AP Physics Free Response Practice – Momentum and Impulse – ANSWERS
1976B2.

a) Apply momentum conservation.   pbefore = pafter
mvo = (m)(vo/3) + (4m)(vf2)
vf2 = vo / 6
b) KEf – KEi​    =    ½ mvo2 – ½ m (vo / 3)2    =    4/9 mvo2
c) KE   =   ½ (4m)(vo / 6)2   =   1/18 mvo2
1978B1.

a) Projectile methods.   Find t in y direction.  dy = viyt + ½ a t2    t = 
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D is  found with vx = dx / t
D = vot
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b) Apply momentum conservation in the x direction.   pbefore(x) = pafter(x)
     M1vo = (M1+M2)vf     vf = M1v0 / (M1+M2)

1981B2.

a) The work to compress the spring would be equal to the amount of spring energy it possessed after compression.   After releasing the mass, energy is conserved and the spring energy totally becomes kinetic energy so the kinetic energy of the mass when leaving the spring equals the amount of work done to compress the spring


W = ½ m v2  = ½ (3) (10)2 = 150 J

b) Apply momentum conservation to the explosion     
pbefore = 0 = pafter
0 = m1v1f + m2v2f 

0 = (1)v1f + (3)v2f

v1f = 3 v2f

Apply energy conservation … all of the spring energy is converted into the kinetic energy of the masses
150 J = K1 + K2


150 = ½ m v1f2 + ½ m v2f2

sub in above for v2f
150 = ½ (1)(3v2f)2 + ½ (3)(v2f)2










v2f  = 5 m/s
v1f  = 15 m/s 
1983B2.
a) Apply momentum conservation perfect inelastic.   pbefore = pafter
2Mvo = (3M)vf 
vf = 2/3 vo
b) Apply energy conservation.
K = Usp

½ (3M)(2/3 vo)2 = ½ k ∆x2
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1984B2.

a) Before the collision there is only an x direction momentum of mass M1 … px = m1v1x = 16, all the rest are 0
After the collision, M1 has y direction momentum = m1v1fy = 12 and M2 has x and y direction momentums. Using trig to find the x and y velocities of mass M2 … vx = 5 cos 37 = 3,   and vy = 5 sin 37 = 3.75.  
Then plug into mv to get each x and y momentum after.

	
	M1 = 1 kg
	M2 = 4 kg

	
	px (kg m /s)
	py (kg m /s)
	px (kg m /s)
	py (kg m /s)

	Before
	16
	0
	0
	0

	After
	0
	-12
	16
	12


b) 

SUM =

         16                                  -12

               16

         12


When adding x’s before they = x’s after 16=16, when adding y’s before they equal y’s after |-12|=12

c) Kinetic Energy Before


Kinetic Energy After


K = ½ m1v1ix2


K = ½ m1v1fy2 + ½ m2v22

K = ½ (1)(16)2 = 128 J

K = ½ (1)(12)2 + ½ (4)(5)2 = 122 J

d) From above, K is not conserved.
1985B1.

a) Apply momentum conservation perfect inelastic.   pbefore = pafter
m1v1i = (m+M)vf

vf = 1.5 m/s

b) KEi / KEf
½ m v1i2 / ½ (m+M)vf2 = 667
c) Apply conservation of energy of combined masses
         K = U      ½ (m+M)v2 = (m+M)gh
h = 0.11 m

1990B1.

a) Apply momentum conservation perfect inelastic.   pbefore = pafter
m1vo = (101m)vf

vf = vo / 101

b) ∆K = Kf – Ki
=  ½ (101m)vf2 – ½ mvo2 = ½ (101m)(vo/101)2 – ½ mvo2 = 
– (50/101) mvo2
c) Using projectile methods. Find t in y direction.  dy = viyt + ½ a t2    t = 
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D is  found with vx = dx / t
D = vxt
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d) The velocity of the block would be different but the change in the x velocity has no impact on the time in the y direction due to independence of motion.  viy is still zero so t is unchanged.
e) In the initial problem, all of the bullets momentum was transferred to the block.  In the new scenario, there is less momentum transferred to the block so the block will be going slower.  Based on D = vxt with the same time as before but smaller velocity the distance x will be smaller.
1992 B2.
a) Apply momentum conservation perfect inelastic.   pbefore = pafter

m1v1i = (m1+m2)vf

(30)(4) = (80)vf

vf = 1.5 m/s
b) K= ½ (m1+m2) vf2 = ½ (80)(1.5)2 = 90 J

c) Apply momentum conservation explosion. 

pbefore = pafter   
(m1+m2)v = m1v1f + m2v2f

(80)(1.5) = 0 + (50)v2f 
v2f = 2.4 m/s
d) K = ½ m2v2f2 = ½ (50)(2.4)2 = 144 J
e) By inspection the energy in d is greater.  The energy increased due to an energy input from the work of the child’s muscles in pushing on the sled.

