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First about the 
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Mini-Exam Practice 1

Name: Student ID:

As a member of Harvard College, I pledge that I will not give or receive assistance on this exam.

Signature:

You are allowed 75 minutes for this mini-exam. No notes, books, or electronic aids are allowed.

Please show your work and explain your reasoning, and organize your work so that the reader can

follow it. We’ll be assessing your reasoning and explanation more than your final answer.

The following formulas may be useful:

– The surface area of a sphere of radius r is 4⇡r2.
– The surface area of an open circular cone (like an ice cream cone) of radius r and height h is

⇡r
p
r2 + h2.

– The volume of a ball of radius r is
4
3⇡r

3
.

– The volume of a solid cone of radius r and height h is
1
3⇡r

2h.

Good luck!

Problem Points Score

1 9

2 12

3 8

4 8

Total 37

1. (9 points)

Here’s the contour map of a function f(x, y). The value of f on each level set is labeled.

(a) Decide whether the following statements

are true or false, and explain your reason-

ing briefly.

i. fx(P ) � 0

ii. fy(Q) � 0

iii. fx(P ) � fx(Q)

iv. fyy(S) � 0

v. fxy(R) � 0
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(b) Can you find a point A at which fy(A) = 0? If so, mark one on the contour plot above. Either

way, explain your reasoning.
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Thursday, 9/22/2022,  5:30 - 6:45 PM

 (tomorrow in a week)


Content: PSets 0-4


Extra credit: 

    do Practice 1 until Friday 9/16

    and grade Practice 1 until 9/19 




Single integrals review



A

B

C

What is ∫
1

0
1 − x2 dx

Compute  ∫
10

0
x2 dx

What is ∫
2π

0
sin(3x)cos(17x) dx



Double Integrals



Setup
R

(x, y)

∑
(x,y)

f(x, y)ΔA

∬R
f(x, y) dA

ΔA
Δx

Δy



f(x,y)=1
R

(x, y)

ΔA

Δx

Δy



Volume Interpretation



Worksheet 



One of the tools scientists use to estimate the volume of sea ice at any time is data from the European
Space Agency satellite CryoSat-2, which gathers weekly measurements of sea ice thickness. These thickness
measurements are then used to estimate the current volume of sea ice.

Because the CryoSat-2 data set is too massive to work with easily, we’ll look at a mathematically equivalent
problem: estimating the volume of snow from data about its depth. The following map from the National
Oceanic and Atmospheric Administration (NOAA) shows the depth of snow (in inches) on the ground on
February 15, 2015 at various points in Massachusetts.

1. How could you use this data to estimate the total volume of snow in Massachusetts on this date?
(Come up with a method, but you don’t have to carry it out.)

2. In Problem Set 3, #5, you watched a video about this problem:

Last year, Drew drove from his home in Arlington, MA to visit his parents in Red Hook,
NY, a distance of 185 miles. His car tracked its fuel e�ciency along the way; let f(x) be the
car’s fuel e�ciency, in miles per gallon, x miles into the trip. Now, Drew would like to know
the amount of gas he used for the whole trip. Write an integral that gives the amount of gas
Drew used.

How is your strategy for #1 similar to and di↵erent from the strategy Drew used to solve his problem?

3. It was widely reported in the news that the 2014-2015 winter was the snowiest on record in Boston,
and that snow records in Boston go back to 1891. As we’ve discussed, it’s important to question any
data set; what questions would you ask about the snowfall data from 1891 - 2015?
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Order of Summation



R
(

k
n

,
l
n

)

∫
b

a ∫
d

c
f(x, y) dydx

1
n

∫
d

c ∫
b

a
f(x, y) dxdy

(a,c)

(b,d)

=



Fubini



Fubini Counter example

x y

f(x, y) =
(x2 − y2)
(x2 + y2)2

d
dx

−x
x2 + y2

= f(x, y)

d
dy

y
x2 + y2

= f(x, y)



Area of Mandelbrot?



Mandelbrot Zoom



Homework due Friday





THE END


