Fall 2020 HW problems for Chapter 10 ENG 5300.00

You must show all work to receive full credit. No . All work is to be your own. Date: October 7
Be neat and organized, and use correct notation. All of these problems appear on Test 1. 18:40- 19:55
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10.

810.1 Line Integrals

. §10.1 Line Integral. Work done by a force. Calculate [,F(r)-dr for the following data. If F is a

force, this gives the work done in the displacement along C'. (Show the details.)
F =1z, z,v], C:r=]cost, sint, t] from (1,0,0) to (1,0, 4r). 10 points

§10.1 Line Integral. Work done by a force. Calculate [F(r)-dr for the following data. If F is a
loi

force, this gives the work done in the displacement along C. (Show the details.)
F=[e e ¢e*], C:r=][t t* t?] from (0,0,0) to (2,4,4). 10 points

§10.1 Line Integral. Work done by a force. Calculate [F(r)-dr for the following data. If F is a
oi

force, this gives the work done in the displacement along C'. (Show the details.)

F=[r—y,y—z z—x], C:r=[2cost, t, 2sint] from (2,0,0) to (2,27,0). 10 points

Hint: cos® 0 = (1 + cos26) and sin® 6 = $(1 — cos 26)

§10.1 Line Integral. Work done by a force. Calculate [F(r)-dr for the following data. If F is a
loi

force, this gives the work done in the displacement along C. (Show the details.)
F = [22, 4% 2%], C :r = [cost, sint, '] from (1,0,1) to (1,0, ™). 10 points

§10.1 Line Integral. Work done by a force. Calculate [F(r)-dr for the following data. If F is a
C

force, this gives the work done in the displacement along C'. (Show the details.)
F=[e" e e?, C:r=][t t* t] from (0,0,0) to (2,4,2). 10 points

. §10.1 Line Integral. Work done by a force. Calculate [F(r)-dr for the following data. If F is a
c

force, this gives the work done in the displacement along C'. (Show the details.)
F=[x4+y,y+z 24z, C:r=][2t 5 t] fromt=—1to 1. 10 points

§10.1 Line Integral. Work done by a force. Calculate [F(r)-dr for the following data. If F is a
c

force, this gives the work done in the displacement along C'. (Show the details.)
F = [z, —z, 2y|, , from (1,2, 3) straight to (3,2, 1). 10 points

§10.1 Line Integral. Work done by a force. Calculate [ F(r)-dr for the following data. If F is a
c

force, this gives the work done in the displacement along C'. (Show the details.)
F=[z—y,y—=z2 2z—xz], C:r=]|2cost, t, 2sint] from (2,0,0) to (2,2m,0). 10 points

§10.1 Line Integral. Work done by a force. FEvaluate the line integral, where C' is the given curve.
(Show the details.) 10 points

/(y + 2)dx + (x + 2)dy + (x + y)dz, C'is the line segment from (1,0, 1) to (0, 1,2)
c
§10.1 Line Integral. Work done by a force. Calculate [ F(r)-dr for the following data. If F is a
C
force, this gives the work done in the displacement along C'. (Show the details.) 10 points
F=sinzitcosyj+azk, C:r(t)=t>i—1t*j+tkfrom (0,0,0)to (1,—1,1).
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1.

§10.2 Path Independence of Line Integrals

§10.2 Path-Independent Integrals. Show that the form under the integral sign is exact in the space
and evaluate the integral. (Show the details of your work). 10 points

(0,1,2)
/ (ze™ dx + dy + ze™ dz)
(

2,3,0)

§10.2 Check for Path Independence and, if independent, integrate from (0,0,0) to (a,b, c).
(Show the details of your work.) 10 points

1
xy 2% dx + §x222 dy + 2*yz dz

§10.2 Check for Path Independence and, if independent, integrate from (0, 0,0) to (a,b,c).
(Show the details of your work.) 10 points

eV dr + (zve¥ — €*) dy — ye* dz
§10.2 Path Independent Integrals. Show the form under the integral sign is exact in space and
evaluate the integral. Show the details of your work. 10 points
(1,1,0)
/ eV (pdr + ydy + 2 dz)
(0,0,0)
§10.2 Show the form under the integral sign is exact in space and evaluate the integral. Show the
details of your work. 10 points
(3,m,3)
/ (cosyzdr —xzsinyzdy — xysinyzdz)

(5,3,7m)

. 810.2 Check for Path Independence and, if independent, integrate from (0,0, 0) to (a, b, c).

(Show the details of your work.) 10 points

(cos(z? + 2y* + %)) (2w dx + 4y dy + 22dz)

§10.2 Show that the form under the integral sign is exact in space and evaluate the integral. Show
the details of your work. 10 points

(2,5,%)
/ e™(y sin zdx + x sin z dy + cos z dz)

(0,0,7)

N[=
(SIE]

§10.2 Show that the form under the integral sign is exact in space and evaluate the integral. Show
the details of your work. 10 points

(1,0,1)
/ (e® coshy dx + (e” sinhy + e* coshy) dy + €” sinh y dz)

(0,1,0)



10.

