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Problem 2: An idealized two-dimensional ocean is modeled by the square region R =
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]. with boundary C. Consider the stream function (x, y) = 4 cos(x) cos(y)

defined on R as shown in the figure below.

Figure 1: Some level curves of the stream function  (x, y).

(a) The horizontal (east-west) component of the velocity is u =  y and the vertical
(north-south) component of the velocity is v = � x. Sketch a few representative
velocity vectors and show that the flow is counterclockwise around the region.

(b) Is the velocity field source free? Explain.

(c) Is the velocity field irrotational? Explain.

(d) Find the total outward flux across C.

(e) Find the circulation on C assuming counterclockwise orientation.

Page 3

 

41 41 2
Cosio Sino 11,0

stg
I
8
I 1 8 7284 so

Ext is tangen

jo

D 84.10 71
0 Tx Ny 7,1 4 7o
e

A F cu v ExY Cy YCompare to 84 4 147
XCX41 4cos X cos y
7 1 14 45in x cos y My 4cos x sinly



Sohail Farhangi Math 2153 Recitation Handout for 4/14/2022

Page 4

F L Ycos x sinly 4Sinixtcos y 7

b F can is source free

if and only if

Div F E F Ux Vy 0

we now see that for F LYy 7 7

wa Y

Uxtry 1 1 1 Yxly Tx Ny 0

claitat's
Iodfirefree Thm
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