20S-MATH32A-3 Midterm 2

SAMUEL ALSUP

TOTAL POINTS

89/100

QUESTION 1
Frenet Formulas 25 pts

1.1 Arc length function 10/ 10

v + 2 pts Correct velocity r'(t) = &It;-5sin(t), -4cos(t),
3cos(t) >
v + 2 pts Correct speed lIr(t)ll =5
v + 2 pts Correct arc length integral s = int_0"t
(speed) d tau. Full points even if the speed is
incorrect.
v + 4 pts Obtains s = 5t

+ 1 pts Has incorrect bounds in the arc length
integral.

+ 2 pts Has incorrect speed but carries out the

calculation with the correct formula for arc length.

1.2 Unit Tangents/5

v + 2 pts Divides r'(t) obtained in Part (a) by the
speed lIr'(t)ll obtained in part (a)
v + 3 pts Gets T = &lt;-sin(t), -4/5cos(t), 3/5cos(t)>. 1
Point is awarded for each correct component. May
also answer in arc length parametrization T = &lt;-
sin(s/5), -4/5cos(s/5), 3/5cos(s/5)>. Full points also
awarded if r'(t) or lIr'(t)ll from Part (a) is incorrect but
the procedure is correct.

+ 2 pts 2 out of 3 components of T are correct

+ 1 pts 1 out of 3 components is correct.

+ 0 pts No points awarded.

1.3 Curvature and unit normal 10/ 10
v + 2 pts PARTIAL CREDIT: Correctly computes
dT/ds = 1/5\*&lt;-cos(t), 4/5 sin(t), -3/5 sin(t) >. May
also express answer in terms of arc length
parametrization: dT/ds = 1/5\*&lt;-cos(s/5), 4/5
sin(s/5), -3/5 sin(s/5)>. Full points are awarded if
kappa and N are correct, but the student computed

these without computing dT/ds explicitly.
v + 4 pts Obtains \\kappa = 1/5
v + 4 pts Computes N = &lt;-cos(t), 4/5 sin(t), -3/5
sin(t)>. May also express answer in terms of arc
length parametrization: N = &lt;-cos(s/5), 4/5 sin(s/5),
-3/5 sin(s/5)>.

+ 0 pts No partial credit.

QUESTION 2
2 Limits 10/10

+ 3 pts Made some remark that it was insufficient to
test along lines, but was vague, too brief, or partially
wrong
v + 5 pts Stated that it was insufficient to test along
lines to show that a limit exists, since the limit may
be different along other paths. Also give points if
student said that this method is only sufficient to
determine nonexistence
v + 2 pts Converted to polar
v + 1 pts Correctly bounded the part of the function
depending on theta
v + 2 pts Applied the squeeze theorem (needed to
do this to get full credit)

+ 2 pts Wrote something correct but missed the
points above

+ 0 pts No credit (e.g. claimed limit does not exist)

QUESTION 3
Continuity 15 pts

3.1Domaina/s

+ 5 pts Correct domain (all points EXCEPT y = 0 and
x/y = pi/2 + k pi, k an integer)

v + 4 pts Did not restrict enough values for tan OR

restricted too many values of tan OR wrote (cos(x/y)

unequal to 0) and did not get explicit domain



restriction (but otherwise correct)

+ 3 pts Got tan restriction correct but forgot y
unequal to O

+ 2 pts Only restricted y unequal to O

+ 0 pts No credit (e.g. did not give a set of points in
R"2)

3.2 Continuous? 3/5
v + 3 pts Stated same domain as above (give credit
even if answer to first question is wrong). Also give
credit if domain here was correct but is wrong
above. (l.e. this part is for establishing where
function is undefined and thus not continuous)

+ 2 pts Explained that the function is a composition
of continuous functions and/or that both x/y and tan()
are continuous where defined (must argue these
somehow, otherwise you're just asserting that the
function as a whole is continuous without justification)
To get this part had to mention that x/y IS continuous
where defined.