1994 B2.
a) Apply energy conservation top to bottom.

U = K
mgh = ½ mv2
(gR) = ½ v2
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b) Apply momentum conservation


pbefore = pafter   
mavai = (ma+mb)vf
M(
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vf = 
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c) The loss of the kinetic energy is equal to the amount of internal energy transferred
∆K = Kf – Ki = ½ 2M (
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d) Find the remaining kinetic energy loss using work-energy theorem which will be equal the internal energy gain. 
Wnc = ∆K
– fkd =  – μFnd  =  – μ(2m)gL = –2 μMgL, kinetic loss = internal E gain ( 2μMgL
1995 B1.
a) 
i) p 
= mv 

= (0.2)(3) = 0.6 kg m/s
ii) K = ½ mv2
= ½ (0.2)(3)2 = 0.9 J
b) 
i.) Apply momentum conservation
pbefore = pafter = 0.6 kg m/s


ii) First find the velocity after using the momentum above

0.6 = (1.3+0.2) vf 
vf = 0.4 m/s

K = ½ (m1+m2) vf2 = ½ (1.3+0.2)(0.4)2 = 0.12 J

c) Apply energy conservation
K = Usp

0.12 J = ½ k∆x2 = ½ (100) ∆x2
∆x = 0.05 m

1996 B1.

a) ptot = M(3vo) + (M)(vo) = 4mvo
b)    i) 
Apply momentum conservation perfect inelastic.   pbefore = pafter


4Mvo = (m1+m2)vf

4Mvo = (2M) vf

vf = 2vo
ii) 
Since they are both moving right they would have to be moving right after
c) 
i) 
Apply momentum conservation  pbefore = pafter


4Mvo = m1v1f + m2v2i
4Mvo = Mvaf + M(2.5vo)

vaf = 1.5 vo
ii)
As before, the would have to be moving right.
d) ∆K  =  Kf  – Ki  =  (½ mavaf2 + ½ mbvbf2) – ( ½ mavai2 + ½ mbvbi2)  =  4.25 Mvo2 – 5 Mvo2  =  – 0.75 Mvo2
1997 B1.

a) The force is constant, so simple Fnet = ma is sufficient.   (4) = (0.2) a
a = 20 m/s2
b) Use d = vit + ½ a t2
12 = (0) + ½ (20) t2
t = 1.1 sec

c) W = Fd

W = (4 N) (12 m) = 48 J
d) Using work energy theorem
W = ∆K

(Ki = 0)

W = Kf – Ki 








W = ½ m vf2  
      Alternatively, use vf 2 = vi2 + 2 a d



48J = ½ (0.2) (vf2)
vf  = 21.9 m/s
e) The area under the triangle will give the extra work for the last 8 m


½ (8)(4) = 16J     + work for first 12 m (48J) = total work done over 20 m = 64 J


Again using work energy theorem   
W = ½ m vf2  

64 J = ½ (0.2) vf2

vf = 25.3 m/s


Note: if using F = ma and kinematics equations, the acceleration in the last 8 m would need to be found using the average force over that interval.

f) The momentum change can simply be found with ∆p = m∆v = m(vf  – vi) = 0.2 (25.3 – 21.9) = 0.68 kg m/s

2001B2.

a) Apply momentum conservation  pbefore = pafter

mavai = mavaf + mbvbf 
(0.1)(1.4) = (0.1)(–0.7) + (0.5)vbf

vbf = 0.42 m/s
b) Using projectile methods. Find t in y direction. 
dy = viyt + ½ a t2
     – 1.2m = 0 + ½ (–9.8) t2       t = 0.49
D is  found with vx = dx / t


D = vxt

     (0.42)(0.49)

      D = 0.2 m

c) The time of fall is the same as before since it’s the same vertical distance.  t = 0.49 s
The velocity of ball C leaving the table can be found using projectile methods.  vx = d / t = 0.15/0.49 = 0.31 m/s

d) Looking that the y direction.   py(before) = py(after)

0 = pay – pcy
0 = pay – mcvcy
0 = pay – (0.1)(0.31)sin30

pay = 0.015 kg m/s
2002B1.
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a) 
b)    Jengine = Feng t

(20) = Feng (2)

Feng = 10 N


Fnet = ma

(Feng–mg)=ma

(10 – 0.25(9.8))=(0.25)a 

a = 30 m/s2
c)    Find distance traveled in part (i) d1 =vit + ½ a t2 = 0 + ½ (30)(2)2 = 60 m
Find distance in part (ii) free fall.
   first find velocity at end of part (i) = vi for part ii
then find distance traveled in part ii
   v1f = v1i + a1t1 = (0) + (30)(2) = 60 m/s


v2f2 = v2i2+2gd2 = (60)2 + 2(–9.8)(d2)          d2 = 184 m

dtotal = 244 m 
d) Find time in part ii.   
v2f = v2i + gt
0 = 60 + –9.8 t
t = 6.1 s    
then add it to the part I time (2 s) 




total time ( 8.1 sec
2002B1B
a) The graph of force vs time uses area to represent the Impulse and the impulse equals change in momentum.


