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1. Getting started

Open anew Mathematica notebook by selecting File - New - Notebook. Y ou will see asmall white tab with a+ sign
at the top left. Click below and type a command, e.g., the first plot below, then press shift-enter to execute the
command. Y ou will seeIn[1]:= appear before your first line of input and Out[1] := before your first output. Click
below your output to enter another command. To enter some text, select Format - Style - Text or Alt - 7. To enter
Mathematica commands again, click below the text and select Format - Style - Input or Alt-9. To deleteacell or
cells, click on the vertical cell markers on the right of the screen and press delete.

2. Basic plotting
2.1. Plotthegraphof sin(x) fromx=0tox =2nx.

Notice that Plot, Sin, and Pi must all be capitalized. Pay attention to the types of bracketsused: [ ] vs{ }.
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Pl ot [Sin[x], {X, 0, 2%Pi}]
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2.2. Plot the graphs of the exponential function, the natural logarithm function, and the equation y=x on the same
axesfromx = -3to x=3.

Note: In Mathematica, the natural logarithm functionisLog. We use{ } brackets for the list of expressions to be
graphed.

Pl ot [{Exp[x], Log[x], X}, {X, -3, 3}]

2.3. Plot Exp[X], Log[x], and x from x=-3 to x=3 with the plot range of y restricted to [-3,3].
Pl ot [{Exp[Xx], Log[x], X}, {x, -3, 3}, PlotRange » {-3, 3}]

3~
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2.4. Plot the tangent and inverse tangent (arctangent) functions from -7/2 to #/2 with thefirst plot in red and the

second in blue.

Pl ot [{Tan[x], ArcTan[x]}, {x, -Pi /2, Pi /2}, PlotStyle - {Red, Blue}]
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2.5. Plot the top and bottom halves of the circle x*2 + y?=1, adjusting the Aspect Ratio to show the same scales

on both axes.

Plot [{-Sgrt [1-x"2], Sqrt [1-x"2]}, {X, -1, 1}, AspectRati o - Automatic]

3. Solving equations, approximating numerically, and finding roots

3.1. Solvetheequation x* — 4 = 0for x.

Note the double == signs in the Mathematica command. We see that two of the solutions are imaginary.

Solve[x"4 -4 =0, X]

(R N PR IR S AR 3)

3.2. Select the 4th solution from the list of solutions.



4| Quickstart Calculus 1 Notebook.nb

Solve[x"4 -4 =0, x][[4]]
{x »ﬁ}

3.3. Find the real solutions of the equation x*-4=0.

Sol ve[x"4 -4 =0, X, Real s]
{x--v2} xovz ]
3.4. Numerically approximate the real solutions of the equation x*-4=0.
NSol ve[x"4 -4 == 0, X, Real s]
({X > -1.41421), {x > 1.41421})

3.5. Find asolution of the equation x*-4=0 in the interval 0<x<2.
Solve[x"4 -4 =08&&0 < X <2, X]

(2]}
3.6. Numerically approximate aroot of x*-4=0 near x=1.5.
Fi ndRoot [x"4 -4, {x, 1.5}]
(X > 1.41421)
3.7. Numerically approximate the value of / 2 .
N[Sgrt [2]]
1.41421

4. Lists with the Table command

4.1. Use Tableto make alist of the values of x? for integers x from 1 to 5.

Note that the output has { } brackets around it, indicating that it has the structure of alist.
Tabl e[x"2, {x, 1, 5}]
(1, 4, 9, 16, 25}
4.2. Use Tableto makealist of values of x? for x in{2,3,5,7,11,13,17} and name it PrimeSquares.
Notethe{ } brackets around thelist of x values.
PrinmeSquares = Tabl e[x"2, {x, {2, 3, 5, 7, 11, 13, 17}}]
{4, 9, 25, 49, 121, 169, 289}
4.3. Select the 5th element of the list PrimeSquares.
PrimeSquares[[5]]
121
4.4. Construct alist of expressions c*x, for cinthelist {-4,-2,-1,1,2,4}, and give it the name LineList.
Li neLi st = Table[c *x, {c, {-4, -2, -1, 1, 2, 4}}]
{-4x, -2X, -X, X, 2X, 4X}

45. UseTableto plot thelinesin thelist LineList.



Pl ot [Li neList, {x, -1, 1}]
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4.6. Use Tableto plot the linesin LineList with the colors orange, yellow, green,cyan,purple,black, and brown.

