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PHYSICS  B  FORMULAS 

Physics 106:
360(  = 2( radians = 1 revolution.   s = r(     vt = r(         at =  r(
ac = ar =vt2/r  = 2r
atot2 = ar2 + at2


( = (o + (t      (f ( (o = (ot +½(t2
(f2 ( (o2 =  2((( ( (o)
  ( ( (o = ½((+ (o)t
Krot = 1/2I2    I = miri2   

Ipoint = mr2  Ihoop =  MR2  Idisk = 1/2 MR2  Isphere = 2/5 MR2  Ishell = 2/3 MR2  Irod (center)  = 1/12 ML2   Irod (end) = 1/3 ML2    

 = force(moment arm = F(r(sin(net =((Fnet = (F = m a         ( = r x F      Ip = Icm + Mh2  

 Wtot =  K  = Kf ( KI    W = netK = Krot + Kcm        Emech = K + U    Emech= 0 (isolated system)        Paverage  = W/t   Pinstantaneous(forconstant)     vcom = r (rolling, no slipping)  cm = P     cm = P
Angular momentum:  l = r x p    p = mv   L = li    net = dL/dt    L = I(
lpoint mass = m(r(v(sin(

For isolated systems:  net = 0     L is constant L = 0     L0 = I00 = Lf = Iff
Equilibrium:     forces = 0  and   torques = 0,   If net force on a system is zero, then the net torque is the same for any chosen rotation axis.  COG definition: point about which torques due to gravity alone add to zero. 

G = 6.67 x 10(11 [N(m2/kg2] 
[image: image17.png]pulley



  
[image: image2.wmf]r

v

m

F

net

2

=

   
[image: image3.wmf]2

r

m

G

a

g

=

    
[image: image4.wmf]2

2

1

mv

K

=

     
[image: image5.wmf]g

mech

U

K

E

+

=

 
[image: image6.wmf]r

m

m

G

U

g

2

1

×

-

=

   
[image: image7.wmf]r

GM

v

escape

2

=

 
[image: image8.wmf]3

2

2

4

a

GM

T

p

=

    
[image: image9.wmf]a

GM

v

orb

=

      (T2 / R3) = Const for all satellites of a given mass.    Angular momentum and Emech are constant for masses moving under gravitational forces.    

Orbits: Emech < 0  (  Bound, ellipse;  Emech > 0  (  Free particle, hyperbola;    Emech = 0  (  Escape threshold.  For circular orbits:  Fcentri = mv2/r = Fgrav = GmM/r2 , vorb = sqrt[GM/r],  Eorb = 1/2Uorb = (1/2Korb

 

Earth:    ME = 5.98 x 1024 kg,       RE = 6.37 x 106m,        orbital radius about Sun = 1.5x1011 m.

Mars:     Mm  = 6.4 x 1023 kg,        Rm = 3.395 x 106 m

Moon:    Mmoon = 7.36 x 1022 kg,    Rmoon = 1.74 x 106 m,   orbital radius about earth = 3.82 x 108 m

Oscillators:   = 2f = 2/T.   Period= 2/x(t) = xmcos(t + );  v(t) = vmaxsin(t + ), vmax= ( xm       a(t) = amaxcos(t + ), amax  = ( xm  ; Spring: =(k/m)1/2, F = -kx;  

Pendulums:   Simple:  = (g / L)1/2 ; Torsion: ; Physical: =( mgh / I )1/2,  

Physics 105:

W = mg    g = 9.8 m/s2
  1 m = 100 cm = 1000 mm,  1 kg = 1000 g

v = vo + at              x - xo = vot + ½at2
    v2 ( vo2  = 2a((x ( xo)       x ( xo = ½(v + vo)t

Fnet = ma    (F = ma   = dP/dt        Fst,max = (sN       Fk = (kN        incline: Wmgx  =  mg(sin[(]      Wmgy = mg(cos[(]    

Fr = mar = mv2/r         ar = v2/r            f = 1/T           T = (2(r/v)  Impulse:   Favr(t = mvf ( mvI     