Area = 2 x ½ bh = (0.5 ms)(10kN).  Milli and kilo cancel each other out.  Area = 5 Ns = J


VERY IMPORTANT – Based on the problem, the force given and therefore impulse is actually negative because the graph is for the 2 kg cart and clearly the force would act opposite the motion of the cart.


J = ∆p = mvf – mvi
(–5) = (2)(vf) – 2(3)
vf = 0.5 m/s  (for the 2 kg cart)

b)  Apply momentum conservation 

pbefore = pafter

mavai = mavaf + mbvbf


(2)(3) = (2)(0.5) + (mb)(1.6)
mb = 3.125 kg
c) slope = acceleration = ∆y / ∆x = (0.5 – 1.6) / (3.5 – 3) = – 0.73 m/s2
d) distance = area under line, using four shapes.  
0-2 rectangle, 2-3.5 triangle top + rectangle bottom, 3.5-5, rectangle ( 5.5 m

e) Since the acceleration is negative the cart is slowing so it must be going up the ramp.  Use energy conservation to find the max height.  Kbot = Utop
½ mv2 = mgh
½ (1.6)2 = (9.8) h

h = 0.13 m

2006B2B.
a)  Apply energy conservation
Utop =  Kbottom
mgh = ½ m v2
Mgh =  ½ (M) (3.5vo) 2

h = 6.125 vo2 / g

b) Apply momentum conservation 

pbefore = pafter

mavai = mavaf + mbvbf

(M)(3.5vo) = (M)vaf + (1.5M)(2vo)

vaf = ½ vo
c) WNC = ∆K  (Kf-Ki)   Kf = 0
– fk d = 0 – ½ (1.5M)(2vo)2

μk (1.5 M) g (d) = 3Mvo2


μk = 2vo2 / gD

d) Compare the kinetic energies before and after


Before


After


K = ½ M (3.5vo)2

½ M( ½ vo)2 + ½ (1.5M)(2vo)2
there are not equal so its inelastic

2008B1B.
a) Apply momentum conservation to the explosion 

pbefore = 0 = pafter
0 = mavaf + mbvbf
0 = (70)(– 0.55) + (35)(vbf)
vbf = 1.1 m/s
b) Json = ∆pson 
Fon-son t = m(vf – vi) 
F (0.6) = (35)(0 – 1.1) = 

F = – 64 N
c) Based on newtons third law action/reaction, the force on the son must be the same but in the opposite direction as the force on the mother.

d) On the son
Wfk = ∆K
– fkd = ½ mvf2 – ½ mvi2
   – μmg d = ½ m (0–vi2)
  d = vi2 / (2μ)



This would be the same formula for the mother’s motion with a different initial velocity.  Since the mass cancels out we see the distance traveled is proportional to the velocity squared.  The boy moves at twice the speed of the mother, so based on this relationship should travel 4 x the distance.  The mother traveled 7 m so the son would have a sliding distance of 28 m.


(Alternatively, you could plug in the numbers for the mother to solve for μ and then plug in again using the same value of μ and the sons velocity to find the distance. μ is the same for both people.) 

2008B1.
a)    First determine the time to travel while the car accelerates.  v1f = v1i + a1t1     (5) = (2) + (1.5) t1      t1 = 2 sec
Also determine the distance traveled while accelerating d1 = v1it1 + ½ a1t12     d1 = (2)(2) + ½ (1.5)(2)2 = 7 m

This leaves 8 m left for the constant speed portion of the trip.  



The velocity at the end of the 7m is the average constant velocity for the second part of the trip



v2 = d2 / t2
5 = 8 / t2

t2 = 1.6 sec

( total time = t1 + t2 =  3.6 seconds

b)  i) Apply momentum conservation 

pbefore = pafter


mavai = mavaf + mbvbf
(250)(5) = (250)vaf + (200)(4.8)
vaf = 1.2 m/s
     ii) Since the velocity is + the car is moving right
c) Check kinetic energy before vs after

Ki = ½ (250)(5)2 = 3125 J

Kf = ½ (250) (1.2)2 + ½ (200)(4.8)2 = 2484 J



Since the energies are not the same, it is inelastic

C1981M2.
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a)
Utop = Kbot



b) Use the max rise height on the opposite site to find the seats speed

mgh = ½ mv2


     Kbot = Utop 
½ mv2  = mgh
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c) Apply momentum conservation 

pbefore = pafter


mavai = mavaf + mbvbf
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C1991M1.