+ 0 pts No credit

3.3Limits/s
v + 5 pts =1, student appealed to continuity, or at
least implied this by showing (pi,4) belonged to the
set given in (b)

+ 4 pts =1. student's justification was unclear, maybe
just saying that the point belonged to the domain (but
not explicitly saying that the function was continuous
at that point)

+ 3 pts =1, student did not give correct justification

+ 2 pts Student appealed to continuity but got the
answer wrong or did not fully solve the limit

+ 0 pts No credit

QUESTION 4
Partial and directional derivatives 25 pts

4.1 Partials 5/5
v + 2.5 pts $$\frac{\partial f{\partial x} = 3x"2 - 3$$
v + 2.5 pts $$\frac{\partial f)i{\partial y} = -6y*2 + 6y$$

- 1 pts Small algebra mistake

- 2 pts Two small algebra mistakes

4.2 Gradients/5

v + 2.5 pts $$\nabla f = \langle \frac{\partial f}{\partial
x}, \frac{\partial f)}{\partial y} \rangle $$
v + 2.5 pts $$\nabla f = \langle -3, -12 \rangle $$, or a
correct gradient given your computations from (a)

- 1 pts Small algebra mistake

- 2 pts Two small algebra mistakes

4.3 Directional derivative 5/5

v + 2 pts Computed unit vector $$\vec{u} = \langle
\frac{3){5}, \frac{4)}{5)\rangle$$ in the direction of
$$\vec(v)}$$
v + 2 pts $$D_{\vec{v}}f(0,-1) = \nabla f_{(0,-1)} \cdot
\vec{u}$$
v + 1 pts $$D_{\vec{v}}f(0,-1) = \frac{-57)}5)$$, or
correct given previous computations

- 1 pts Small algebra mistake

- 2 pts Two small algebra mistakes

+ 3 pts (partial) Dotted the gradient with $$\vec{v}$$
instead of with $$\vec{u}$$

4.41soclines/s

v + 3 pts Must walk perpendicular to the gradient
v + 1 pts Direction vector will satisfy $$\langle v_1,
v_2 \rangle \cdot \langle -3, -12\rangle = 0$$

v + 1 pts Any nonzero vector of the form $$\langle
-4c, c\rangle$$ works.

+ 0 pts Blank or incorrect

4.5 Max slope 2/5

+ 2 pts Maximum value of the direction derivative is
the magnitude of the gradient

+ 2 pts At $$(0,-1$$, $$/I\vec{\nabla{fjjil =
\sqrt{153)$$

+1 pts $$\sqrt(153} < 13$$, so the directional
derivative cannot be greater than $$13$$

- 1 pts Small algebra mistake

+ 0 pts Blank or incorrect
v + 2 pts (partial) Correct answer but no justification

or incorrect justification.



The direction derivative can be greater than 12.

QUESTION 5
Contour 25 pts

5.1 Gradients 6/10

+ 10 pts Correct
+ 2 pts One perpendicular

v + 4 pts Both perpendicular

v + 2 pts One points in right direction
+ 4 pts Both point in right direction
+ 2 pts Lengths scaled
- 1 pts Drawing mistake

+ 0 pts Incorrect or unclear

5.2 Reasoning 4/5
v + 5 pts Correct
v -1 pts Length argument wrong
+ 2 pts Recognized role of steepest ascent
+ 1 pts Only addressed length
+ 0 pts Not correct
+ 2 pts Recognizes perpendicular to level curve

- 2 pts Wrong wording for directions

5.3 Geometry 5/5
v + 5 pts Correct
+ 0 pts Wrong geometry

54Near15,155/5
v + 5 pts Correct
+ 0 pts Wrong geometry
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MATH 32A MIDTERM #2 May 13, 2020

Name: ol Allu? m: 0S5 171 633

SIGNATURE: W

To get credit for a problem, you must show all of your reasoning and calculations. You may
consult your books, notes, calculator, any materials from the CCLE site, the professor, or

your TA. You may not collaborate or ask questions online. | Bozx your final answer.J

If you cannot find a vector that you need for a later part of a problem, you may use the
vector (1,2,3).

If you cannot find a point that you need for a later part of a problem, you may use the point
(1,1,1).

Circle your section:

Section: Tuesday: Thursday: TA:
24 2B Alezander Johnson
2C Francis White
2F 2F Jason Snyder

Problem | Possible | Points
1 25
2 10
3 15
4 25
5 25
Total 100




MATH 32A MIDTERM #2 ‘MAay 13, 2020

1. (25 points)
7(t) = (5cos(t), —4sin(t), 3sin(t)).

