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12. MULTIVARIABLE CALCULUS (24/11/2023)

- Goals.

(1) 3d space: coordinates and graphs
(2) Partial derivatives

Last Time. A ulne.n'(a, Me'ui 0/ <

CD Cu Lw SQA,Q/D)Es MeA s d 745\( &‘olu;'ug QD€ affvo)(/}nof)e[

Topd: O ODe -y = flyd) ool Bl 0D
@) iniNal tndbion (&4 P [&,v]

) |
@) Gpoint ) J
ABW%UW@ Chuse huglor ", AHids. [ta,] o n yﬁﬁ
6? L@Ogﬂ 1‘\= l?_%iﬁ 5 S/ij Po{n%‘)‘ ‘(:0) {\):{‘0-1-1\, ’{)’:—)34-.?1;},,
) -~£&’-’ J(‘o+1’.)'7) 'Y ﬁ,zb
Set "é‘ = "jo’*'?(k)oy‘})lﬁ / 82: A+ N (3))"(‘,7)—\

N ULOK? revyous )am'rﬁL %
" @M =¥ (‘M ﬁﬂ\. I oSt maty Xzo]ze




@ \J*@W’]'Ubf ;)om‘y wheve f(3)z0
H-Qﬂ‘)oa‘ ’)COV%)«O{A)'% 3/04’06? 0‘]'0 ‘F(Incjl'/ov)y

W ulﬂ funchon £ inikyas uess X, (l’°f”7t il el

o a oof )
NéoY\Hfs Give, 9vess X agis find o }ZW :

&WYOWM)QO» to £ aboud X, Sot X1, «Eolxo P }90
W lneay approx  Urosses s

Obsoation,  o7ash A 2= 8y) 15 4 wfacp

h 3 Space (orap) of G=fR f1 & Qe i 3 Yece)

?@@w how % pmymcenl ‘Hwb
Tt basle: Y,Qag}/@ % );(f* (X‘)@

(’ﬂi ) 4)

_———




Math 100C — WORKSHEET 10
MULTIVARIABLE CALCULUS

1. PLOTTING IN THREE DIMENSIONS
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(1) % Plot the points (2, 1,3), (—2,2,2) on the axes pro-
vided.
CEYC N
(2) Let f(z,y) = e* ¥, Hoy1) = e =2, 0, X)= e
(a) * What are f(0,—1)? f(1,2)? Plot the point
(0,1, f(0,1)) on the axes provided.
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(b) * What is the domain of f (that is: for what (z,y)
values does f make sense?

Al o b -y ]v(a»e.

(c) * What is the range of f (that is: what values
does it take)?
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(3) xx What would the graph of z = \/1 — 12 — y?_look

like?
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(4) * Which plane is this? o ‘h
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S = \porhial
2. PARTIAL DERIVATIVES
(5)a) x Let f(z) = 22* — a® — 2. What is %?

call
%"X‘ = er

(b) % Let f(z) = 22? — y? — 2 where y is a constant.
What is 47
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(¢) % Let f(z,y) = 22? — y* — 2. What is the rate
of change of f as a function of x if we keep y
constant”’
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(d) * What is 8f ?
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(7) The the gravitational potential due to a point mass
M (equivalently the electrical potential due to a point
charge M) is given by the formula U(x, y, 2) :"Q;M_—

where r = \/ z? + y? + 22. Here G is the universal

gravitational constant (equivalently G is the Coulomb

constant).
(a) » The :Iz—component of Lhe field is given by the
formula Fy(x,y,z) = . Find F

- =2 (& g /
Ubysd) ==(x5y'r) TgH - (I)GIM L) (¢ ry*%)&x

GN "“”')5)1 _b

(X#\,f-IS

(b) * The magnitude of the field is given by |F '

\/F2 + F2 + F2. How does it decay as a functlon
of r?
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(8) The entropy of an ideal gas of N molecules at tem-
perature 7' and volume V' is

1/(v—1)
S(N,V.T) = Nklog [VT } |

N®
where k is Boltzmann’s constant and =y, ® are con-
stants that depend on the gas.

(a) x Find the heat capacity at constant volume Cv =
T@S :
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(b) x % % Using the relation (“ideal gas law”) PV =
NKT write S as a function of N, P, T instead.
Differentiating with respect to T' while keeping
P constant determine the
heat capacz’ty at constant pressure Cp = T%
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(6) Find the partial derivatives with respect to both z,y
of

(a) x g(z, y) = 3y”sin(z + 3)
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(b) % h(z,y) = ye’™ + B
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(9) We can also compute second derivatives. For exam-

ple fzy = (gi ) 3 a == f. Evaluate:
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(b) x hay = 8228}2 - 34 (AWLRAXV) = (aﬁ(é * A%X \{C)CAX‘:’
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(c) *x hyz = 8‘12% _QX ((P—ﬁxw)f, )= (A)l-rA\Q-yA,l\((’L)g[
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(10) You stand in the middle of a north-south street (say
Health Sciences Mall). Let the z axis run along the
street
(say oriented toward the south), and let the y axis
run across the street. Let z = z(z,y) denote the
height of
the street surface above sea level.

(a) * What does ’g’fj = 0 say about the street?

‘)%] 5')‘&247/* s awe)

(b) * What does -g—;— = (.15 say about_the street? .
A S+f,w!* hao a 9 2l & 157 for QVQry M We
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(c) » You want to follow the street downhill. Which
way should you go?

Morth

(d) The intersection of Health Sciences Mall and Agron-
omy Road is a local maximum.
What does that say about —% and g—; there?