§10.2 Show that the field |F(x,y, 2) = yze™ i+ e** j 4+ zye™ k|is conservative and evaluate the
integral [, F-dralong C: r(t) = (*+1) i+ (t*—1) j+ (#*—2t) k, 0 <t < 2. Show the details
of your work. 10 points

§10.2 Show that the field |F(z,y, 2) =siny i+ (zcosy + cos z) j — ysin z k| is conservative and

evaluate the integral [, F -dr along C': r(t) =sinti+tj+2tk, 0<t<Z. Show the details
of your work. 10 points

810.4 Green’s Theorem in the Plane

. §10.4 Evaluation of Line Integrals by Green's Theorem. Using Green’s Theorem, evaluate fc F(r)-dr

counterclockwise around the boundary curve C' of the region R, where
F=[22+y%22—y?, R: 1<y <2-—22 Sketch R. 20 points

§10.4 Evaluation of Line Integrals by Green's Theorem. Using Green’s Theorem, evaluate [ F(r)-dr
c

counterclockwise around the boundary curve C' of the region R, where
F = [22—3y,z+5y], R : 162%+25y% < 400, y >0 20 points
Hint: You might find the following identities useful:

2 2du = “aZ — 2+ Cgip Tl wdu  _ _u for 2y a1
JVa? —w?du=§va® —u? + Gsin' 2+ Cland | [ S = —3Va? —u? + Ssin T 2+ C

§10.4 Evaluation of Line Integrals by Green's Theorem. Using Green’s Theorem, evaluate § F(r)-dr
c

counterclockwise around the boundary curve C' of the region R, where

F = [z%¢Y, y?¢"], R the rectangle with vertices (0,0), (2,0), (2, 3), (0,3) 20 points
§10.4 Evaluation of Line Integrals by Green's Theorem.
Use Green’s Theorem to evaluate 20 points
j{3x2y2 dr + 22%(1 + zy) dy (Y
c
. . a
where C' is the circle shown. _ N
§10.4 Evaluation of Line Integrals by Green's Theorem.
(a) Verify the identity V-V x F =0 4 points
(b) Verify the identity VxVf =0 4 points
(c) Using Green’s Theorem, evaluate ¢ F(r)- dr counterclockwise around the boundary curve C
c
of the region R, where F = grad (z°cos?(zy)), R: 1<y <2-—2z% 12 points
§10.4 Evaluation of Line Integrals by Green's Theorem. Using Green’s Theorem, evaluate § F(r)- dr
c
counterclockwise around the boundary curve C' of the region R, where
F=[z%% —x/y?|, R: 1<2?+y*<4, >0, y>ur. 20 points

Hint: f ﬁd@ S LNYe:

sin 0



10.

§10.4 Evaluation of Line Integrals by Green's Theorem. Using Green’s Theorem, evaluate ¢ F(r)- dr
loi

counterclockwise around the boundary curve C' of the region R, where
F =[coshy,—sinhz], R: 1<2<3, z<y<3z 20 points

§10.4 Evaluation of Line Integrals by Green's Theorem. Using Green’s Theorem, evaluate § F(r)- dr
c

counterclockwise around the boundary curve C' of the region R, where
F = [z cosh2y,22?sinh2y], R: 2?> <y <u. 20 points

§10.4 Evaluation of Line Integrals by Green's Theorem.

Using Green’s Theorem, evaluate | [ 2y? dx 4 22%y dy| counterclockwise around the boundary
loi

curve C. Where C'is the triangle with vertices (0,0), (2, 2), (2,4). 20 points

§10.4 Evaluation of Line Integrals by Green's Theorem.

Using Green’s Theorem, evaluate | [ y* dz — 2® dy | counterclockwise around the boundary curve
c

C of the region R, where C' is the circle |2 +y? = 4|. 20 points

§10.6 Surface Integrals

. §10.6 Flux Integrals (3) [[F-ndA. Evaluate the integral given below for the following data.
S

Indicate the kind of surface. (Show the details of your work.) 20 points
F=[z,y,2],S:r=[ucosv,usinv,v?,0<u<4 —r<v<nm

. §10.6 Flux Integrals (3) [[ F-ndA.  Evaluate the integral given below for the following data.
5

Indicate the kind of surface. (Show the details of your work.) 20 points
F=[ 2% 2, S: 2 +4y>=4, >0, y>0, 0<z2<h

§10.6 Flux Integrals (3) [[F-ndA Evaluate the integral for the given data. Describe the

S
kind of surface. Show the details of your work. 20 points
F:[yz’lg’ 24], S:z=4yx2+y? 0<z2<8, y>0

