
3.49 For the vector field E = r̂10e−r − ẑ3z, verify the divergence theorem for the

cylindrical region enclosed by r = 2, z = 0, and z = 4.

Solution:

∫

~E ·d~s =

∫ 2

r=0

∫ 2π

φ=0
((r̂10exp−r− ẑ3z) · (−ẑr dr dφ))|z=0

+

∫ 2π

φ=0

∫ 4

z=0
((r̂10exp−r− ẑ3z) · (r̂r dφ dz))|r=2

+
∫ 2

r=0

∫ 2π

φ=0
((r̂10exp−r− ẑ3z) · (ẑr dr dφ))|z=4

= 0+

∫ 2π

φ=0

∫ 4

z=0
10exp−22 dφ dz+

∫ 2

r=0

∫ 2π

φ=0
−12r dr dφ

= 160π exp−2−48π ≈−82.77,
∫∫∫

∇·~E dV =

∫ 4

z=0

∫ 2

r=0

∫ 2π

φ=0

(

10exp−r (1− r)

r
−3

)

r dφ dr dz

= 8π

∫ 2

r=0
(10exp−r (1− r)−3r) dr

= 8π

(

−10exp−r + 10exp−r (1+ r)− 3r2

2

)∣

∣

∣

∣

2

r=0

= 160π exp−2−48π ≈−82.77.