(a) (10 points) Find the arc length starting from t = 0 as a function of t.
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1.1 Arc length function 10/ 10
v + 2 pts Correct velocity r'(t) = &lt;-5sin(t), -4cos(t), 3cos(t) >
v + 2 pts Correct speed llr(t)ll = 5
v + 2 pts Correct arc length integral s = int_0"t (speed) d tau. Full points even if the speed is incorrect.
v + 4 pts Obtains s = 5t
+ 1 pts Has incorrect bounds in the arc length integral.

+ 2 pts Has incorrect speed but carries out the calculation with the correct formula for arc length.
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MATH 32A MIDTERM #2 May 13, 2020

(b) (5 points) Find the unit tangent /A

T o) [=550 () M aslh), Stalt) >

I > — .

/
o))

Z-so}[é) -SLQ)L(;) ——a,)

(c) (10 points) Find the curvature and unit normal N.
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1.2 Unit Tangent 5/5
v + 2 pts Divides r'(t) obtained in Part (a) by the speed lIr'(t)ll obtained in part (a)
v + 3 pts Gets T = &lt;-sin(t), -4/5cos(t), 3/5cos(t)>. 1 Point is awarded for each correct component. May also
answer in arc length parametrization T = &lt;-sin(s/5), -4/5cos(s/5), 3/5cos(s/5)>. Full points also awarded if r'(t)
or lir'(t)ll from Part (a) is incorrect but the procedure is correct.
+ 2 pts 2 out of 3 components of T are correct
+ 1 pts 1 out of 3 components is correct.

+ 0 pts No points awarded.
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MATH 32A MIDTERM #2 May 13, 2020

(b) (5 points) Find the unit tangent /A

T o) [=550 () M aslh), Stalt) >
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/
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(c) (10 points) Find the curvature and unit normal N.
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1.3 Curvature and unit normal 10/ 10
v + 2 pts PARTIAL CREDIT: Correctly computes dT/ds = 1/5\*&lt;-cos(t), 4/5 sin(t), -3/5 sin(t) >. May also express
answer in terms of arc length parametrization: dT/ds = 1/5\*&lt;-cos(s/5), 4/5 sin(s/5), -3/5 sin(s/5)>. Full points
are awarded if kappa and N are correct, but the student computed these without computing dT/ds explicitly.
v + 4 pts Obtains \\kappa = 1/5
v + 4 pts Computes N = &It;-cos(t), 4/5 sin(t), -3/5 sin(t)>. May also express answer in terms of arc length
parametrization: N = &lt;-cos(s/5), 4/5 sin(s/5), -3/5 sin(s/5)>.

+ 0 pts No partial credit.
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MATH 32A MIDTERM #2 MAay 13, 2020

2. (10 points) Snape says “We have
?+zy+y? 0

lim
(zy)=(00) /22 + y?

because when we test against lines y = mx, we always get 0. Therefore the limit exists
and is zero.” What’s wrong with this argument? Please provide a correct argument.
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2 Limits 10/10

+ 3 pts Made some remark that it was insufficient to test along lines, but was vague, too brief, or partially wrong
v + 5 pts Stated that it was insufficient to test along lines to show that a limit exists, since the limit may be
different along other paths. Also give points if student said that this method is only sufficient to determine
nonexistence
v + 2 pts Converted to polar
v + 1 pts Correctly bounded the part of the function depending on theta
v + 2 pts Applied the squeeze theorem (needed to do this to get full credit)

+ 2 pts Wrote something correct but missed the points above

+ 0 pts No credit (e.g. claimed limit does not exist)
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MATH 32A MIDTERM #2 MaAy 13, 2020

3. (15 points) Let
f(z,y) = tan(z/y)
(a) What is the largest possible domain of f(x,y)? Why?
The AM’VM‘\ of ‘IW\’QI\* 14 any voloe et (;5[)(/7) 1 not 1({%\ fo O Nk7(J nok 6(&04“0 (-

r \ N ~M Y" d. t
g brease 1 f <os(x/7) ¥ %vr\)\ t 0 'l'ﬁ(\c/y) 5 %5—[—;[?) A be divedssg by 4 wheida 1)

wabaad - Thf i dse pe cafe for 'J'Q’\‘]T) 0 qhq i lo Fangd o€ L fetmid acabe,

ju fe dimenn ' Zéi/?\ im l CoS 37’ 0”77[0\5

r—“"”’" A e "N\
u ‘/>< IKLI £ 4 ‘LMT’M[ Y 7/0 vhere !\rSW\)"'\‘k’jQ/‘

(b) Where is the function continuous and why?

