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Spring 2021, Math 1C, Quiz 1
Due: Tuesday 4/20/2021 at 1:30pm (via CANVAS)

H.oobf’sh'f'i_s“mledphyﬂwstaﬁns that the force required to stretch a spring » units from the
equilibrium position is given by F(u) = k - u, where the positive spring constant k measures the stiffness of
the spring. Recall from class that we can set up an experiment to verify Hooke’s law using a spring, masses
of various size, a scale, and a measuring stick. Below are five collected data points relating to Hooks Law.
This data is plotted on a graph in the figure next to the table below. Although the data do not exactly lie
on a straight line, we can create a linear model to fit this data.

l
Displacement u | Applied force f - —
in Meters (m) | in Newtons (N) I
' 0.041 0.100 g
S dad: potck > 0.086 0.197 } --ri —
0.128 0.298 { o]
aeiesy 4 0.173 0.395 i
3 0.218 0.492 Ll

J 1. Set up a model for the error e; between the ith data point (wi, f;) and any associated linear model
flu)=b+k-@)-7 Kneon

In this case, the parameters b, k € R are unknown and the linear function f(u) is the modeled internal
force of the spring in Newtons corresponding to a measured displacement  in meters. Then, using the
model for the errors, set up the least-squares problem for this input data. In particular, create a two
variable function E(b, k) that you can use to solve create the “best-fit” model for this data. Explain in
detail the choices that you made to construct your error function E.
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Can you explain why it’'s easier
to use calculus to optimize a
square function versus
absolute value? How is this
related to the first versus
second derivative tests?
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Nice combination of visual, and symbolic representations: | see

you making connections between various parts of your work!
’d love to see you expand on the verbal part but overall, | can
follow you reasoning here
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Derive an equation for the projection of vector x onto y. Be sure to specifically DEFINE the vector p
and the vector r from the diagram above. Please explain your work. For top scores, please demonstrate
multiple ?mndons of your concept image associated with this derivation.
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and b= (0,1,-1). E:qu.!;utht\nn
- N >
b=p+r
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where paratel to ¢ : to a. Then, use the cosine p

%Mrh..mmtot&p!ﬁn‘wmzwk. Why does this make sense? e

V/o:’edl‘_ﬂgi S oA R i;l”‘JO: S e

St ortheyaaal s

'PL[‘ (S &~ r’(a‘)icfl"" OF C °"- >

~
Se W - R
F :"7,0\).;(1,,) = d.an we Koou Fhedt
32k & ‘
3 v AW'\”'L M <
= ek
2 =) L elegl?
A LF)
' - -\
S AT
= 7o
b=p+r
S
A B

= l
= L"/’/',>—<\'1—,°/’i>
= (”\'/ '{'X?

Careful: Arithmetic error here
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and y = (23,12) be two vectors in R?. Using the diagram below, derive an equation for
parallelogram formed by vectors x and y based only on the components of these vectors
uation should NOT be based on the angle 6 between these vectors). Please explain your
specifically identify the steps you took to arrive at your final answer.
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Once again: great work
describing in words the
ideas behind this math.
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JG (4 points) Under the same assumptions in problem 3 above, suppose that the variable ¢ denotes the
angle between the vectors x,y € R?. Derive a formula for the area of the parallelogram parallelogram
ﬁo:medbyvectorsxmdyasaﬁmctionofﬂmdthetwonormsofthe&vectors Please explain your
answer specifieally identify the steps you took to arrive at your final answer.
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I'd love to push you a little more:

how is the work you’re showing here related
to the idea that we use the cross product to
do two things:

1. As a “measurement of perpendicularity.

2. To take two vectors in 3D and produce a
unique vector that is orthogonal to that vector




