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Pnvysics 231

MissSION 1: VECTORS, PATHS, ONE-DIMENSIONAL MOTION (20+4)PTS

Your solutions should be neat, correct and complete. Full credit is not necessarily attained from the
' correct answer, you can lose points if the solution is not readable. Your solution should be readable to
someone who has not read the problem statement. If I have to think about what your calculation means
then it’s not complete. Numerical answers must be given in scientific notation for credit to be awarded.

Missing or incorrect units on your answer automatically deducts % of the credit. Finally, the answer

must be boxed when there is a particular answer to find. Derivation problems are exceptions to this rule.

Recommended Homework from Textbook (Serway):
Chapter 2 #'s 9, 11, 29, 39 & Chapter 3 #'s 15, 17, 35, 37.

Recommended Homework from Recommended Textbook (Young & Freedman, 9th ed):
Chapter 1 (vectors and conversion) #'s 27, 31, 35, 37, 41, 51, 60, 67

Chapter 2 (1D-motion) #'s 9, 15, 17, 19, 23, 27, 35, 37, 41, 45 47, 51, 55, 57, 61 65, 67, 71, 73 75 77

Suggested Reading You may find the following helpful resources beyond lecture,

(a.) Lectures 2 and 5 as posted on the course website,

(b.) Chapters 1, 2 and 3 of the required text.

Problem 1: (2pts) Let A = (3,4) and B = (12,9). Find 4, B, A, B and £(4, B).
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Problem 2: (2pts)Let A be a vector of length 10 with standard angle 6 = 110°. Let B = 4% — 10y.
Find the magnitude and direction of C'=2A — B.

/: AL ws @, sin@) = 10 1o, 108 110) = & 342,945

C =aA-B = a<-3.43 9.40) - <4, -10>
= {al-342) -4, A(2.46) + |0>

C = '\-/Ee”é"—’“"—l'ﬁ’OvS] t©= lig63°

© = 90"+ ton ' (L2) = 0% 20.63°
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Problem 3: (2pts) You are given the angles in the diagram below are 8; = 44°, #; = 30° and 03 = 59°

2 aa

(a.) find Ay, Ay, By, By, Cy, Cy for which
A= (A1, As), and B = (By, By) and C = (C}, Cy).

(b.) Suppose D = A+ B + C. Find a vector

) - = A (120 m)
in the direction of D of length 20 m.

(o) A= Clamgen3s’, 1am cas 30 Y = (6, 10.3Dm
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(b.) D=R+8+2

= (6+10.79 -3.09, 10.39-10.42~ .19 )M
< 13.7my =S.13m> = D =B.D =y214.9Z 4.6 Ym
q 2.3m, =S itmy = {0.936,70.353>% <b%;0.35)
26 g = 20 <0.94 ~0,35> = [(18.3,-7)]
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Problem 4: (2pts) A triangle PQR is formed by the triple of points P = (1,1,1) and @ = (0,2,0)
and R = (3,2,7). Find the lengths and angles of this triangle. Present your answer as a
picture with the sides and angles labeled neatly (you do not need to draw it to scale or
perspective, please use vectors to solve this problem)

. Q

P"é=@-f’=<*'7';"i>
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Problem 5: (2pts) A mouse travels the edge of a 12ft by 12ft room with corners we shall label

A, B,C, D for convenience. Beginning at corner A and travelling to the diagonally oppo-
site corner C'. Then the mouse climbs some curtains near a shelf which is placed in the

Y corner C' some 6ft off the floor and jumps to the corner shelf to get some cheese which
sitting on the shelf.
(a.) what distance to the mouse travel ?
(b.) using A as the origin (0,0, 0), what is the displacement of the mouse ?

(for specificity, let us place C' at (12ft,12ft,0))

(c.) ahamster assassin is on top of a doll house at corner B and his position is (12, 0, 2ft).

A what angl the horizontal does the hamster assassin need to aim his laser
gun to shoot the myuse ?
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Problem 6: (2pts) A ferry transports tourists between three islands. It sails from the Island of
Brandon to the Island of Magaga, 4.76 km away, in a direction 37.0° north of east. It
then sails from the Island of Magaga to the Isle of Swanson in a direction in a direction

) 69° west of north. Finally it returns to the Island of Brandon sailing in a direction of 28°
east of south.