. 810.6 Flux Integrals (3) HF -ndA Evaluate the integral given below for the following data.
S

Indicate the kind of surface. (Show the details of your work.) 20 points
F=[0,siny, cosz], S the cylinder z = y*, where 0 <y < Zand 0< z <y

. §10.6 Flux Integrals (3) [[F-ndA Evaluate the integral for the given data. Describe the
S

kind of surface. Show the details of your work. 20 points
F =[0,sinhz, cosha], S: 2?2 +22=4, 0<2<+2, 0<y<5 2>0

§10.6 Flux Integrals (3) [[F-ndA Evaluate the integral given below for the following data.
5

Indicate the kind of surface. (Show the details of your work.) 20 points
F=ltanzy, 2, 9], S: " +2°=1,2<2<5 y>0, 2>0

§10.6 Flux Integrals (3) [[F-ndA Evaluate the integral for the given data. Describe the
s

kind of surface. Show the details of your work. 20 points
F=1le, e 1], S:x+y+z=1, >0, y>0, 2>0



8.

10.

§10.6 Flux Integrals (3) [[F-ndA Evaluate the integral given below for the following data.
5

Indicate the kind of surface. (Show the details of your work.) 20 points
F=[0,2,0, S: a2 +y2+:2=1,2>0,y>0, 2>0

§10.6 Flux Integrals (3) [[ F-ndA.  Evaluate| [[ 2 dydz + y* dzdz + 2* dady | 20 points
S s

Where S is the round portion of 0 < z < /1 —y?, 0 < 2 < 2. Describe the kind of surface.
Show the details of your work.

Hint: fCOSgtdt:%COS2tSint—|—%Sint—l—C and fsin3tdt:—%sin2tcost—§cost+0

§10.6 Flux Integrals (3) [[F-ndA.  Evaluate| [[ z dydz — zdzdz + ydady |. 20 points
s s

Where S a portion of 22 4+ 92 + 22 = 4 in the first octant, oriented away from the origin. Describe
the kind of surface. Show the details of your work.

Hint: fcos3tdt:%cothSint—i-%sint—i-C and fsingtdt:—%sinztcost—gcosthC.

Moreover |cos®t =

2(1 4 cos2t) | and |sin®t = 1(1 — cos 2t)

§10.7 Triple Integrals. Divergence Theorem of Gauf3

. §10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the integral by the Divergence Theorem. (Show the details.)
F=[z—y,y* 22%, S thesurface of y? + 22 <4, -3 <2 <3

§10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the integral by the Divergence Theorem. (Show the details.)
F=[52%,5y%, 52%, S: 22 4+¢y*+22=4
Hint: The following facts might be useful:

Cartesian coordinates: dV = dx dy dz
Cylindrical coordinates: dV =rdrdfdz, 0 <0 <2m, r>0, v =rcosf, y=rsinf, z=z
Spherical coordinates: dV = p?singdpdpdd, 0 <0 <2m, 0<dp<m, p>0,
x = psin¢cosh, y=psingsinf, z = pcos¢

§10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the surface integral by the Divergence Theorem. Show the details.
F =[e”, e, e?], S the surface of the cube |z| <1, |y| <1, |2| <1

§10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the surface integral by the Divergence Theorem. Show the details.
F = [siny, cosz, cosz|, S, the surface of the cylinder and two disks: 2% + 4% < 4, |2] < 2



Hint: The following facts might be useful:

Cartesian coordinates: dV = dx dy dz
Cylindrical coordinates: dV =rdrdfdz, 0 <60 <2m, r>0, x=rcosf, y=rsinf, z=z
Spherical coordinates: dV = p?singdpdpdf, 0 <0 <2mx, 0< ¢ <7, p>0,
x = psingcosf, y=psingsinf, z = pcos¢

. §10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the surface integral {J F - ndA by the Divergence Theorem. Show the details.
S

F = [227, Sy?, sinmz], S the surface of the tetrahedron with vertices (0,0,0), (1,0,0), (0,1,0),
(0,0,1)

. §10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the surface integral {f F - ndA by the Divergence Theorem. Show the details.
S

F = [2%, 4%, 2%], S, the surface of the cone: 2% +y*> <22, 0< 2 <h

Hint: The following facts might be useful:

Cartesian coordinates: dV = dx dy dz
Cylindrical coordinates: dV =rdrdfdz, 0<60 <2w, r>0, x=rcosf, y=rsinf, z==z2
Spherical coordinates: dV = p?sin¢gdpdpdf, 0 <0 <2mx, 0<¢p<m, p>0,
x = psin¢cosh, y=psingsinf, z = pcos¢

. §10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the surface integral {§ F - ndA by the Divergence Theorem. Show the details.
S

