
Models of Motion – Fall, 2014-15 
    
Lab 7: Seeking Secants, Towards Tangents 
 
Goals: Gain more familiarity with Desmos, practice with the 2 point version for the equation of a line, use Desmos to 
draw secant lines for arbitrary functions, see how the tangent line is the limit of the secant line 
 
Groups: You should work at your own computer and complete the exercises on your own. Consultation with 
neighbors is allowed and encouraged though your individual learning is important.   
 
Part 0. Lab Notebook 
o Standard Lab Notebook guidelines (see previous lab handouts) 
o Update Table of Contents 
o Use your judgment about what graphs and notes to include. Required graphs and responses indicated by a *. 
 
Part 1. Seeking Secants 
1. Launch Desmos. Enter f(x) = x^2. 
2. Make a movable point by entering the ordered pair (a, b). Turn on the requested sliders. You can either use the 

sliders to move the point, or equally fun, actually move the point directly using the mouse.  
3. Note that this point is not connected to the graph of f(x) = x^2 in any way. In order to have the movable point be 

on the graph of f(x), change the ordered pair (a, b) to the ordered pair (a, f(a)). Get rid of the b slider since it’s just 
clutter at this point. Now move the point around and verify that it falls on and follows the graph of f(x). 

4. Make a second movable point (a+h, f(a+h). Turn on the slider requested for h. You should now have two points 
that lie on the graph of f(x), which you can move around independently. 

5. The default values for a (look on either side of the a slider) are probably sufficient though you might find you want 
to extend the values. For later parts, you will find it convenient to change the default values for h. Set the lowest 
value for h be 0.001 and the upper bound to be 5 (feel free to change this upper bound as needed).  

6. You may also find it convenient later on to have the output for any input a shown. Enter f(a), which should do this. 
7. *Your goal is to get a line that connects the two points (a, f(a)) and (a+h, f(a+h)). For the two points (a, f(a)) and 

(a+h, f(a+h)), write down a formula for the slope m in terms of any of a, h, a+h, f(a), f(a+h), etc. Explain your 
reasoning as needed. If you’re stuck, peek ahead to the next step. 

8. *Enter m = (f(a+h) - f(a))/h into Desmos. If you got an expression for m on your own in the previous step, explain 
how this form is consistent with your form as needed. If you were not able to get an expression for m on your own, 
take the time to write down a clear explanation for why this expression gives you the slope.  

9. You now have two points (a, f(a)) and (a+h, f(a+h)) as well as an expression for the slope m. Determine an 
equation for the line passing through these two points. Enter this expression into Desmos. If you have done this 
correctly, you will have a line that goes through the two points, and you should be able to adjust this line by 
moving the points around. If this works, great. If you can’t get it, that’s ok – check with Krishna or Andy or a 
neighbor. 

10. *You should now have a line through two points on a graph of f(x). This is called a secant line. Summarize your 
work and any learning that occurred for you in completing this part. 

 
Part 2. Towards Tangents 
1. Recall from your previous work in calculus that the tangent line is the limit of the secant line as h approaches 0, 

which means the two points on the secant line are getting closer and closer. Use the slider or move the 
appropriate point to bring the two points closer and closer and see what happens. 

2. Using your calculus, determine the derivative at x = 2 (still using f(x) = x^2). Set a = 2 and h very small and see if 
the slope of this secant line for small h is consistent with your calculus result. You can generalize this for any 
function f(x) just by changing the definition for f(x) in your first line. So instead of f(x) = x^2, you could have f(x) = 
x^3 - 2x^2 + 3. Set the points far apart, change the function, and see what happens as you bring the points closer 
together. 

3. Try again for sin(x), 2^x, and other interesting functions. 
4. Save your Demos graph with a useful name (you’ll need a Desmos account to save), and launch a New Blank 

Graph. 
 
 
 
 
 

 



 
Part 3. Tangent Lines 
1. We know from calculus that the derivative of a function gives the slope of the tangent line at a particular point. 

Desmos can calculate derivatives for common functions, and so you can do better than the limit of the secant line 
as the points get closer together as an approximation to get the tangent line. 

2. Input f(x) = x^2. 
3. Input g(x) = d/dx f(x); note you might have to use arrow keys to get out of the dx portion of the expression. This is 

the slope of your tangent line. You might want to hide this graph (don’t delete the expression). 
4. As before, make a movable point (a, f(a)). 
5. *Enter an expression for the tangent line passing through the point (a, f(a)). 
6. Play around with different f(x) and see what you can see. Make sure you try out sin(x) and 2^x. 
 
Part 4. Extensions and Applications 
1. Make a Desmos graph that shows a function f(x), a movable point on the graph of the function, the tangent line to 

the curve at that point, and the normal line to the curve at that point. 
2. (based on Strang 2.3#15). Make graphs of y = 4x, f(x) = x^2 + c  with c a slider, and the tangent to f(x) at some 

movable point (a, f(a)). Adjust c and the movable point so that 4x is tangent to f(x). Verify that this matches your 
analytical approach. 

3. (based on Strang 2.3#16). Make graphs of y = 5x – 7, f(x) = x^2 + cx with c a slider, and the tangent to f(x) at 
some movable point (a, f(a)). Adjust c and the movable point so that 5x – 7 is tangent to f(x). Verify that this 
matches an analytical approach. 

4. (based on Strang 2.3#17). Make a graph of f(x) = x^3 + 4x^2 – 3x + 1 and the tangent to f(x) at some movable 
point (a, f(a)). Find all the points where the tangent is horizontal. Verify with an analytical approach. 

5. (based on Strang 2.3#38). Graph f(x) = 1/x and the tangent to f(x) at x = 1. At some arbitrary distance h from        
x = 1, how far above the tangent line is f(x)?  

  
 