SWOL"‘JO/\ ; ,
(a.) Calculate the distance between Brandon andﬂagag’a, ( S. (‘?‘? km )
(b.) Calculate the distance betw?en Magaga and Swanson. ( @,qq km )
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Problem 7: (2pts) Suppose we have three vectors A, B c all of which are perpendlcular to one an-

other; Z(A, B) = 90°, Z(A,C) = 90°, Z(B, C) =90° Let D= A+ B+ C. Prove
that:

\ D? =A%+ B? +(C?
where A, B, C' denote the magnitudes of A, B, C respectively. Hint: do not attempt a

picture. Instead, use D? = DD and the properties of the dot-product to formulate your
solution.
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Problem 8: (2pts) Suppose 7(t) = (at, B cos(kt), Bsin(kt)) gives the position at time ¢ for a particle
where «, 3, k are constants.
~ (a.) calculate the velocity at time ¢,
(b.) calculate the acceleration at time t,

(c.) « =2m/s and B = 3m and k = 27/s find the disdacement of the particle from
t=0tot=23s.

(d.) Calculate the distance travelled from ¢ = 0 to ¢ = 3 s (may use numerical integrator
for integration here if you wish)
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Problem 9: (3pts) Consider the graph of velocity verse time given below.
I Y
(a.) What is the displacement of the

~ particle over the time interval area = 'i(bo"fe) (h ¢ lﬁ M)

—3s<t<3s7?

+rian 9 (e

o :SZO& = (46)0) ¢ L61e))m = [7.57]

(b.) What is the distance
travelled over the time
interval —3s<t<3s?

£ 3, 6 [ :
= j I V’Ou‘ = ( 7 7) 5m7
-BS 1 Velocity (m/s)
(c.) Given z = 1.0m when t = —3s.

Graph the position and acceleration , ‘
on the given graph. ' - '°§ ;
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Problem 10: (1pts) If a flea can jump straight to a height of 0.420m, what is it initial speed as it
leaves the ground ? Also, how much time is it in the air ?
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Problem 11: (2pts) A physics student with too much free time drops a watermelon from theszeod of a

building. He hears the sound of the watermelon going ”splat” 2.34 s later. How high is
the building ? Assume the speed of sound is 340m/s in the day in question.
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Problem 12: (2pts) A subway train starts from rest at a station and accelerates at 1.75m/s? for 12.0 s.

o~ It runs at constant speed for 75.0 s and slows down at a rate of 3.90m/s? until it stops
o at the next station. Find the total distance covered. v (i
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(Bonus) A ninja hound may run a total distance of 51.749 kilometers from where it was
summoned by Kakashi. Let us suppose Kakashi gives it instructions to run along a spiral
with equations = = tcos(t),y = tsin(t) (these are implicitly in kilometers and minutes).
How long does Kakashi’s hound run before it must return to the dog world from whence
it came? Assume the motion starts at ¢ = 0. You may use technology to perform the

needed integration.
= (ot , Fond >
< tost — 7&‘4'}/\7%/ Sind + tewd )

<{

vV = \[ (cost »}fﬁnt)zwL (ffn:tw-;fcod};

2 N
S(#) = j\f(co;f ~Tiinz)* + (sinT £ Tesz)? olT
o

et

= t / 2. 2z ' j !
- J\ \[COJ [ -~ Q}JTI T+ 7T 4" +Jin zzﬂf‘o?* flesT +7 car 2z oll
0 o '
= fo VI + 7% dT
| +T 2= | ranh *f =cah 4

4 y

I COJ/)Zé c/ﬁ
f t=guh ¢ J
é‘ j (/ + wosh (28)) d4 b = suh ~’/,2;“)

( ,J‘f‘/hlf\(zd)l) Vnﬁé{é/raﬂ/ﬁéwféé
= L(sinh™ (4 + £ ) cohd, =T+

L7949 = J-(fm/?"a/—/- A7)
1. 749 ~f{,77‘% = [t =1p.005]

Py ¢
dl = cosh ¢4¢

i

)

M-




