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Solutions to Sheet 7

1. PVT surface

(1)

1
= ot3D[—, x, -1, 1}, {y, -1, 13},
x2 +y?

Pl ot Poi nts » 41, CippingStyl e - None, AxesLabel - {x, vV, §}]

- SurfaceGraphics-
()do=2ddx+ Lady= —=_ (xdx+ydy).
ox ay (x2+y2)3/2
do e dx dy
T (@+y?)? ( a Y a)

(iii)r% (r cos(wt) (—w) r sin(wt) +r sin(w t) wr cos(w t)) = 0.

(iv) (a+it)3 (@+Vt)V+(@+Vv) = —

(a+v)?”
2.

(i) =2 + y?, dxcosh(2) = sinh(2) dxz= 2 xsinh(x* + y?)

(i) a=sin(xy), b=xy, dysinh(a) = % sinh(a) % sin(b) 0y b = cosh(sin(x y)) cos(x y) x.
3.

() V £ y) =(- 2x,- 2y)

(i)

<< "VectorFieldPlots®
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pl = (Needs["VectorFieldPlots "1;
VectorFi el dPl ots” VectorFieldPlot [{-2Xx, -2V},
{x, -1, 1}, {y, -1, 1}, Frame -» True, FranelLabel - {X, y}1);
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Show[p1, ContourPlot[—(x* + y?), {x, =1, 1}, {y, -1, 1}, Axes— True,
AxesLabel > {X, y}, Contour Shading - False, DisplayFunction - | dentity|]

1

- Graphics-

4,
(i) V £(x, y) =(- 2x,2y)

(if)
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pl = (Needs["VectorFiel dPlots "17;

VectorFi el dPlots™ VectorFieldPlot [{-2Xx, 2y}, {Xx, -1, 1},
{y, -1, 1}, Frame - True, FraneLabel - {X, y}1);
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Show[p1, Contour Plot[-x? + y?, {x, -1, 1}, {y, =1, 1}, Axes— True,
AxesLabel - {x, y}, Contour Shading - False, DisplayFunction - | dentity]|

- Graphics-
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() a) VT =(0, 1): no stationary points
b) V f = (1, 0): no stationary points
o)V =-4(x% y®): stationary points (x, y) =0
d) Vf =(y, x): stationary points (x,y)=0
e) Vf =4(x3 —y®):stationary points (x, y) =0

(i)

pl = (Needs["VectorFiel dPlots "1]; VectorFieldPl ots  VectorFieldPlot [
{y, x}, {x, -1, 13}, {y, -1, 1}, Franme -» True, FranelLabel - {x, y}1);
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Plot3D[x vy, {x, =2, 2}, {y, =2, 2}]

- SurfaceGraphics -

Everything suggests that thisis a saddle, with axis rotated by 45°.
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6.

A planeis defined by an equation z=zy + ax + by. The fiven equation is of that form.

Vi=(0,2), so f1(x, y) =4+ 2y. Thisisthe collection of al linesz=4+ 2y for al x, and makes a plane
(i)

(Needs ["VectorFiel dPlots "]; VectorFiel dPl ots” VectorFiel dPl ot [
{-vy, x}, {x, -1, 1}, {y, -1, 1}, Franme » True, FranelLabel - {x, y}1);
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(ii) Solutions should follow the arrows — circles!

(iii)

DSolvely' [x] == =x/y[X], YIXI, X]
2 2
{{y(x) - —\/; C— XE } {Y(X) - \/; CL— XE }}

2
X2
Expand[ V2 4|a-—|+ x2]
2
2¢;
So these are circles.

8.

(i) y(X) = C1 €% + Cp 721 %
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(i) -9C+4C=25C=2

(iii) General solution y(x) = C; /% + Co 21X — 2 €31
Y0 =1= C1+Co— 2=1
y' (0)=O:>2iC1+2iCZ—gi=0

Solution: C; » 1, C, - E Thus y(x) = ' + %e*z”‘— §e3”‘