Momentum is conserved if net Impulse = 0.  Then (mv)initial = (mv)final          

Work:  W = F(d(cos((),       Wgrav = ( mg((y-y0) ,  Wspring = (1/2k(x2(x02) ,     Wfrict = (Fkd  ,      Wtot = Kf - Ki

Ug = mg((y(y0),           spring: F = (kx,              Us = 1/2kx2,                    KE = 1/2mv2    

Wnc = Kf ( KI + Ugf ( Ugi + Usf ( Usi               or                 KI + Ugi +Usi + Wnc =Kf + Ugf + Usf

Mass center:  Xcom = ximi)/mi ,   similarly for Ycom, Zcom : (Ycom = yimi)/mi  and  Zcom = zimi)/mi)

Vectors:

Components:  ax = a(
cos()  ay = a(sin()   a = axi + ayj     | a |=  sqrt[ax2 + ay2]    = tan-1(ay/ax)

Addition:  a + b = c   implies  cx = ax + bx,  cy = ay + by
Dot product:  
         a(b = a(b(cos()  =  axbx + ayby + azbz   unit vectors: i(i = j(j = k(k = 1;  i(j = i(k = j(k = 0

Cross product:  | a x b | = a(b(sin();  c = | a x b |  = (ay(bz ( az(by )(i + (az(bx ( ax(bz )(j + (ax(by ( ay(bx )(k 

a x b = ( b x a,   a x a = 0 always; c = a x b is perpendicular to a-b plane; if a || b then | a x b | = 0

i x i = j x j = k x k = 0,      i x j = k    j x k = i   k x  i = j          

[image: image1.wmf]r

ˆ

r

m

m

G

F

2

2

1

×

=

r

1.  A 4-kg block is moving down the 260 - plane at a constant speed.  

The coefficient of kinetic friction is closest to

A. 0.28

B. 0.35

C. 0.49

D. 0.54

E. 0.61
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__________________________________________________________________________________________                      A 10-kg block is pulled from rest along a 2-m long,  horizontal surface by a rope that exerts a 50-N force directed 30o above the horizontal. The coefficient of kinetic friction  is 0.31. 

2.(*)    What is the acceleration of the block?

A. 1.0 m/s2

B. 2.0 m/s2
C. 3.0 m/s2

D. 4.0 m/s2

E. 5.0 m/s2

3. (*) The total work done on the block is closest to

A. 10 J

B. 20 J

C. 40 J

D. 60 J

E. 100 J 

__________________________________________________________________________________________________

4. A 2.0-kg ball is thrown straight up and  reaches a maximum height of 16.2 m ? What is its initial velocity? [Hint: use energy conservation]
A.   20 m/s

B.   18 m/s

C.   16 m/s

D.   14 m/s

E.   12 m/s

________________________________________________________________________________________

5. (*) A flat-bed trailer moving at 25.0 meters per second is carrying a large crate which is not strapped down. The shortest distance in which the truck can stop without the crate sliding forward is 50.0 meters. Therefore, the coefficient of static friction between the flat bed and the crate must be closest to:

A.   0.125


B.   0.250


C.   0.375


D.   0.500


E.   0.625 

________________________________________________________________________________________________
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6.   A 0.6-kg ball rolls down a frictionless, inclined track connected to a frictionless track of a loop-the-loop of radius of 0.25 m, as shown in figure. The ball is released at point A, 1.2 m above the bottom of the loop-the-loop. The speed of the ball at point B is closest to [neglect rotational energy]
A. 2.52 m/s

B. 3.74 m/s

C. 4.24 m/s

D. 4.88 m/s

E. 5.75 m/s

Extra credit: include rotation.  Ans:

__________________________________________________________________________________________________

A spring is compressed 6 cm and a 8-kg block is placed against it. When the spring is released , the block shoots forward along a rough, horizontal surface traveling 1.2 m before coming to a stop. The coefficient of kinetic friction between the block and the surface is (k = 0.4.

7. Find the  speed acquired by the block as it leaves the spring. 

A. 1.52 m/s

B.  3.07 m/s

C.  4.24 m/s

D.  4.88 m/s

E.  5.75 m/s

8. Find  spring constant of the spring.

A. 5 kN/m

B.  12 kN/m

C.  15 kN/m

D.  21 kN/m

E.  50 kN/m

________________________________________________________________________________________________
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9. (*) A 4-kg block slides on a horizontal surface with an initial speed of 5 m/s and then stops on a ramp making an angle 300  with the horizontal, as shown in the figure. If the coefficient of kinetic friction is 0.2  how far above the horizontal surface is the block  in its final position?