Pl ot [Li neLi st, {x, -1, 1},

Pl ot Styl e - {Orange, Yel |l ow, Green, Cyan, Purple, Bl ack, Brown}]
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5. Implicit plotting with ContourPlot

5.1. Plot thecircle X2 + y?=1 using ContourPlot.

Note the double == signs in the command. We must specify the intervals for both x and y.
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ContourPl ot [x"2+y"2 =1, {x, -1, 1}, {y, -1, 1}]
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5.2. Plot the same circle but with axes and no frame.
ContourPl ot [x"2+y"2 =1, {x, -1, 1}, {y, -1, 1}, Axes -» True, Frame - Fal se]

5.3. Plot thefamily of circles x? + y? =c? for cinthelist{1,2,4}, x in theinterval [-4,4], and y in the interval
[-4,4], using red, blue, and green.

Because of the order in which Mathematica executes commands, we need to tell the program to evaluate the list of
equations before plotting with ContourPlot.



Quickstart Calculus 1 Notebook.nb |7

CircleEquations = Table[x"2+y"2 ==c”"2, {c, {1, 2, 4}}]
[x2+y2 =1, x?2+y? =4, x? +y? =16}

Cont our Pl ot [Eval uate[Ci rcl eEquati ons],
{x, -5, 5}, {y, -5, 5}, ContourStyl e » {Red, Blue, Green}]

4l _

6. Defining and evaluating functions
6.1. Define f (x) = x5
f[x_]:=x"3

6.2. Evaluatef at x=5 in two different ways. The arrow is obtained by typing - and >.
f [5]
125
f[x]/. x->5
125
6.3. Defineg(x, y) = X2+ y°.
gx_, y_1:=x"2+y"2
6.4. Evaluate g at x=3, y=4 in two different ways.
g[3, 4]
25
gix, yl1 /. {x->3, y->4}
25

7. Derivatives
7.1. Find the derivative of the function f (x) = X defined above. Two methods are shown.
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DIf [x]1, x]
3x?
f'x]
3x?
7.2. Evauate f’(5) in two different ways.
f'[5]
75
D[f [Xx], X] /. x=»5
75
7.3. Find the second derivative of f. Two methods are shown.
frrox]
6 x
DIf [x], {x, 2}]
6 x

7.4. Find the derivative of x? +y? with respect to x when y is afunction of x. Note that we must specify that yisa
function of x by writing y[x].

D[x"2 +y[x]1"2, X]
2X+2y[xX]1y'[X]
7.5. Given x? +y2-25=0, solve for y'[x] by implicit differentiation. Give the result the name Slope.

Sl ope = Sol ve [D[x"2 +y[x]"2-25, x] ==0, y' [X]]
X

(IO

7.6. Findthevalue of y'[x] at x=3, y=4. Note that we need to type y[x], hot just y.

Slope /. {x » 3, Y[X] -» 4}

8. Combining graphs with the Show command

8.1. Plot thecirclex? +y?-25=0 and its tangent line at (3,4) on the same axes.

Note that we use ; at the end of a command when we do not need to see the result.

CircleGaph =
ContourPlot [x*"2+y"2-25=0, {x, -6, 6}, {y, -6, 6}, Axes » True, Frane - Fal se];

Tangent Gr aph =
Plot [-(3/4) » (x-3) +4, {X, -6, 6}, PlotRange » {-6, 6}, AspectRati o - Automatic];



Show[Ci r cl eGraph, Tangent Graph]
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9. Symbols and Greek letters

9.1. The symbol o is obtained from esc inf esc.

9.2. The symbol + isabtained from esc ! = esc.

9.3. The symbol < is obtained from esc < = esc ( and similarly for =).
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9.4. The Greek letter 9 is obtained from esc thetaesc. Other Greek |etters are obtained in asimilar manner.

10. The Simplify command
10.1. Simplify the expression cos(6) + sin?(b).

Sinplify[Cos[e]"2+Sin[e]"2]
1
11. Limits
11.1. Find thelimit of Exp[-X] as X—co.

Limt[Exp[-X], X =>Infinity]
0

11.2. Findthelimit of Log[x] (natural logarithm) as x —» O*.

Limt [Log[x], x>0, Direction-» -1]
11.3. Findthelimit of 1/x asx— 0~.
Limt[l/x, x>0, Direction-» 1]

— 00
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11.4. Find the limit of Exp[-c*X] as Xx— oo, with the assumption that c>0.

Limt [Exp[-c *x], X >Infinity, Assunptions - {c > 0}]

0

11.5. Find the limit of Exp[—cz*x] as X— o0, With the assumption that c isareal number and c+0. Note: Type!=
or esc != esc for +.

Limt [Exp[-c"2%Xx], X »>Infinity, Assunptions - El enent [c, Real s] &c # 0]

0

12. Integrals

12.1. Find theindefinite integral of x>. Mathematica does not supply the +C.
Integrate[x”2, Xx]

X3
3

12.2. Find the definiteintegral of x? from 0 to 1.
Integrate[x”2, {x, 0, 1}]

1
3

12.3. Numerically approximate the integral of x? from 0 to 1.
NI ntegrate[x”*2, {x, 0, 1}]

0. 333333