X
To fonckity 0 contyygus VS NP EE Y (l;,') ;z[O el 75 oidve e Ty 7/ :LJ{T

-

'TchfLJ/ )J ledca o3 'h.,,& ‘{'LQ'G/{;C{(M(I %(NWWJW j"{o §t W{M

4 Y
'hai Jr(l;\r&(okw\luuloq @(’) (R \77(OL-A 7/ nn’s tJ'Q/er\U \

(c) Find
carstnn Y Gfoud 512
with justification. «f 2
{(XMBQ (,0*'\1‘“\1\!/(/050\/( (k,"): (7'7 L{) /gx/we Con
st plog ok
: ) &
I ) b &= 2005
(w)ﬂ[ﬁrq) Cojl{(’) :1 wl



31Domain 4/5
+ 5 pts Correct domain (all points EXCEPT y = 0 and x/y = pi/2 + k pi, k an integer)
v + 4 pts Did not restrict enough values for tan OR restricted too many values of tan OR wrote (cos(x/y)
unequal to 0) and did not get explicit domain restriction (but otherwise correct)
+ 3 pts Got tan restriction correct but forgot y unequal to O
+ 2 pts Only restricted y unequal to O
+ 0 pts No credit (e.g. did not give a set of points in R*2)

Page 14



MATH 32A MIDTERM #2 MaAy 13, 2020

3. (15 points) Let
f(z,y) = tan(z/y)
(a) What is the largest possible domain of f(x,y)? Why?
The AM’VM‘\ of ‘IW\’QI\* 14 any voloe et (;5[)(/7) 1 not 1({%\ fo O Nk7(J nok 6(&04“0 (-

r \ N ~M Y" d. t
g brease 1 f <os(x/7) ¥ %vr\)\ t 0 'l'ﬁ(\c/y) 5 %5—[—;[?) A be divedssg by 4 wheida 1)

wabaad - Thf i dse pe cafe for 'J'Q’\‘]T) 0 qhq i lo Fangd o€ L fetmid acabe,

ju fe dimenn ' Zéi/?\ im l CoS 37’ 0”77[0\5

r—“"”’" A e "N\
u ‘/>< IKLI £ 4 ‘LMT’M[ Y 7/0 vhere !\rSW\)"'\‘k’jQ/‘

(b) Where is the function continuous and why?

X
To fonckity 0 contyygus VS NP EE Y (l;,') ;z[O el 75 oidve e Ty 7/ :LJ{T

-

'TchfLJ/ )J ledca o3 'h.,,& ‘{'LQ'G/{;C{(M(I %(NWWJW j"{o §t W{M

4 Y
'hai Jr(l;\r&(okw\luuloq @(’) (R \77(OL-A 7/ nn’s tJ'Q/er\U \

(c) Find
carstnn Y Gfoud 512
with justification. «f 2
{(XMBQ (,0*'\1‘“\1\!/(/050\/( (k,"): (7'7 L{) /gx/we Con
st plog ok
: ) &
I ) b &= 2005
(w)ﬂ[ﬁrq) Cojl{(’) :1 wl



3.2 Continuous? 3/5
v + 3 pts Stated same domain as above (give credit even if answer to first question is wrong). Also give credit if
domain here was correct but is wrong above. (l.e. this part is for establishing where function is undefined and
thus not continuous)

+ 2 pts Explained that the function is a composition of continuous functions and/or that both x/y and tan() are
continuous where defined (must argue these somehow, otherwise you're just asserting that the function as a
whole is continuous without justification) To get this part had to mention that x/y IS continuous where defined.

+ 0 pts No credit
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MATH 32A MIDTERM #2 MaAy 13, 2020

3. (15 points) Let
f(z,y) = tan(z/y)
(a) What is the largest possible domain of f(x,y)? Why?
The AM’VM‘\ of ‘IW\’QI\* 14 any voloe et (;5[)(/7) 1 not 1({%\ fo O Nk7(J nok 6(&04“0 (-

r \ N ~M Y" d. t
g brease 1 f <os(x/7) ¥ %vr\)\ t 0 'l'ﬁ(\c/y) 5 %5—[—;[?) A be divedssg by 4 wheida 1)
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(b) Where is the function continuous and why?

