the highest point.

2. Find the time for the projectile to hit the ground, at the same level as the firing point.

Then, find the horizontal range and the velocity components just before landing.

3. Show that maximum range over level ground is achieved when the firing angle is 45◦.

4. Show how to work problems for which the landing point is not at the same level as the

firing point.

F. Note that all projectiles follow some piece of the full parabolic trajectory. For example, A to D could be the trajectory of a ball thrown at an upward angle from a roof to the street; B to D could be the trajectory of a ball thrown horizontally; C to D could

be the trajectory of a ball thrown downward.

G. Explain how to find the speed and direction of travel for any time. Specialize to the time of impact on level ground and show that the speed is the same as the firing speed but that the vertical component of the velocity has changed sign. Remark that this result is true only because air resistance has been neglected.
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H. Work some sample problems. Consider Sample Problems 4–6, 4–7, and 4–8 or others of your own devising.
III. Circular motion.
A. Draw the path and describe uniform circular motion, emphasizing that the speed remains constant. Remind students that the acceleration must be perpendicular to the velocity. By drawing the velocity vector at two times, argue that the acceleration vector must be directed inward. On the diagram show the velocity and acceleration vectors for several positions of the particle.

B. Derive a = v2/r. As an alternative to the derivation given in the text, write the equations

for the particle coordinates as functions of time, then differentiate twice.

C. Example: calculate the speed of an Earth satellite, given the orbit radius and the acceleration to due to gravity at the orbit. Emphasize that the acceleration is toward Earth.

IV. Relative motion.

A. Material in this section is used in Chapter 5 to discuss inertial frames and in Chapter 11 to discuss rolling without slipping. It is also useful as a prelude to relativity.

B. Relate the position of a particle P as given in coordinate system A, rPA to the position as given in coordinate system B,  rPB by rPA = rPB + rBA, where rBA is the position of the origin of B relative to the origin of A. Differentiate to show that vPA = vPB+vBA and aPA = aPB+ aBA, where vBA and aBA are the velocity and acceleration, respectively, of B relative to A.

C. Discuss examples of a ball thrown or rolled in accelerating and non-accelerating trains. The discussion may be carried out for either one- or two-dimensional motion.

D. Remark that aPB = aPA if the two coordinate systems are not accelerating with respect

to each other. This is an important point for the discussion of inertial reference frames in

Chapter 5.

E. Work several problems dealing with airplanes flying in the wind and boats sailing in moving water. Emphasize that relative motion problems are chiefly exercises in vector addition. To help students understand some of the problems explain that a boat’s “heading” is its direction of motion in a frame attached to the water, while its direction of travel is its direction of motion in a frame attached to the ground.

Assignments

a. problems 1, 6, 7, 11, 16, and 18  involve analysis of motion in two dimensions.

b. work several of the projectile motion problems (21 through 55). Some of these deal with sports. See, for example, problems 22, 32, 34, 40, 42, 47, 51, and 53.

c. solve problems 57, 61, 63, and 65 in connection with uniform circular

motion.

d. Good examples dealing with relative motion are 70, 71, 72, 74, and 82.
