Physics 4A FINAL EXAM Chapters1 - 16 Spring 1999

Name: Posting Code

Solve the following problems in the space provided. Use the back of the page if needed. Each
problem is worth 10 points. You must show your work in alogical fashion startingwith the
correctly applied physical principles which are on the last page. Y our score will be maximized if
your work is easy to follow because partia credit will be awarded.

1. A child runs horizontally of the end of adiving board at a y
speed of 5.00m/s. The diving board is 1.20m above the
water. Find (d)the timethat the childisin the air and (b)the —V>5 00m/s

horizontal distance the child travels before hitting the water.

X,=0 Y, = 1.20m 1.20m

X=7? y =0 X
v, = 5.00m/s =0 .
v, = 5.00m/s v =7

a=0 ay =-9.80m/s’

t=2

(a)Use the kinematic equation without the final speed for the y-direction,

Y=Y, Vot +%ayt2b O:y0+0+%ayt2l3 t:\/-zia/; - 2((1920) p

(b) Use the kinematic equation without the final speed for the x-direction,
X=X, +Vv t+3at’P x=0+v, t+0P x=(5.00)(0.495) b [x =2.48m|,

2. AT0. Okg skier heads down a 12.0" incline with an acceleration of y
1.00m/s?. Find the coefficient of kinetic friction between the skis and
the snow. X

Theforces that act on the skier are the weight, normal force and R
friction. After drawing the free body diagram, apply the Second Law R 12°
to each direction separately, / $F

9

SE =ma, P F S|n12 F,=map Ffr—Fsm12 ma
SE, =ma, b F Fcoslz obp F, —Fcos12 Ny

USI ng the definition of coefficient of frlctlon t

E Fsm12 ma
mo-tpm=—t— . Fir

F F, cos12® —4 $X

Using the mass/wel ght rule,
mgsm12 ma _gsinl2’-a

mgcos12® gcosl?” 12
Plugging in the numbers,

(9 80)sin12°-1.00 b [m =0.108]

(9.80)cos12’
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3. The spring in adart gun is compressed 6.00cm. When the gun is fired vertically, the 30.0g
dart risesto a height of 14.0m. Find the spring constant of the spring in the gun.

MY Using the Law of Conservation of Energy,
V21 S DK+DU=0P (0- 0)+(mgy- 3kx) =0

. Solving for the spring constant,

= 2 2mgy

= mgy =3kx" b k= vl

—Ei Plugging in the values,
after 2(0.0300)(9.80)(14.0
K=0 = 20.030009.80)(14.0) \, F—5556N7m].
U, =mgy +0 (0.0600)?

4. An 85.0kg baseball player jumps verticaly upward to catch a 150g basebal traveling
horizontally at 60.0m/s. The instant before the catch, the player is moving upward at 0.250m/s.
Find the velocity (magnitude and direction) of the player and ball system just after the catch.

T Applying the Law of Conservation of Linear
V, v Momentum to each direction separately,
2 o N
v @ X ﬁ:@
2 - =- =
M mv, =-(m+M)vcosq P vcosq M Vv,
before after
Poc = - MV, P =-(M+M)vecosq My, =(m +M)vsingp vsing= v,
Py, = +*Mv, p, = Hm +M)vsing m+M

Dividing the y equation by the x equation,
M

: —V
ving _m+M * _My, o (89)(0-25)
= P tan p arctan =arct b [q=67.07.
VCos( m_, 9= mv, 9= mv2 (O 15)(60)
o om+M ° .
Solving the x equation for the final speed,
B mv, _ (0.15)(60)

= = b [v=0.271n/s|.
(m+M)cosq (0.15+ 85)cos67°
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5. Find therotational inertia of a 300g meterstick about the 25.0cm mark.

Using the definition of rotational inertia, /

_ _3
X—-E Y X——4€
1° ¢y*dm b | = ¢k*dm. . X dm !
[ | —X
Since the stick is uniform, AN
dm =d7x b dm =%dx.
Substituting an performi ng the integration,
3,
m m m éx3 U 31 M7 1y )
= P—dx=—0Q) Xdx=—a— =—|(C% W) l=— L s = U= me2,
™70 (&34, - =5 G =

Plugging in the numbers,

| = £(0.300)(1.00)° P (I = 0.0438kg xm?.