X
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-
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(c) Find
carstnn Y Gfoud 512
with justification. «f 2
{(XMBQ (,0*'\1‘“\1\!/(/050\/( (k,"): (7'7 L{) /gx/we Con
st plog ok
: ) &
I ) b &= 2005
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3.3Limits/s

v + 5 pts =1, student appealed to continuity, or at least implied this by showing (pi,4) belonged to the set given
in (b)

+ 4 pts =1. student's justification was unclear, maybe just saying that the point belonged to the domain (but not
explicitly saying that the function was continuous at that point)

+ 3 pts =1, student did not give correct justification

+ 2 pts Student appealed to continuity but got the answer wrong or did not fully solve the limit

+ 0 pts No credit
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MATH 32A MIDTERM #2 MAy 13, 2020

4. (25 points) Consider the function

flz,y) =2 -3z —2° + 3> - 1

of of
oz & oy’

(b) Find Vf at the point 0,-1).

SO _ X o
V€ ctiamtlons 3 (1) 56 @

(c) If U = (3,4), then find the directional derivative of f in the direction of ¥ at the

point (0, —1).
= 3
Gaumada |9l e ler= s s 9= €4 = L5,%
Dt 0 = 3,25 £35S = -3+ = [
!

Tu,1) vl it o T
(d) At the point (0,—1), what is a direction you could begin to walk in if you want to
walk along an isocline (i.e. leaving the height unchanged)?

%‘F = é,“} -\2{3 gord 3 h{&rrndm,‘ &WNHUM(MTF&QQ,K,&MM.(MMA.“@‘W_
/

fu,‘ f)

L3 tye &1y = noteep, {Pare G

(¢) Are there any directions i where the directional derivative Dyf(0,—1) is greater
than 137 R

'/ () 4 /{)/' ‘) " Z’ 3,—‘1X L\ j 5> 13 Na"()q_f‘.(mlo ‘I:o jrru}"){ ‘““\(NJ U\E LA
b 012, e 5 20,41




4.1Partials 5/5
v + 2.5 pts $$\frac{\partial f{\partial x} = 3x*2 - 3$$
v + 2.5 pts $$\frac{\partial f)i{\partial y} = -6y"2 + 6y$$
- 1 pts Small algebra mistake

- 2 pts Two small algebra mistakes
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MATH 32A MIDTERM #2 MAy 13, 2020

4. (25 points) Consider the function

flz,y) =2 -3z —2° + 3> - 1

of of
oz & oy’

(b) Find Vf at the point 0,-1).

SO _ X o
V€ ctiamtlons 3 (1) 56 @

(c) If U = (3,4), then find the directional derivative of f in the direction of ¥ at the

point (0, —1).
= 3
Gaumada |9l e ler= s s 9= €4 = L5,%
Dt 0 = 3,25 £35S = -3+ = [
!

Tu,1) vl it o T
(d) At the point (0,—1), what is a direction you could begin to walk in if you want to
walk along an isocline (i.e. leaving the height unchanged)?

%‘F = é,“} -\2{3 gord 3 h{&rrndm,‘ &WNHUM(MTF&QQ,K,&MM.(MMA.“@‘W_
/

fu,‘ f)

L3 tye &1y = noteep, {Pare G

(¢) Are there any directions i where the directional derivative Dyf(0,—1) is greater
than 137 R

'/ () 4 /{)/' ‘) " Z’ 3,—‘1X L\ j 5> 13 Na"()q_f‘.(mlo ‘I:o jrru}"){ ‘““\(NJ U\E LA
b 012, e 5 20,41




4.2 Gradient5/5
v + 2.5 pts $$\nabla f = \langle \frac{\partial f)}{\partial x} , \frac{\partial f)}{\partial y} \rangle $$
v + 2.5 pts $$\nabla f = \langle -3, -12 \rangle $$, or a correct gradient given your computations from (a)
- 1 pts Small algebra mistake

- 2 pts Two small algebra mistakes
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MATH 32A MIDTERM #2 MAy 13, 2020

4. (25 points) Consider the function

flz,y) =2 -3z —2° + 3> - 1

of of
oz & oy’

(b) Find Vf at the point 0,-1).

SO _ X o
V€ ctiamtlons 3 (1) 56 @

(c) If U = (3,4), then find the directional derivative of f in the direction of ¥ at the

point (0, —1).
= 3
Gaumada |9l e ler= s s 9= €4 = L5,%
Dt 0 = 3,25 £35S = -3+ = [
!

