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Consider the parametric curve frdixercise 6, Section 2,1of Multivariable Calculus
by James Hurleyx = x(t) =t sinti + 3tj +t costk, fort=0. To find the tangent line
at the point corresponding to given valud,afuch ag = n/2, the first step is to differen-
tiate the functiorx. Mathematicacan do that, but in this case the formula is certainly
simple enough for hand differentiation:

X'(t) = (sint+tcost)i+3j + (cost—tsin)k O x(5)=i+3j-Fk.

Sincex(n/2) = (r/2, 3r/2, 0), the tangent line to the curve at the p&t'2, 37/2, 0) has
vector equation

X=xX{t)=(%, 3, 00+t(1,3, %) O x=Z+ty=3+3,z=-2t

The following Mathematicaroutine plots the curve in blue and its tangent line at the
point (1/2, 3t/2, 0) in red inside a coordinate box. (The term (-1, 2) inldsd com-

mand prints the labd? one unit to the right and two units below its actual position, so
as not to overwrite the dot that mafksAs usual, to generate the plot, move the cursor
to the end of the last blue line of code and press the Enter key, or press the Shift and
Return keys together.
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ima;=  Curve = ParametricPlot3D [{{t *=Sin[t],3 =t,t =*»Cos[t],
RGBColor [0, 0, 1 71},
{Pi /2 +t,
3xPi /2 + 3*t, -Pi %t /2,
RGBColor [1, 0, 0 1} }, {t 0, Pi 1},
AxesLabel -> {x, vy, z } 1;

Basepoint = Graphics3D [{ RGBColor [1,0,1 1],
{PointSize [0.025 1,
Point [{Pi /72,3 «Pi /72,0 3}1} }]

Legend = Graphics3D [ {RGBColor [1,0,0 1,
Text ["P", {Pi /2, 3 xPi /2, 03}, {-1, 21}1}]

Show [Curve, Basepoint, Legend ]

As a second example, consider the curvé&xercise 3, Section 2,1of Multivariable
Calculus:

x=x({) = (t-1)i+ 2 +1)j + (2 -1k

The question asks for the tangent line at the poisatcorresponds tdo= 2, and also for
the speed therdhe formula givex(2) = (1, 5, 7) as the point of tangency. Again,
althoughMathematicacan easily differentiate the vector functimnhand differentiation
Is likely quicker:
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X(t)=i+2j+3t2k =i+4j+12k atthe poinP(1, 5, 7).

From this, the speed ix'[R)|| =V1 + 16 + 144 = v/161.The tangent line to the curve
at the pointP has vector equation

X=Xo+t(1,4,12)= (1,5 7)+ (t, 4 12)= (1+t,5+4,7+12).

The following routine graphs the curve and the tangent lineP.at
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In[37]:= Curve = ParametricPlot3D [ {t -1,t"2 + 1,t*3 -1, RGBColor [0,0, 1 13},
{0, 225 } ]
Tanln = ParametricPlot3D [{1+t 5 + 4%t 7 + 12t RGBColor [1,0,0 1},
{t, -.15, .15 3}1]

Basepoint = Graphics3D [{ RGBColor [1,0,1 7,
{PointSize [0.05 ], Point [{1,5,7 }1} }]

Legend = Graphics3D [ {RGBColor [1,0,0 1,
Text ["P", {1,5,7 }, {-2, 01}]}]
Show[Curve, Tanln, Basepoint, Legend, AxeslLabel -> {X, ¥,z }]
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