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1. (10%) Given the vectors 2+ ]-2

(a) Find the angles between A andX, Yy, Z coordinates axes.

(b) Find the unit vectors perpendicular to both A and B.
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2. (a) (5%) In Fig. 1, a gun is mounted on a cliff at
height h above the ground. It fires a projectile
with velocity Vo at an elevation angle a. Find the
horizontal range R.

(b) (5%) In (a), we find that R has maximum range
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that the flying time of the projectile from point O to C for this angle is
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3. (5%) In Fig. 2, a block of mass M slides along a floor while a constant

force F is applied at an upward angle €. The coefficient of kinetic

. ) I_ —1 0 _
friction between the block and the floor is . We can vary & from 0 to %
90°, what @ gives the maximum value of the block’s acceleration
magnitude? Fig. 2
Fcos@d— fy = Ma (1) [1%] o
Fn = Mg - Fsind 2) [1%] Fy =
fi= sac Fy ) [1%)

M1 (2)(@3 / 0
OEE) B 110
Fcos@— i (Mg— Fsin6) = Ma e

Mg

. F F .
. .azﬁcosﬁ—yk(g—ﬁsmﬁ) 4)

& %:0 —isin0+,uk£cos9=0
M M

''de

Sotanf=p, =  O=tan’ [2%]




. An elevator cab of mass m = 400 kg (Fig. 3) is descending with initial speed V;
= 5.0 m/s when its supporting cable begins to slip, allowing it to fall with
constant acceleration a = g/4.

(a) (10%)During the fall through a distance d = 10 m, what is the net work
done on the cab? (Please draw a simple figure showing all possible forces
applied on the cab.)

(b) (5%) Use “Work-Kinetic Energy Theorem” to obtain the final speed of the
cab.

=

Fig. 3

(a)
Simple figure: ? T

L

v [4%]

The net force eventually leads to a downward acceleration a = g/4.
Thus, the net work done on the cab is

Wpet=m -a - d=400 - (9.8/4) - 10=9800 (J) [6%]
(One can also calculate the work done by the gravitational force and
the tension separately. In other words, Wy = mgd =39200 (J) and

Wyt = -3mgd/4 = -29400 (J); the net work done is just their sum. )

(b)
Work-Kinetic Energy Theorem: AK=W

. 1 5
—mv; ——mv- =W 2%
2 T (2%]

2 1, \/ 2 1 )
V, = =W +—mv?) = [—— (9800 + —400-5%) = 8.6 (m/s 3%
f \/mON 5 0 400( 5 ) (m/s) [3%]




. A 10.0 kg breadbox on a frictionless incline of angle @is connected, by a cord that runs over a
pulley, to a light spring of spring constant k = 340 N/m, as
shown in Fig. 4. The box is released from rest when the spring is
unstretched. The speed of the box reaches 0.8 m/s when it has
moved 10 cm down the incline. Assume that the pulley is
massless and frictionless.

(a) (5%)What is the incline angle 6?7 Fig. 4
(b) (5%)How far down the incline from its point of release does the box slide before

momentarily stopping?

(a)
The loss of gravitational potential energy becomes the gain of kinetic energy + elastic potential
energy:
1 1
mgh = —mv* +—kx’ 2%
g > ) [2%]

(10.0)(9.8)(0.1sin 6 ) = (0.5)(10.0)(0.8)*+(0.5)(340)(0.1)*

. sin@=1/2, 6=30° [3%]
(b)

The gravitational potential energy loss now totally converts into the elastic one.

Thus, assuming such farthest distance is d
mgh = % kx’ [2%]

(10.0)(9.8)d sin30° = (0.5)(340)(d)?
.. d=0.288 (m) (or 29 cm) [3%]




6. Two balls are vertically hung by two parallel massless ropes
and contact with each other. Ball m; with a mass of 30 g is
pulled leftward and raised up to a height h = 8.0 cm. It is then
released from rest to collide elastically with ball m, of 75 g. h
(a) (5%) Find the speed of ball m; right before it collides with
ball m;.
(b) (5%) Find the speeds of both balls just after the collision.
(c) (5%) What maximal height can ball m, reach?

[ANS]
(a) Set the coordinate as shown in the right figure.

Two forces, the rope tension T and the gravitational force _l—h e

mg, act on the ball my. [ 757777 1%] mgV

m m,
The tension T is, though, not a conservative force, its work on the ball 71, is zero because it is

perpendicular to the motion of the ball ;. The gravitational force is a conservative force.
Therefore. the energy of the ball m; is conserved. [ZiHH{F FIEE SR E A 1%)]

the initial energy of the ball m,= the final energy of the ball i,

> 0+mygh=-m; +0 D vy = [2gh =/2(9.8 m/s7)(0.08m) = 1.252 m/s

(SRR 2%, J %] CEARTH MBI AR

(b) Before the ball m; is about to hit the ball m,.

The system consisted of two balls that moving along horizontal direction and no external
forces along the sliding, x, direction is acting on them. Initial state: Final state:

Therefore Y, F, = 0 and the linear before impact  afterimpact

o 11 V5=0 11 1,
momentum 1s conserved. [(7IEH = FEMITEHA 1%] - —L —£
= Initial momentum of two balls = Final momentum of two 0 0 O 0
balls m, m,

= myvy; + 0= myvr + myvyy
Because this is an elastic collision, the total energy of this system is conserved.

