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T SHIFTED CONICS

Shifting Graphs of Equations Shifted Ellipses Shifted Parabolas
Shifted Hyperbolas " The General Equation of a Shifted Conic

In the preceding sections we studied parabolas with vertices at the origin and ellipses and
hyperbolas with centers at the origin. We restricted ourselves to these cases because these
equations have the simplest form. In this section we consider conics whose vertices and
centers are not necessarily at the origin, and we determine how this affects their equation

Shifting Graphs of Equations

we studied transformations of functions that have the effect of shifting
their graphs. In general, for any equation in x and y, if we replace x by x — & or by
x + h, the graph of the new equation is simply the old graph shifted horizontally; if y is

replaced by y — k or by y + k, the graph is shifted vertically. The following box gives
the details.

SHIFTING GRAPHS OF EQUATIONS

If 4 and k are positive real numbers, then replacing. x by x — A or by x + 4 and
replacing y by y — k or by y + k has the following effect(s) on the graph of any
equation in x and y.

Replacement How the‘graph is shifted
1. x replaced by x — h Right /4 units
2. x replaced by x«t+.h Left A units
3. yreplaced by yw—.k Upward k units
4. y replacedby v+ k Downward k units

Shifted Ellipses

Let’s apply horizontal and vertical shifting to the ellipse with equation

X Yy
2

whose graph is shown in Figure 1. If we shift it so that its center is at the point (4, k)
instead of at the origin, then its equation becomes
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Thus the equation of the ellipse is
(x +2)° (v —3)° _
25 9 -

1 Equation of shifted ellipse

The graph is shown in Figure 3.

Fi(—6, 3)

FIGURE 3 Graph of

Shifted Parabolas

Applying shifts to parabolas.leads to the equations and graphs shown in Figure 4.
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(@) (x — h)>=4p(y — k) (b) (x — h)* = 4p(y — k) (© (y— k> =4p(x — h) (d) (y — k)> =4p(x — h)
p>0 p<O0 p>0 p<O0

FIGURE 4 Shifted parabolas

EXAMPLE 3 = Graphing a Shifted Parabola
Determine the vertex, focus, and directrix, and sketch a graph of the parabola.
x? — 4x = 8y — 28

SOLUTION We complete the square in x to put this equation into one of the forms in

Figure 4.
x> —4x+4=8y—28+4  Add4 to complete the square
(x —2)> =28y — 24 Perfect square
(x —2)2=38(y — 3) Shifted parabola
This parabola opens upward with vertex at (2, 3). It is obtained from the parabola
x? =8y Parabola with vertex at origin
’ ) by shifting right 2 units and upward 3 units. Since 4p = 8, we have p = 2, so the
FIGURE 5 focus is 2 units above the vertex and the directrix is 2 units below the vertex. Thus
x? —4x =8y — 28 the focus is (2, 5), and the directrix is y = 1. The graph is shown in Figure 5.
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