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Exercise 1

Find the gradient of the function:
(i) flz.y)=z—y;
(il) f(z,y) =e"7";
(ii) f(z,y,2) = z(cosy + sinz);

Solution
(i) fz,y)=2—y: Vf= (fmvfy) = (1,-1);
(i) f(2,y) = 5V Vf = (¥, —e*b);
(i) f(z,y,z) =x(cosy +sinz): Vf = (fz, fy, f2) = (cosy + sinz, —zsiny, xcosz);

Exercise 2

Find the derivative of the function f at the point Py in the direction of the vector a:
(i) flz,y)=2—y, P(1,0), a=(1,1);
(11) f(w,y)=x2+y2, PO(_lv_l)a a= <_152);
(iii) f(x,y,z) =2e%cos(yz), Py(0,0,0), a=(1,0,1).

Solution
Use the formula D,f = Vf - u for the directional derivative with respect to the

unit vector u = %':

(1> vf|(1,0) = (]-7 _1)7 Duf =0.

(i) VIlc1-1) = Q,29) 11 = (=2,-2),  Duf =(-2,-2) 172 = 22,
(i) V/]0.0.0) = (267cos(y2), 2ze7cos(y=), 2eVcos(y2))| (0.0.0) = (2, 0,0),

Dyf = (27030) \511720%1)2 = %

Exercise 3

Find tangent line to the curve given by the equation at the given point Ppy:
(1) $2 + y2 = 87 PO(_27 2)7



(ii) zy = -1, Py(1,-1).
Solution Use the formula

Jz (20, y0)(x — x0) + fy(T0,%0) (¥ —30) =0

for the tangent line to the curve f(x,y) = ¢ at the point (zg,y) on the curve:

() f@y) =2 +y? (z0,90) = (=2,2).
We have (fz, fy)|(—2,2) = (22,2y)(—2,2) = (—4,4) and the tangent line is —4(x +
2)+4(y—2)=0.
(i) f(z,y) = zy, (w0,y0) = (1, —1).
We have (f, fy)l1,-1) = (¥,2)a,—1) = (—1,1) and the tangent line is —(x — 1) +
(y+1)=0.

Exercise 4

Find tangent plane to the surface given by the equation at the given point Py:
(i) 22 +9y2+23=3, Py(-1,-1,1);

(i) z—222 =0, Py(1,1,-2).

(iii) cosmx —yz =0, Py(0,1,1).

Solution

Use the formula

f2(x0, Y0, 20)(x — x0) + fy(T0,Y0,20)(y — yo) + [=(T0, Y0, 20) (2 — 20) =0

for the tangent plane to the surface f(x,y, z) = ¢ at the point (x¢, yo, 2z0) on the surface:

(1) f(x7y7 Z) = $2 + y2 + Z37 <$07y07 ZO) = (_17 _17 1)
We have (fac7fyafz>|(—1,—1,1) = (23372:973’22)‘(—1,—1,1) = (_27_273) and the tan-
gent plane is —2(x +1) —2(y+1)+3(z—1)=0o0r —22 —2y+32—-7=0.

(i) f(z,y,2) =2 —22% =0, (70, y0, 20) = Po(1,1,-2).
We have (fz, fy, f2)|(1,1,—2) = (—42,0,1)|(1,1,—2) = (—4, 0, 1) and the tangent plane
is —4(x—1)4+0y—1)+(2+2)=00r -4z +2+6=0.
(i) y+ 2 = 2.