Tu,1) vl it o T
(d) At the point (0,—1), what is a direction you could begin to walk in if you want to
walk along an isocline (i.e. leaving the height unchanged)?

%‘F = é,“} -\2{3 gord 3 h{&rrndm,‘ &WNHUM(MTF&QQ,K,&MM.(MMA.“@‘W_
/

fu,‘ f)

L3 tye &1y = noteep, {Pare G

(¢) Are there any directions i where the directional derivative Dyf(0,—1) is greater
than 137 R

'/ () 4 /{)/' ‘) " Z’ 3,—‘1X L\ j 5> 13 Na"()q_f‘.(mlo ‘I:o jrru}"){ ‘““\(NJ U\E LA
b 012, e 5 20,41




4.3 Directional derivative 5/5
v + 2 pts Computed unit vector $$\vec{u} = \langle \frac{3){5}, \frac{4)}{5)\rangle$$ in the direction of
$$\vec(v}$$
v + 2 pts $$D_{\vec{v}}f(0,-1) = \nabla f_{(0,-1)} \cdot \vec{u}$$
v + 1 pts $$D_{\vec{v}}f(0,-1) = \frac{-57){5)$$, or correct given previous computations
- 1 pts Small algebra mistake
- 2 pts Two small algebra mistakes
+ 3 pts (partial) Dotted the gradient with $$\vec(v}$$ instead of with $$\vec{u}$$
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MATH 32A MIDTERM #2 MAy 13, 2020

4. (25 points) Consider the function

flz,y) =2 -3z —2° + 3> - 1

of of
oz & oy’

(b) Find Vf at the point 0,-1).

SO _ X o
V€ ctiamtlons 3 (1) 56 @

(c) If U = (3,4), then find the directional derivative of f in the direction of ¥ at the

point (0, —1).
= 3
Gaumada |9l e ler= s s 9= €4 = L5,%
Dt 0 = 3,25 £35S = -3+ = [
!

Tu,1) vl it o T
(d) At the point (0,—1), what is a direction you could begin to walk in if you want to
walk along an isocline (i.e. leaving the height unchanged)?

%‘F = é,“} -\2{3 gord 3 h{&rrndm,‘ &WNHUM(MTF&QQ,K,&MM.(MMA.“@‘W_
/

fu,‘ f)

L3 tye &1y = noteep, {Pare G

(¢) Are there any directions i where the directional derivative Dyf(0,—1) is greater
than 137 R

'/ () 4 /{)/' ‘) " Z’ 3,—‘1X L\ j 5> 13 Na"()q_f‘.(mlo ‘I:o jrru}"){ ‘““\(NJ U\E LA
b 012, e 5 20,41




4.4lsoclines/s
v + 3 pts Must walk perpendicular to the gradient
v + 1 pts Direction vector will satisfy $$\langle v_1, v_2 \rangle \cdot \langle -3, -12\rangle = 0$$
v + 1 pts Any nonzero vector of the form $$\langle -4c, c\rangle$$ works.

+ 0 pts Blank or incorrect
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4. (25 points) Consider the function

flz,y) =2 -3z —2° + 3> - 1

of of
oz & oy’

(b) Find Vf at the point 0,-1).

SO _ X o
V€ ctiamtlons 3 (1) 56 @

(c) If U = (3,4), then find the directional derivative of f in the direction of ¥ at the

point (0, —1).
= 3
Gaumada |9l e ler= s s 9= €4 = L5,%
Dt 0 = 3,25 £35S = -3+ = [
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Tu,1) vl it o T
(d) At the point (0,—1), what is a direction you could begin to walk in if you want to
walk along an isocline (i.e. leaving the height unchanged)?

%‘F = é,“} -\2{3 gord 3 h{&rrndm,‘ &WNHUM(MTF&QQ,K,&MM.(MMA.“@‘W_
/

fu,‘ f)

L3 tye &1y = noteep, {Pare G

(¢) Are there any directions i where the directional derivative Dyf(0,—1) is greater
than 137 R

'/ () 4 /{)/' ‘) " Z’ 3,—‘1X L\ j 5> 13 Na"()q_f‘.(mlo ‘I:o jrru}"){ ‘““\(NJ U\E LA
b 012, e 5 20,41




4.5 Max slope 2/5
+ 2 pts Maximum value of the direction derivative is the magnitude of the gradient
+ 2 pts At $$(0,-1)$$, $$I\vec{\nabla{f}}il = \sqrt{153}$$
+1 pts $$\sqrt(153} < 13$$, so the directional derivative cannot be greater than $$13$$
- 1 pts Small algebra mistake
+ 0 pts Blank or incorrect

v + 2 pts (partial) Correct answer but no justification or incorrect justification.