6. The physics of the collision between a baseball and a bat can be modeled as shown. The bat
can betreated asif it is rotating about afixed pivot at the end and the collision timeis so short that
no torques have time to act during the CO||ISIOI‘1 Assume the mass of the bat is 1.00kg, its
rotational inertia about the pivot is 0.350kg-n? and its initial rotation rate is 600rpm. The mass of
the ball is 150g and itsinitial speed is40.0m/s. Find the speed of the ball after the collision if the
final rotation rate of the bat is 300rpm and the ball strike the bat 60.0cm from the pivot while
moving perpendicular to the bat at the instant of collision.

Faa s Fa s

y Using the Law of Conservation of
- Angular Momentum,
Camanl] D—>

° mv - Ilw, =-mvr- Iw.

60.0cm r=60cm  gyving for the final speed of the ball,
~ATNo ATV
I

C OeE W 2 C S Vv N\ V= (W W) vV,

pivot pivot mr
before after

L,=mvr- lw, L=-mvr- Iw

Plugging in the numbers,

0350  a2p(600) 2p(300)5 -
40.0b [v=82.2m/d.
~ (0.150)(0.600) € 60 60 2
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7. A wheel barrow full of gravel isshown. It has a mass of ~y

100kg. Find the minimum force needed to lift the rear legs =

off the ground and the normal force on the front wheel | lift cm

under these conditions. - 3_>
— . L e g x X

This minimum force must be exerted vertically at theend of : 9 t—‘o 500m

the handle. Thereisno normal force at the leg sinceitis | P : 5| F,

about to come off the ground. \ 125m ' 0-950m

Applying the Second Laws for trandation and rotation,
SFy =ma, P R,+F, - Fg =0p |:n:|:g_ F.=mg- F, and
0.500 0.500
St, =12, P (0500)F, - (L29)F, =0P Ky, = 1.25 Ry = 1.25 m

Plugging the numbers into the torque equation,

0.500

Now putting valuesinto the force eqliati on,

F, =mg- F,, = (100)(9.80) - 392 b [E =588N].

8. The moon of Jupiter called 10 has an orbital period of 1.77days and an orbital radius of
4.22x10°m. Usethisinformation to find the mass of Jupiter.

Applying Newton's Second Law to |o,
SF=mab F, =ma,.
Using the Universal Law of Gravitation and the centripetal
acceleration,
M 2 2
G =mTp M=Z.

r r
The speed isrelated to the period by the definition of speed,

(0] BSD V:m .
o Dt T
Substituting,
- a2pry’  4pcr
TGe T8 GT

Plugging in the data,

_ 4p2(4.22x108)°
~ (6.67x10"H[(1.77)(24)(3600)]

b [M = 1.90x10°" kg|.
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9. A 1.00kg auminum cylinder has a radius of 3.00cm and a height of
13.1cm. The cylinder is hung from a spring scale and suspended in water.
Find the reading on the scale in kilograms.

Applying the Second Law to the cylinder,
SF=mab F +F - Fg:0|:> F= Fg- F,=mg- F,.

Using Archimedes Principle and the definition of density,
Fs=mg=r,V,0= errzhg.

The force exerted by the scaleisthe scale reading in kilograms times g,
F, =mg.

Substituting into the equation from the Second Law, ' .
F=mg- F,b mg=mg-r pr’hgb m,=m-r pr’h.

Plugging in the numbers,

m, =1.00- (1000)p(0.0300)%(0.131) b [m, = 0.630kg].

10. Find the period of oscillation of ameterstick held at one end and allowed to swing freely.
Thisisaphysical pendulum. The period of aphysical pendulumiis,
w = /m—gr b T=2p /L
I mgr

Therotational inertiaabout onend is,

1 2
I=im?p T=2p1/3m£2 =2p1/€—.
mgr 3gr

The distance from the pivot at the end to the center of massis half the length,

, 0? ,26
r=s(b T=2p 3g_l€:2p 3—9
2

T=2p é((;gg)) b [T =1.64s|.

Plugging in the values,




