Prof. Hughes

Midterm # 1: Physics 131
(Winter 2005, 8:30 Section)

Name: SOLUTIONS
Recitation Instructor:

Theduration of the midterm is48 min.

Therearefour problemsto the midterm.

Put you name on all sheets of paper.

Use the back of the sheetsfor extra space (label your work clearly).

A formula sheet isattached asthelast page. You may remove thisfor ease of use.
Do NOT put any work on the sheet and turn it in with your test.

GOOD LUCK!
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Problem 1[25 pts] A truck istraveling down a straight road with a constant velocity of
20 m/s. A car istraveling down another straight road which is perpendicular to the first
road. The car is accelerating with aconstant 1 m/s” (forward). Att=0thetruckis80m
from the intersection. Neither driver notices the other and the car and the truck collidein
the center of the intersection. At the moment of the collision the car istraveling 15 m/s.
(@) [8 pts] At what time, t, does the collision occur? (b)[8 pts] What is the speed of the
car att=0?(c)[9 pts] How far from the i‘nter‘section isthe car at t=07?
D=~

< >

a—»
V=7 R=80 m

VTT H

a) Thetimeisjust thetimethat it takesthetruck to reach theintersection which is
given by:

t=R/N1=(80m)/(20m/s) =4s.
b) Thevelocity of the car at t=0 can be deter mined from
Ve=Vetat & Ve=Ve—at=15m/s— (Im/s*)(4s) = 11 m/s’
¢) Thedistancethat the car wasfrom the inter section can be deter mined from
D = Vot +%2at? = (11 m/s)(49) + % (1 m/s)(45)°=52m
or another approach is
VZ =VZ +2a(D)
D:(VC2 —V(fc)/2a:52m
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Problem 2 [25 pts] A ball isthrown at avertical brick wall. The ball isinitially 1.5 m
above the horizontal ground, 10 m from the wall and is thrown toward the wall at an
angle of 40° with respect to the ground. It takes 1.0 second for the ball to reach the wall.
(a)[7 pts] What isthe initial speed of the ball? (b)[7 pts] At what distance above the
ground does the ball hit the wall? (c) [7 pts] What is the ball’s velocity (magnitude and
direction) when the ball hits the wall? (d) [4 pts] Did the ball reach its maximum height
beforeit hit the wall?

V=7
@('9:400 R
h4 g

a) Wecan get the velocity from

R=V.,c0s40°t =» V,=R/(cos40°t)=13m/s
b) Oncewe havetheinitial velocity
H=h+V,sin40°t—%gt?=h +R tan 40° - %gt>=5.0m
¢) Thevelocity when the ball hitsthe wall can be determined by components

Vi =V =V,c0s40° =R/t =10 m/s
Vy=Vo -0t =Vosin40°-gt=-14m/s

The magnitude of the of the velocity is
V=] (V2 + (V)2 =101 m/s
the angle below the horizontal is
0 = arctan (JVy)/|V«|) = 8.2° (below the horizontal)

d) Sincethey-component of the velocity is negative when the ball hitsthewall, it
must have passed its maximum height beforeit hitsthe wall.
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Problem 3[25 pts] Two blocks with mass m; = 3.0 kg and m, = 5.0 kg are connected by
amassless and unstretchabl e rope that passes over a massless pulley as shown in the
diagram below. The pulley and surfaces are frictionless. The angle 0 is 30°.

a) [5pts] On the plot above, label al the forces that are acting on each block.
b) [5 pts] Write down Newton’s 2™ law for each block.

) _ : _ Note: If block #1 accelerates down
Block #1: Z F,=FuSnd-T=ma the dlope inits +x direction then

ZF =N-F_cos6=0 block #2 will gccelerateupwiththe
y g same acceleration, therefore

Block#2: » F, =T -F,,=m,a,
=

c) [3 pts] Determine the normal force:

N =Fg cos®=migcos®=25N

d) [6 pts] Determine the acceleration of the blocks.
From Block #2 T = moa+ Fg = moa + myg
substitute thisin the x equation for block #1

mig sin 6 — (mea+my,g) = mia
g(misin 6 —my) = (mp+my)a

a=g (Mmsin 6 — my)/(mo+my) = — 4.3 m/s? (“=” meansit is pointing down)
e) [6 pts] Determine the tension in the rope.

From thefirst equationind) T =my(atg) =28 N

Midterm-1-131-830-4



Prof. Hughes

Name: SOLUTIONS Recitation Instructor:

Problem 4 [25 pts] (Circle your answer)

43) [4 pts] A person standing at the edge of acliff throws one ball straight up and another
ball straight down at the same initial speed. Neglecting air resistance, the ball to hit the
ground below the cliff with the greater speed isthe oneinitialy thrown

1) upward

2) downward

3) neither - they both hit with the same speed €

4b) [4 pts] An elevator istraveling downward with a constant velocity. A person in the
elevator drops a coin. To the person in the elevator the magnitude of the acceleration of
the coin appearsto be

1) a>9.8m/s

2) a=9.8m/s’ €

3) a<9.8m/s

4c) [4 pts] Whileriding in a car that is accelerating forward, you throw an egg straight up
intheair. The egg will land

1) infront of you.

2) straight back down into your hand.

3) behindyou. €

4d) [5 pts] Shown below isabox that is accelerating upward because someone is pulling
on the other end of the rope. Thetensionin theropeis

1) T>mg €

2) T=mg

3) T<mg

a0 | m

4e) [4 pts] Two blocks are stacked on a table, one on top of the other. What can be said
about the normal force on the bottom block due to the table?

1) Itisequal to the weight of the bottom block.

2) Itisequal to sum of the masses of the two blocks.

3) We must have more information.

4) Itisgreater that the weight of the bottom block. €
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4f) [4 pts] Shown below is a position versus time plot for a particle moving in one-
dimension. At no time (shown below) is the acceleration:

1) a>0 €

2) a=0

3) a<0

+X

time
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Useful Equations and Constants:
g=9.8m/s’= 32 ft/s*
me = 9.11 x 10 kg (electron mass)
my=1.67 x 10" kg (proton mass)

a

Prof. Hughes

(4/3)nr® (Volume of asphere)

4nr®  (Surface area of asphere)
2nrL (areaof the sides of a cylinder)
nr’L  (volume of acylinder)

nr? (areaof acircle)

2nr (circumference of acircle)
A+B=(Ax+By)i+ (Ay+By)j +(A+By)k
A-B=(A,—B,)i+ (Ay-By)j+(ABy)k

a+b’=c® :sin0=blc ;cosO =alc; tan O =b/a ; Sin°0 + cos’0 = 1 ; 2sinBcosh = sin20

—b+4b?-4ac

If ax’ +bx+c=0, thenx=

2a

_dar dx dy
V=— bycomponents: v, =— v, =—

dt y P “dt Y
é—ﬂ—dzr by components: a_ = M

dt dt? S dt
Equations of Motion:

X=X, +V,,t+pat?

2

Horizontal Range: R= V—osin 20  ProjectileMotion: y = x(tand,) —
g

Forces:

V, =V,, +at

dz
vV, =—
dt

g Ay _d%y o _dv, d’z
Yoodt dt® t dt dt?

Ve = Vo, + 28, (X X,)

2

¥
2(v,c0s6,)?

>F=md bycomponents: ¥F, =ma, XF =ma, YF,=ma,

Fg=W =mg (Weight)
1N =1kgm/s’

Conversion Factors:

I1mi=1.61km=5280ft 1m=3.28ft

lin=254cm
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