The direction derivative can be greater than 12.
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5. (25 points) Consider the contour plot of a function f(x,y) given in the picture.

(a) (5 Points each) Draw vectors on the picture indicating the gradients at (3,3) and

at (1,1). Clearly indicate the directions and make sure your pictures indicate any
differences in length.

(b) (5 Points) How did you decide on the directions and relative lengths?
T decided o, tre divectin 67 rodeiny The vecta s pr‘hujor\od h e lenel curvey o froi re),veoﬁ&{
ot and feedey te divechin & 34«‘:?9 astant So’,fw (0-5/0.5) M vt v T aolThoe gt dlive cdiia

ks e 2 chidy (, ,)',\gﬁ{sod‘&aﬂ At Aouads th L. Trer- celpectit “’)ﬂu are 1o (afwely g e
o B (o (R g0 e sone curve Sy [ hong B g oo Sloge of & Tigpd [ng ulih 14 g et
[Y ”J R ot jrm‘via"\f-'

§




5.1 Gradients 6/10

+ 10 pts Correct
+ 2 pts One perpendicular

v + 4 pts Both perpendicular

v + 2 pts One points in right direction
+ 4 pts Both point in right direction
+ 2 pts Lengths scaled
- 1 pts Drawing mistake

+ 0 pts Incorrect or unclear
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5. (25 points) Consider the contour plot of a function f(x,y) given in the picture.

(a) (5 Points each) Draw vectors on the picture indicating the gradients at (3,3) and

at (1,1). Clearly indicate the directions and make sure your pictures indicate any
differences in length.

(b) (5 Points) How did you decide on the directions and relative lengths?
T decided o, tre divectin 67 rodeiny The vecta s pr‘hujor\od h e lenel curvey o froi re),veoﬁ&{
ot and feedey te divechin & 34«‘:?9 astant So’,fw (0-5/0.5) M vt v T aolThoe gt dlive cdiia

ks e 2 chidy (, ,)',\gﬁ{sod‘&aﬂ At Aouads th L. Trer- celpectit “’)ﬂu are 1o (afwely g e
o B (o (R g0 e sone curve Sy [ hong B g oo Sloge of & Tigpd [ng ulih 14 g et
[Y ”J R ot jrm‘via"\f-'

§




5.2 Reasoning 4/5
v + 5 pts Correct
v -1 pts Length argument wrong
+ 2 pts Recognized role of steepest ascent
+ 1 pts Only addressed length
+ 0 pts Not correct
+ 2 pts Recognizes perpendicular to level curve

- 2 pts Wrong wording for directions
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(c¢) (5 points each) If this were the topographic map of a mountain range, would you
describe the geography near (0,0) as fairly flat or steep?

TE by wee 0\409014{,}\;L maf o o Menbe rw);,/I wald 405l 714291,:5"71;7 e
J'/i1 af bty {lat freande h{,&w& nc#%glp&m& R { s "walh‘f’w “6) (\Q"")m ty slipe

o h—LMcw“’m \MN\\AJL L’\NL MA/J'\A“\)L kvwit(pom“ - 19.(,(‘&&‘(‘ ‘VN( vt qe ptd“{),é,v ,_‘,,07/5’
Tagrea e (0,0) it e Gurly fiet.

What about near (3, %) ?

T e mw\] . ( 2wl o e desebed <8 ‘Fqirly Steep Lecane fae g p
O R— v/})\m Co& proﬁvﬂ}’ 61& fq ponJr W{mw)u b 5‘0/"'3 fh‘l morvha, Mk(dg? "’i’"}b(}%\f\)
b ed by 'W4 (2 ,> TluJM Sice M lowel cumyen all v, L(ek he mw..mjk 3) ot o
(a. 4(2(_



5.3 Geometry 5/5
v + 5 pts Correct
+ 0 pts Wrong geometry
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(c¢) (5 points each) If this were the topographic map of a mountain range, would you
describe the geography near (0,0) as fairly flat or steep?
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5.4Near15,1.55/5
v + 5 pts Correct
+ 0 pts Wrong geometry
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