
CSU ATS601 Fall 2015

Homework 2
due Sept. 9, 2015

[50 pts.]

Name:

Time Estimation: One of the most important lessons you can1 learn in graduate school is good time

management. A big part of this is estimating how long something will actually take - not how long you want

it to take. Thus, for this and all subsequent homeworks, I want you to estimate the total amount of time it

will take you to complete each assignment. You must do this before you begin the homework (although it

is a good idea to read through the questions first to know what you are dealing with). Then, I want you to

keep track of how much time you actually spend on the assignment. You will be expected to record both

your estimate and the actual time as part of your homework solutions.

Estimate of Time Spent: Actual Time Spent:

Problem 1: Vector calculus, dimensional analysis

(a) Spell out the equations of motion in Cartesian coordinates such that they don’t contain vector calculus

expressions anymore.

(b) Perform a dimensional analysis of the equations of motion, i.e. check that the dimensions of the

individual terms in each equation are the same.

1I say “can” because a lot of people don’t make it a priority.
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Problem 2: Lagrangian vs Eulerian perspectives
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Consider a fluid (say the atmosphere) flowing with steady (no time dependence) velocity u = (U, 0).

Now, imagine that the fluid has a linear slope in temperature (T ) in the x-direction of magnitude Λ (see

figure).

(a) What is the sign of Λ according to the figure?

(b) What is the ∇T , i.e. the gradient of T?

(c) What is DT
Dt i.e. the material rate of change in temperature following a parcel assuming no heating

sources or sinks?

(d) At a fixed point P, what is the time rate of change of temperature (∂T∂t )? Are things getting warmer or

colder at point P according to your equation? (Hint: use the definition of the material derivative).
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Problem 3: Passive tracer advection
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(a) Consider a one-dimensional passive tracer who’s concentration is a function of x and t only: ψ =

ψ(x, t). Imagine a Gaussian-blob of this tracer (see figure) is placed in a steady flow field where

u(x, t) = U, where U is a constant (i.e. not a function of time or space). Starting from the mass

continuity equation, show that the equation for the concentration ofψ at time t and position x is given

by the one-dimensional advection equation:

∂ψ

∂t
+U

∂ψ

∂x
= 0

(b) Show that this is equivalent to
Dψ

Dt
= 0

(c) The solution to the advection equation for u(x, t) = U is

ψ(x, t) = ψ0(x−Ut)

with initial condition

ψ(x, t = 0) = ψ0(x).

Describe in words the evolution of the initial Gaussian blob using the solution as part of your explana-

tion. Discuss the differences in the evolution of the tracer from the material and eulerian perspectives.

(d) Now consider the case where u(x, t) = Λx, where Λ is a constant. Describe in words how the tracer

blob will evolve in time. (Drawing some sketches might help).
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