[image: image13.png]


A.   0.91 m

B.    1.8 m

C.   2.4 m

D.   3.8 m

E .  5.0 m

__________________________________________________________________________________________
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10. A 4-kg ball is attached to the vertical rod with a cord A, 1.6 m long.  

As the ball rotates around the vertical rod at in circle of radius R = 0.8 m, 

what is the linear speed of  the ball? 

A. 2.14 m/s

B. 3.28 m/s

C. 4.16 m/s 

D. 5. 44 m/s

E. can not be determined

_________________________________________________________________________________________

11. A wheel, with radius R=2.0 m, initially has an angular velocity of 12 rad/s, and is slowing down at a rate of 2.0 rad/s2.  By the time it stops spinning about its center, a point on the outer rim will have traveled a total distance

A.  24 m

B.  36 m

C.  48 m

D.  72 m

E.  144 m

________________________________________________________________________________________________

12.  A wheel, with  rotational inertia I = 2 kgm2, initially has an angular velocity of 4 rev/s in counterclockwise direction  It decreases its speed to  to 2 rev/sec in 5 sec. If the wheel rotates in a horizontal plane, the magnitude and direction of retarding torque is

A.   5 Nm, up

B.   5 Nm, down

C.  10 Nm, up

D.  10Nm, down

E.   12 Nm, up

__________________________________________________________________________________________________
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13. A multi-level pulley of rotational inertia I = 4 kgm​2 is pivoted about a frictionless axis, as shown.  The angular acceleration of the pulley is ( = 2 rad/s2 clockwise.  The tension in the cord attached to body B is 50 N. The tension in the cord attached to body A is closest to

A. 10 N

B. 15 N

C. 20 N

D. 25 N

E. 30 N

__________________________________________________________________________________________________

14.   A 32-kg wheel with moment of inertia I = 3 kg.m2 is rotating at 280 rev/min.  It must be brought to stop in 15 seconds.  The required work to stop the wheel is:

A. 1000 J

B. 1050 J

C. 1100 J

D. 1300 J

E. 1600 J

________________________________________________________________________________________________

15. The figure shows a 3 - kg rod, 4 m long, with 2.00-kg balls attached at each end. What is the rotational inertia of the rod about left end of the rod?


A. 12 kgm2
B. 24 kgm2
C. 36 kgm2
D. 48 kgm2
E. 64 kgm2
________________________________________________________________________________________________

16.   A phonograph record of radius 0.15 m and rotational inertia I =0.065 kgm2 rotates about a vertical axis through its center with an angular speed of 33.3 rev/min.  A wad of putty of mass 0.2 kg drops vertically onto the records and sticks to the edge of the record. What is the angular speed of the record immediately after the putty sticks to it?

A. 29.2 rev/min

B. 31.1 rev/min

C. 33..3 rev/min

D. 35.2 rev/min

E. can not be determined

__________________________________________________________________________________________________

17.  A 22 kg traffic lights are suspended from a cable as shown. Find the tension  T1 if  

 (1 = (2 = 250. 

A)   120 N

B)   165 N

C)   196 N

D)  220 N

E)   255 N

__________________________________________________________________________________________________

18. The tension in the cable supporting the 12-m weightless beam is

 closest to.

A.  600 N

B. 1200 N

C. 1800 N
D. 2400 N

E. 3000 N

_______________________________________________________________________________________________

 A uniform 150-kg strut, which is 3.44 m long, is pinned at one end and supported at the other end by a horizontal cable, as shown. 


