Section 4.4: Curve Sketching
Main ideas?

..?..

..?..

To sketch a curve y = f(x), first identify:

A. Domain

B. Intercepts

C. Symmetry (and periodicity)

D. Asymptotes (vertical or horizontal)

E. Intervals of increase or decrease

F. Local maximum and minimum values

G. Intervals of upward/downward concavity and points of inflection

Then

H. Sketch the curve!

Apply to graphing f(x)=x+sqrt(|x|).

A. Domain is R (aka (–(,()).

B.  Intercepts are (0,0) and (–1,0).

C. Symmetry/periodicity: None.

D. Asymptotes?

..?..

..?..

limx(( (x+sqrt(|x|)) = (, limx(–( (x+sqrt(|x|)) = –(.  No asymptotes.  

E. Intervals of increase or decrease.

..?..

..?..

Split the domain into {x: x > 0} and {x: x < 0}

..?..

..?..

For x > 0, f(x) = x + x1/2 ( f ((x) = 1 + (1/2) x–1/2 > 0, so f increases on (0, ().

For x < 0, f(x) = x + (–x)1/2 ( f ((x) = 1 – (1/2) (–x)–1/2 = 

1 – 1/(2 sqrt(–x)) which is positive if sqrt(–x) > 1/2, i.e. 

if –x > 1/4, i.e. if x <  –1/4, and is negative if x > –1/4 (with x negative), so f increases on (–(, –1/4) and decreases on (–1/4, 0).

F. Local maximum and minimum values.

So far we haven’t decided whether 0 is a critical number or not.  It’s time to decide!  Is it?

..?..

..?..

The limit as x goes to 0 from the right of (f(x)–f(0))/(x–0) is limx(0+ f(x)/x = limx(0+ (x + x1/2)/x = limx(0+ (1 + 1/sqrt(x)) = +∞, so the two-sided limit of (f(x)–f(0))/(x–0) doesn’t exist, so f ((0) is undefined, so 0 is a critical number.
Is there another critical point?
..?..

..?..

x = –1/4 (f ((–1/4) = 0).

Local maximum value f(–1/4) = 1/4, local minimum value f(0) = 0 (by results of step E).

G. Concavity and points of inflection.

..?..

..?..

For x > 0, f (((x) = – 1/4 x–3/2 ( f (((x) < 0, so f  is concave down on (0, ().

For x < 0, f (((x) = – 1/4 (–x)–3/2 ( f (((x) < 0, so f  is concave down on (–(, 0).

No inflection points.

H. Sketch it!

Niceties: the slope of f(x) should go toward 1 as x goes toward plus or minus infinity, but the graph of y = f(x) should stay above the graph of y = x (since x + sqrt(|x|) ( x for all x).  The slope of f(x) at x = –1 is 1/2.  The function has a really sharp cusp at x = 0, since limx(0+ f ((x) = +( and limx(0– f ((x) = –(.]

If we enter the command “Plot[x+Sqrt[Abs[x]],{x, –2,2}]” in Mathematica, here’s what we get:
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