
Models of Motion – Fall, 2014-15 
    
Lab 15: Calculus and Physics 
 
Source: Problems and figures taken from Stewart, Calculus: Concepts & Contexts, 4th Edition. 
 
Goals: Work on a variety of problems that apply calculus (specifically differentiation and related concepts) to physics 
contexts.  
 
Groups & Lab Notebook: You can work by yourself (as usual for Math Lab) but are encouraged to work in small (3 
or less) groups. Lab Notebooks available for pick-up outside Krishna’s office. Update your Table of Contents. Your 
Notebook Entry for today’s activity should include brainstorming, rough work, and polished solutions for problems you 
chose to work on. Make sure to include any graphs you produce using Desmos. 
 
Getting Started: Quickly read over the problems below. Choose several problems which seem the most interesting to 
you/your group, and work through as many as you can in the time available. Some of these problems are quite hard 
and it is not surprising if you cannot complete such a problem in the time available. If working in groups, work standing 
up at whiteboards (there are many around; ask at the info desk if you need markers). 
 
1) (Stewart p. 329 #19) In an automobile race along a straight road, car A passed car B twice. Prove that at some 
point during the race their accelerations were equal. Note: for car A to pass car B, it must be behind car B and then 
sometime later must be in front of car B; here this happens twice. 
 
2) (Stewart p. 325 #38) A waterskier skis over the ramp shown in the figure at 
a speed of 30 ft/s (note: 30 ft/s can be understood as her speed going up the 
ramp or the x-component of her velocity). How fast is she rising as she leaves 
the ramp in both interpretations?  
 
 
 
3) (Stewart p. 325 #44) An observer stands at point P, one unit away from a track. Two 
runners start at the point S in the figure and run along the track. One runner runs three 
times as fast as the other. Find the maximum value of the observer’s angle of sight θ 
between the runners. 
 
 
 
4) (Stewart p. 329 #21) One of the problems posed by the Marquis de l’Hospital in his 
calculus textbook Analyses des Infiniment Petits concerns a pulley that is attached to the 
ceiling of a room at a point C by a rope of length r. At another point B on the ceiling, at a 
distance d from C (where d > r), a rope of length L is attached and passed through the 
pulley at F and connected to a weight W. The weight is released and comes to rest at its 
equilibrium position D. As l’Hospital argued, this happens when the distance |ED| is 
maximized. Show that when the system reaches equilibrium, the value of x is 
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Notice that this expression is independent of both W and L. 
 
 
5) (Stewart p. 252 #7) The figure shows a rotating wheel with radius 40 cm and a 
connecting rod AP with length 1.2 m. The pin P located at (x, 0) slides back and 
forth along the x-axis as the wheel rotates counterclockwise at a rate of 360 
revolution per minute. 
a) Find the angular velocity of the connecting rod, dα/dt, in radians per second, 
when θ = π/3. 
b) Express the distance x = |OP| in terms of θ. 
c) Find an expression for the velocity of the pin P in terms of θ. 
d) Create an animation of this in Desmos. 

 



 
 
6) (Stewart p. 326 #64) If a projectile is fired with an initial velocity v at an angle of inclination θ  (where 0 ≤ 𝜃𝜃 ≤ 𝜋𝜋/2) 
from the horizontal, then its trajectory, neglecting air resistance, is the parabola 
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a) Suppose the ground is flat. Show that the maximum distance the projectile reaches along the ground (the range of 
the projectile) is given by  
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and show that the maximum range occurs when θ = π/4.  
 
b) Suppose the projectile is fired from the base of a plane that is inclined at an 
angle α (α > 0) from the horizontal, as shown in the figure. Show that the range of 
the projectile, measured up the slope, is given by  
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c) Determine θ  so that R is a maximum. 
 
 
d) Suppose the plane is at an angle α  below the horizontal. Determine the range R in this case, and determine the 
angle at which the projectile should be fired to maximize R. 
 
 
 
 
7) (Stewart p. 254 #18) Let the point P located at (x1, y1) be a point on the parabola 
𝑦𝑦2 = 4𝑝𝑝𝑥𝑥 with focus at the point F located at (p, 0). The tangent to the parabola at 
the point P is shown on the figure. Let α be the angle between the parabola 
(actually the tangent to the parabola at point P) and the line segment FP, and let β 
between the horizontal line y = y1 and the parabola (again, actually the tangent to 
the parabola at point P) as in the figure. Prove that α = β and discuss how this 
proves the focus property of parabolas (that light from a source placed at F will be 
reflected along a line parallel to the x-axis or that light coming in parallel to the x-
axis will focus at F).  


