
MAS2803/PHY2033 Assignment 1 Semester 2, 2019/20

Deadline: 15:00 Thursday 27th February

Question 1 (15 marks): For each of the following flow velocities ~v = (vx, vy, vz), specify whether
the flow is (i) 1D, 2D or 3D, (ii) uniform or not uniform, and (iii) steady or unsteady:

(a) (x, 1, 1) (b) (5, 0, 0) (c) (0, sinx, t) (d) (z, z, z) (e) (tx2, 0, 0) 3 for each

Question 2 (24 marks): Consider the flow ~v = (vx, vy) =

(
x

1 + t
, 1

)
, for x > 0.

(a) Determine y(x) for the streamline at time t which passes through (x0, y0). 4

(b) Determine x(t), y(t) for the pathline with initial condition x(t = 0) = x0, y(t = 0) = y0.

Also express the pathline curve in the form y(x). 6

(c) Are the streamline curves the same as the pathline curves? Briefly justify why are they the

same/different? 2

(d) Sketch the pathline with the initial condition x0 = 2, y0 = 1. On the same plot or as a

different plot, plot the t = 0 streamline which goes through (2, 1). 4

(e) Obtain the parametric form, x(s) and y(s), of the streamline considered in part (a) 1. 4

(f) By inspection of ~v or your solution from (a), briefly comment on the shape and direction of

the streamline at times (i) t = −1 and (ii) t =∞. 4

Question 3 (9 marks): Consider another encounter between Romeo and Juliet2. In this case the
dynamics of their romance (or lack of it) is described by the flow:

~v = (vR, vJ) = (J,−R).

(a) Determine the streamline solution. Leave your answer as an implicit relation between R and

J . 4

(b) Sketch some typical streamlines in the (R, J) plane. 3

(c) Give a brief interpretation of the dynamics of their romance. 2

Question 4 (12 marks): Consider the flow velocity given in cylindrical polar coordinates as
~v = (vr, vθ, vz) = (r2, r, e−z).

(a) Determine the material derivative
Df

Dt
=
∂f

∂t
+ (~v · ∇)f of the scalar function f(r, θ, z) =

r2 + sin θ + cos t. Note that ∇ =

(
∂

∂r
,
1

r

∂

∂θ
,
∂

∂z

)
in cylindrical polar coordinates. 3

(b) Determine the vorticity of the flow, ~ω = ∇× ~v, in cylindrical polar coordinates3. 3

(c) Determine the circulation of the flow, Γ =

∮
C

~v · d~̀, about a circular path of radius R in the

z = 0 plane, oriented anti-clockwise. 3

(d) Using Stokes’ theorem and the result from part (b), confirm the answer to part (c). 3

1You might like to check that this corresponds to the solution y(x) obtained in (a).
2See Problem Class 1 for the definition of the romantic variables R and J .
3The curl in cylindrical polar coordinates is provided in the Appendix of the Lecture Notes.


