
Models of Motion – Fall, 2014-15 
    
Lab 10: Graph-itti 
 
Goals: Use Desmos to visualize the concepts covered in Strang 3.1 – 3.4. 
 
Lab Notebook: Update your Table of Contents. General Lab Notes guidelines apply. 
 
Part 0: Lab Notebook Check Announcement 
You will submit your Lab Notebook for a spot check on Monday November 10. Turn in your Lab Notebook by 5 pm 
Mon. Nov. 10 outside the door to Krishna’s office Lab 2 room 3255. Notebooks will be checked for evidence of 
engagement, evidence of learning, and attention to completion. It’s not a good use of your time to spend a lot of time 
catching up on old labs – the intent of the labs and the attendant learning occurs if you are working on the labs in 
conjunction with your work in the other parts of the program. 
 
Part 1: Linear Approximations 
1) For each of the following, use these as practice for finding derivatives using your various rules and also to 
practice finding linear approximations. i) Find the linear approximation to 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) near 𝑥𝑥 = 𝑎𝑎; ii) use Desmos to 
plot both 𝑓𝑓(𝑥𝑥)  and its linear approximation; iii) zoom in to near 𝑥𝑥 = 𝑎𝑎 to show how well the linear approximation 
matches the function; and iv) identify where the linear approximation diverges from the function by approximately 5% 
to get a sense of what 𝑥𝑥’s are “near enough” to 𝑎𝑎 for this level of matching. 
a) 𝑓𝑓(𝑥𝑥) = 1

𝑥𝑥
, 𝑎𝑎 = 2  

b) 𝑓𝑓(𝑥𝑥) = 𝑥𝑥 sin 𝑥𝑥, 𝑎𝑎 = 2𝜋𝜋 
2) An important linear approximation is (1 + 𝑥𝑥)𝑛𝑛 ≈ 1 + 𝑛𝑛𝑥𝑥 for 𝑥𝑥 near 0. Show the steps to verify this linear 
approximation. Use Desmos to plot both the function and its linear approximation (use a slider for n) and zoom in to 
near 0 to show how well the linear approximation matches the function for different n. Set n = ½ and identify how far 
from 0 that 𝑥𝑥 can be to still get 10% matching. 
3) Repeat the previous for  1/(1 + 𝑥𝑥)𝑛𝑛 ≈ 1 − 𝑛𝑛𝑥𝑥  for 𝑥𝑥 near 0, also for 10% matching. 
4) Repeat the previous for  sin 𝑥𝑥 ≈ 𝑥𝑥  for 𝑥𝑥 near 0, for 1% matching. 
 
Part 2: Graphs of functions and first derivatives 
i) For each of the following, practice finding derivatives and use your algebra to find any stationary points, 
rough points, and endpoints. ii) Then, identify if any of those points are local or global maxima or minima. iii) Then, 
graph the function over the domain (use Desmos Knowledge Base to review restricting domains if you don’t know 
how) to verify your results. iv) Then, also graph the first derivative of the function either by entering in the derivative 
you determined previously or using g(x) = d/dx f(x) in Desmos. Do you notice a connection between stationary points 
on the graph of f(x) and the corresponding points on the derivative of f(x)? 
a) 𝑓𝑓(𝑥𝑥) = 𝑥𝑥2 + 3,−1 ≤ 𝑥𝑥 ≤ 4 
b) 𝑓𝑓(𝑥𝑥) = 𝑥𝑥 + sin 𝑥𝑥 , 0 ≤ 𝑥𝑥 ≤ 2𝜋𝜋 
c) 𝑓𝑓(𝑥𝑥) = 𝑥𝑥3(1 − 𝑥𝑥)6, all real x 
d) 𝑓𝑓(𝑥𝑥) = 𝑥𝑥(1 − 𝑥𝑥2)1/2, 0 ≤ 𝑥𝑥 ≤ 1 
 
Part 3: Graphs of functions, first derivatives, and second derivatives. 
For each of the following, plot f(x), g(x) = d/dx f(x) and h(x) = d/dx g(x), in other words, plot the function, its first 
derivative, and its second derivative. Adjust your plot window horizontally to fill the graph (use the Wrench). Also 
include vertical lines that correspond to the zero crossings on the first derivative graph. For f(x), identify stationary 
points, which are maxima, minima, or inflection points, and where the graph is concave up or down. What do those 
correspond to (in other words what do you look for) in the first derivative graph and the second derivative graph? 
a) f(x) = x^3 – 6x^2 
b) f(x) = x^4 – 6x^3 
c) f(x) = x + x^2 – x^3 
d) f(x) = (x – 2)^2 (x – 4)^2  
e) f(x) = sin x – cos x 
f) f(x) = (sin x)^2 – cos x 
g) invent your own FUNction 
 

 


