
MATH 131, Setions 02 and 04, Fall 2005Calulus Lab #3Hyperboli FuntionsDUE DATE: Monday, November 7th, Start of lassThe goal for this projet is to introdue hyperboli funtions using analyti and graphial teh-niques. Spei�ally, we will explore the similarities and di�erenes between the hyperboli funtionsand their trigonometri ounterparts. Most of the problems an be done using penil and paper,although you an use Maple or a alulator for some of the omputations.It is required that you work in a group of two or three people. Any help you reeive froma soure other than your lab partner(s) should be aknowledged in your report. For example, atextbook, web site, another student, et. should all be appropriately referened. Please turn in onereport per group, listing the names of the groups members at the top of your report.Your lab should onsist of oherent and suÆiently detailed answers to the questions below. Besure to answer all questions arefully and neatly, writing in omplete sentenes. As always, SHOWYOUR WORK. You do NOT need to type up your answers for this lab.Hyperboli FuntionsThere are two funtions involving ex and e�x that are used so frequently in appliations ofCalulus that they are given their own names. For example, these funtions appear frequently ina subjet alled Partial Di�erential Equations, where phenomenon involving waves and di�usion ofheat are studied. These funtions are the hyperboli osine funtion osh x and the hyperbolisine funtion sinh x de�ned byosh x = ex + e�x2 and sinh x = ex � e�x2 :Note that the only di�erene between osh x and sinh x is the negative sign in the numerators.However, this is a big di�erene!Figure 1 shows the graphs of osh x and sinh x. The names of these funtions suggest a om-parison with their trigonometri ounterparts os x and sinx. For example, osh x and os x areboth even funtions and osh 0 = os 0 = 1. Similarly, sinh x and sinx are both odd funtions andsinh 0 = sin 0 = 0.Problems1. Verify that f(x) = osh x is an even funtion by showing that f(�x) = f(x) (the de�nitionof an even funtion.)2. Verify that g(x) = sinhx is an odd funtion by showing that g(�x) = �g(x) (the de�nitionof an odd funtion.)3. Reall that os2 x + sin2 x = 1 for any angle x. Is the orresponding formula for osh x andsinhx true? In other words, what is osh2 x + sinh2 x?1
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Figure 1: The graphs of osh x (left) and sinh x (right).4. Verify that osh2 x� sinh2 x = 1:This reveals where the adjetive \hyperboli" omes from. If we let x = osh t and y = sinh twith t a parameter, then x and y trae out the hyperbola x2 � y2 = 1 in the xy-plane. Wewill disuss parameterized urves in more detail in Setion 4.8.5. Compute and simplify the derivatives of osh x and sinh x. How do these relate to the deriva-tives of os x and sinx? Explain. What is the 2005th derivative of osh x?We an de�ne other hyperboli funtions exatly as we do in trigonometry. For example,tanh x and seh x, hyperboli tangent and seant, respetively, are de�ned astanh x = sinh xosh x and seh x = 1osh x:Our next goal is to ompare the properties of tanh x with its trigonometri ounterpart tanx.6. a) Compute tanh 0.b) Compute and simplify the derivative of tanh x.) On what intervals is tanh x inreasing? On what intervals is tanh x dereasing?d) Compute and simplify the seond derivative of tanh x.e) On what intervals is tanhx onave up? On what intervals is tanh x onave down?f) Compute the limits limx!1 tanh x and limx!�1 tanh x:g) Using all of the information obtained above, draw the graph of tanhx. You may use Mapleto hek your result, but you should be able to draw the graph without resorting to aomputer (or alulator). In what ways is the tanhx funtion similar to and di�erentfrom tanx? Explain. 2