F = [zy, yz, 2z|, S the surface of the cone z? + y? < 42%, 0< 2 <2

Hint: The following facts might be useful:

Cartesian coordinates: dV = dx dy dz
Cylindrical coordinates: dV =rdrdfdz, 0 <60 <2m, r>0, x=rcosf, y=rsinf, z=z
Spherical coordinates: dV = p?singdpdpdf, 0 <0 <2mx, 0<¢p<m, p>0,
x = psin¢cosh, y=psingsinf, z = pcos¢

. §10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the surface integral {J F - ndA by the Divergence Theorem. Show the details.
S

F=[z2—4% y>— 23 22 — 23], S, the surface of 2% + y? + 22 <25, 2 > 0

Hint: The following facts might be useful:

Cartesian coordinates: dV = dx dydz
Cylindrical coordinates: dV =rdrdfdz, 0 <60 <2m, r>0, x =rcosf, y=rsinf, z=z
Spherical coordinates: dV = p?singdpdpdd, 0 <0 <2m, 0<dp<m, p>0,
x = psin¢cosh, y=psingsinf, z = pcos¢

6



10.

§10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the surface integral {f F - ndA by the Divergence Theorem. Show the details.
S

F = [cos z + xy?, we 7, siny + 2%2], S the surface of the solid bounded by z = 22 + y? and the
plane z = 4.

§10.7 Application of the Divergence Theorem: Surface Integrals {f F - ndA 20 points
S

Evaluate the surface integral {f F - ndA by the Divergence Theorem. Show the details.
S

F = [32y?, we?, %], S is the surface of the solid bounded by |y?+ 22 =1|and |z = —1}, and

§10.9 Stokes’s Theorem

. §10.9 Evaluation of § F - 1’ ds 20 points
C

Calculate the integral by Stokes’s theorem for the following F and C. Assume the Cartesian
coordinates to be right-handed and the z-component of the surface normal to be Positive. (Show
the details.)

F = [y?, 2%, —x + 2|, around the right triangle with vertices (0,0, 1), (1,0,1), (1,1,1)

. §10.9 Evaluation of § F - 1’ ds 20 points
C

Calculate this line integral by Stokes’s theorem for the given F and C'. Assume the Cartesian
coordinates to be right-handed and the z-component of the surface normal to be nonnegative.
Show the details.

F = [y?, 2%, z + ], around the triangle with vertices (0,0,0), (1,0,0), (1, 1,0)

§10.9 Evaluation of § F - r' ds 20 points
C

Calculate this line integral by Stokes’s theorem for the given F and C'. Assume the Cartesian
coordinates to be right-handed and the z-component of the surface normal to be nonnegative.
Show the details.

F =[5y, 4z, 2], C the circle 22 +y> = 16, z = 4

§10.9 Evaluation of § F - r' ds 20 points

Calculate this linecintegral by Stokes’s theorem for the given F and C. Assume the Cartesian
coordinates to be right-handed and the z-component of the surface normal to be nonnegative.
Show the details.

F = [z, €%, 0], C the boundary curve of the portion of the cone z = /22 +y?, > 0, y > 0,
0<z<1

. §10.9 Evaluation of § F - 1’ ds 20 points

Calculate this linecintegral by Stokes’s theorem for the given F and C. Assume the Cartesian
coordinates to be right-handed and the z-component of the surface normal to be nonnegative.
Show the details.

F = [0, 23, 0], C the boundary curve of the cylinder > +y? =1, 2 >0,y >0,0< 2 <1

§10.9 Evaluation of § F - r' ds 20 points

loj
Calculate this line integral by Stokes’s theorem for the given F and C'. Assume the Cartesian



coordinates to be right-handed and the z-component of the surface normal to be nonnegative.
Show the details.
F =[eY, 0, €”], C around the triangle with vertices (0,0,0), (1,0,0), (1,1,0)

. §10.9 Evaluation of § F - 1’ ds 20 points
C

Calculate this line integral by Stokes’s theorem for the given F and C'. Assume the Cartesian
coordinates to be right-handed and the z-component of the surface normal to be nonnegative.
Show the details.

F=[23 23 43, Cthecirclex=2 y*+22=9

. §10.9 Evaluation of § F - 1’ ds 20 points
C

Calculate this line integral by Stokes’s theorem for the given F and C'. Assume the Cartesian
coordinates to be right-handed and the z-component of the surface normal to be nonnegative.
Show the details.

F = [yz, 222, €®¥], C thecircle 22 +y?> =16,2=5

. §10.9 Evaluation of § F - r’ ds 20 points

Calculate this linecintegral by Stokes’s theorem for the given F and C. Assume the Cartesian
coordinates to be right-handed and the z-component of the surface normal to be nonnegative.
Show the details.

F=[z+9% y+2% 2+2%, C around the triangle with vertices (1,0,0), (0,1,0), (0,0, 1)