= the initial energy before the collision = the final energy after the collision
o 1 _ 1
5 mlvn +0= Emlvlf += sz?zf

From these two equations:

mp; —m; ny —my
Vip = vy = 1reZgh

my + m; my +m;

_ (0.030kg) — (0.075kg)
" (0.030kg) + (0.075kg)

2m 2Zm
vy = Loy = L J2gh

J/2(9.8 m/s2)(0.08m) = —0.537 m/s

my +m; my +m;
~ 2(0.030kg) ~ 7k$.5:p TS 2% 0 BASEE 2%]
= [0.030kg) + (0.075kg) ¥ 2(9-8 m/s7)(0.08m) = 0.715 m/s 5 BT Eﬁd e %ﬁz CEE)

(c) Similar argument as the answer of (a). the initial energy of the ball 1, 1s equal to the final
energy of the ball m, [F[V] |F[|” JFCEl 4J I p Jrﬁl[ﬂ 2%]

[ Initial state: Final state:
1 before impact after impacl
2 —
2> SMmavye + 0=0+mygH 1;, V=0 Ifi :

0.7152 O 0 O 0

U _ _
2> H= e = 2eo8 (m) = 0.026 m=2.6cm m, m m,

] /{\_;:'_”[|| ||1|- .J\’.'r—]'




7. (10%) The block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring 1 —
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 = 4.0 m/s, collides

with block 2, and then the two blocks are stick together. When the blocks momentarily stop,
what distance is the spring compressed?

Fig. 6

[ANS]
"."When the block 1 hits the block 2. they adhere together.

collision.

This is a completely inelastic
However, there are no other external force is acting on this block along horizontal
direction.  Therefore EF_X' = 0 and the linear momentum is conserved. [ 705 i P A1 5
A 2%]
= myv; = (my +mp)v
=  (2.0kg)(4.0 m/s) = (2.0kg+1.0kg)
= y=8/3mfs

[SERATETRAE 2%, wAEE 1%]

After the collision, the two blocks starts to compress the spring. Since there is no

non-conservative force acting on this system along horizontal direction, the total energy of this
system is conserved. [ {3 Tk it “FIAT P 2%]

.".the initial energy of the two blocks and spring equals to their final energy.
= %(ml +my)v? +0=0 -I—%kx2
= 2(3kg)C m/s)2 + 0 = 0 + = (200 )2
2 3 2 m
X =(8/75)"* m

[RAEPIFHETEHE 2% - BAX R 1%]

A thin, uniform rod of mass M and length L, on an X axis with the origin at the rod’s center.
(a) (3%) What is the rotational inertia of the rod about the perpendicular rotation axis through
the center?

(b) (2%) What is the rod’s rotational inertia about a new rotation axis that is perpendicular to the
rod and through one end?
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9. (10%) In Fig. 7, a small block of mass 50 g slides down a frictionless
surface through height h = 15 cm and then sticks to a uniform rod of
mass 100 g and length 35 cm. The rod pivots about point O through
angle 0 before momentarily stopping. Find 6.

block & ﬁhﬁ:&ﬁ#ﬁiﬁ‘f-‘&ﬁﬂ &&ﬁﬂmdﬁr aﬁ
r-“J-JF h#shBE - OB ETHE

1
Embv +m,gy, = 2mbvf +m,gy, [1%] * m#block® & » F

AR5 3 F T block B F # Lt Ajrod AT Z 4K #E - sBIF K
taATa®  KRAV=0, y=h Ry, =0 » T #
vy =+4/28R * (1%)

block A pbif E s fMfrod *» B M 2 54 —AUOREE) » JL
#B#2 ¥ blockrod R &I A R » & AH T FIHE[1%] - AR
rodfl+* &M Rl :

I

o . . T MVy o
rxp:Im—:-I(mvf)mnE:Im—)m:T{2z6)

Imy
A block$h rod b2 MBI E : [~ MP +ml’ » dow= L = lm“zgh o (1%)
3 GM +m

BRA F S R4 F1H » PProd-block-Z ¥ & #) 4E #§ 1b Hrod-block 2 4 sk # 1k :
%I&)Z =mgl(1—cos@)+ Mg(%)(l —cos8) (2%)

KA HRIMAREw *
l(lmﬁ "‘m‘!z)[lmi] —[mg1+Mg(—)](1 cos@)
23 (—M +mM)
z 2
cosf@=1— om-h 1 6x005°x0.15

—1-— =0.87
(M +2m)(M + 3m)l (0.1+2x0.05)(0.1+3x0.05)(0.35) 2%)




10. (10%) Let the disk with radius 0.20 m in Fig. 8 starts from rest at time t = 0 and
also let the tension in the massless cord be 6.0 N and the magnitude of angular
acceleration of the disk be 24 rad/s’. Using work-kinetic energy theorem to find
the rotational kinetic energy of the disk att = 2.5 s?

sol:
BB BERE : W=AE, = E, - E,
B R diskn 4 A IL(E, =0) HE, =W —(1) * ¥ Adisk#t=25 sz ¥

BHEHE ° 2%) o
MEZIRAT A Pdisk L » AR BZRHET-—RXT=RT(®) -
(1%)

o 8y
A2 HW = [ 746 = [ (TR®)-(d08) =TR(, — §,) —2) (2%)
& 8

BAER AdiskZ B EHELETHE1%) » ¥diskidHAFAREES :
0, -6, =m].r+%cxr2 (1%)

m¥edisk# ik #w,=0-60,-0,= %mﬁ —3) (1%)

8R4 (1), (2), (3) ' Ey :TR(%m‘z):(6.0)(0.20)(%)(24)(2.52):90(J)

(2%)