19. The tension in the cable is closest to

A.   1000 N

B.   1400N

C.   1800 N

D.   2000 N

E.   2400 N

20. (*) The magnitude of the force that wall exerts on the strut is closest to

A. 1000 N

B. 1200 N

C. 1700 N

D. 2500 N

E. 3500 N 

_____________________________________________________

21. For the system in the figure mass m1 is 10 kg and mass m2  is 5 kg.

What is acceleration of m1 if the horizontal surface is frictionless? Ignore rotational inertia of pulleys
A. 1.80 m/s2

B. 2.45 m/s2
C. 3.00 m/s2

D. 4.94 m/s2

E. 5.65 m/s2

________________________________________________________________________________________
22.  How high above the surface of the earth is the gravitational acceleration 5 m/s2?

A.   2500 km

B.   3600 km

C.   4800 km

D.   6370 km

E.   7800 km

__________________________________________________________________________________________________

23.  A 3 -kg mass connected to a spring with negligible mass and spring constant 3000 N/m executes simple harmonic motion.  The amplitude of the oscillation is 25 cm.    What is the speed of the mass at position x = 18 cm? 

A. 2.52 m/s

B.  3.74 m/s

C.  4.24 m/s

D.  4.88 m/s

E.  5.48 m/s

The geosynchronous satellites must circle the earth once in 24 hours. 

24.   If  the mass of the earth is 5.98x1024 kg; the radius of the earth is 6.37x106 m  how far above the surface of the earth does a geosynchronous satellite orbits the earth?   

A.   12500 km

B.   36000 km

C.   52000 km

D.   63700 km

E.   78000 km

25.  The speed of geosynchronous satellite is closest to

A.   2500 m/s

B.   3100 m/s

C.   4800 m/s

D.   6370 m/s

E.   7800 m/s

__________________________________________________________________________________________________

26. A vertical spring stretches 80 cm when a 1.6-kg block is hung from its end. What is the spring constant of this spring?

A.  2 N/m

B.  20 N/m

C.  200 N/m

D. 2000 N/m

E.  20000 N/m

__________________________________________________________________________________________________

 A 2- kg mass, connected to a spring with negligible mass oscillates on a frictionless horizontal surface. The displacement of the oscillator is given by:

x(t)  = 24cm cos[ (60rad/s) t]

27. Find spring constant of the spring

A.  25 N/m

B.  120 N/m

C.  450 N/m

D. 7200 N/m

E.  12000 N/m

28.  How far from the starting point is the mass at t = 12 seconds?

A.  + 20 cm

B.  -20 cm

C.  +15 cm

D.  -15 cm

E.  +10 cm

29. What is total energy of spring-mass system?

A. 50 J

B.  150 J

C.  207 J

D.  488 J

E.  500 J

_________________________________________________________________________________________________

30.  What is a period of simple pendulum of mass of 2 kg and length of 49 cm?

A. 1.4 s

B. 2.1 s

C.  4.2 s

D.  6.8 s

E.  10 s

31.  One cm3  is equivalent to 

A)    0.001 m3      

 

B)  10–9  m3
   

C)  10–6  m3  
 

D)  10–12 m3    
 

E)  10–2 m3

In the following  3 problems: a = i –2 j   and  b = 3i+ 5j    

32.  Find the magnitude of  a + b (select the closest answer)

A) 2.2


B) 1.6


C) 4.2


D) 3.1


E) 5.0

33.  Find the scalar (dot) product of a and b
A) 3



B) -7


C) 2


D) -2


E) 0

34.  Calculate the vector (cross)  product  a x b 
A) 0



B)  11k


C) -3i 


D) -3i + 3k


E) 3i - 3k

35. From Nos. 24.25 calculate the full energy of the geosynchronous satellite.
Ans.

36. A “grandfather’s clock” is brought to the altitude of 10 km (about the height of Mt. Everest) with g about 0.3% smaller than on sea level. Compared to sea level, the clock will run
A) the same

B)  0.3% faster

C) 0.3% slower

D) 0.15% faster

E) 0.15% slower

37. A 300 m/s,  7-g bullet hits (and gets stuck) in a 7 kg wooden block. Find the speed after the impact.
38. The distance between Pluto and Sun is about 4.5x109 km  (compared to 150x106 km  for Earth). Estimate the number of Earth years required for Pluto to complete one revolution around the Sun.
39. A 2-kg mass has a position r= i –2 j (in meters)  and velocity v = 3i+ 5j  . Find its angular momentum.  
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