(a) Apply momentum conservation perfect inelastic

pbefore = pafter


mvo = (m+2m) vf 

vf = vo / 3
(b) Apply energy conservation.

Kbottom = Up + Kp

½ mvbot2
= mghp + Kp






½ 3m (vo/3)2 = 3mg(r) + Kp
Kp = mvo2/6 – 3mgr

(c) The minimum speed to stay in contact is the limit point at the top where Fn just becomes zero.  So set Fn=0 at the top of the loop so that only mg is acting down on the block.  The apply Fnet(C)


Fnet(C) = mv2 / r
3mg = 3m v2 /r

v = √rg

(d) Energy conservation top of loop to bottom of loop
Utop + Ktop = Kbot

mgh + ½ m vtop2 = ½ m v​bot2

g(2r) + ½ (√rg)2 = ½ (vo’)2
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(e) Apply momentum conservation, perfect inelastic with vf as the speed found above and vi unknown

pbefore = pafter
  mvb’ = (m+2m) vf 
vb’ = 3vf = 
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C1992M1.
a)
Utop = Kbot

mgh = ½ mv2
(10)(5) = ½ v2
v = 10 m/s
b)  Since the ball hits the ground elastically, it would rebound with a speed equal to that it hit with 10 m/s
c)   Free fall of clay 
d = vit + ½ gt2 = 0 + ½ (–10)(0.5)2





d = –1.25 m displaced down, so height from ground would be 3.75 m

d)   Clay free fall (down)

vf = vi + gt = 0 +(–10)(0.5) = –5 m/s

speed = 5 m/s
Ball free fall (up)

vf = vi + gt = 10 + (–10)(0.5) = 5 m/s

speed = 5 m/s
e)   Apply momentum conservation perfect inelastic

pbefore = pafter


mavai + mbvbi = (ma+mb) vf

(9m)(5) + (m)(–5) = (10m) vf
vf = 4 m/s, up (since +)
C1993M1. - since there is friction on the surface the whole time, energy conservation cannot be used
a) Usp = ½ k ∆x2 = ½ (400)(0.5)2 = 50 J

b) Using work-energy

Wnc = ∆Usp + ∆K = (Usp(f)–Usp(i)​) + (Kf  – Ki) 




– fkd = ( 0 – 50J ) + ( ½ m vf2 – 0)




– μ mg d = ½ mvf2 – 50 





– (0.4)(4)(9.8)(0.5) = ½ (4)(vc2) – 50

vc = 4.59 m/s

c) Apply momentum conservation perfect inelastic

pbefore = pafter


mavci= (mc+md) vf
(4)(4.59) = (4+2) vf 
vf = 3.06 m/s
d)  Wnc =  (Kf  – Ki)


– fkd  = (0 – ½ m vi2 )

– μ mg d = – ½ m vi2
(0.4)(6)(9.8) d = ½ (6)(3.06)2
   d = 1.19 m

C1994M1.

a) Usp = ½ k ∆x2 = ½ (200)(0.4)2 = 16 J

b) Apply energy conservation  Kbefore compression = Usp-after compression

½ (ma+mb) v2 = Usp

½ (0.1+2) v2 = 16



v = 3.9 m/s

c) Apply momentum conservation perfect inelastic

pbefore = pafter


mavai= (ma+mb) vf
(0.1) vai = (0.1+2) (3.9) 


vai = 81.9 m/s

C1995M1.
a) In the F vs t curve the impulse is the area under the curve.  Area of triangle + rectangle + triangle = 12 Ns
b) Jon-ball = ∆pball 
J = m(vbf – vbi)
12 = 5(vbf – 0)
vbf = 2.4 m/s

c) i) Due to action reaction, the force on the cube is the same as that on the ball but in the opposite direction so the impulse applied to it is –12 Ns.

Jon-cube = ∆pcube
J = m(vcf – vci)
–12 = 0.5(vcf – 26)       vcf = 2 m/s

   ii) since +, moving right
d)   ½ mvcf2 + ½ mvbf2 – ½ mvci2 =
154 J

e) Using projectiles … both take same time to fall since viy = 0 for both and distance of fall same for both
dy = viyt + ½ g t2
– 1.2 = 0 + ½ (–9.8) t2
t = 0.5 sec


Each dx is found using dx = vxt for each respetive speed of cube and ball.  
Gives  dx(cube) = 1m

dx(ball) = 1.2 m

so they are spaced by 0.2 m when they hit.
C1998M1.
a) use v = d / t for each interval
i) 1 m/s
ii) 0.6 m/s  iii) 0.2 m/s
b) Based on the pattern of the ʌ shapes of the ruler we can see the glider moves at a constant speed up until 0.70 s where the spacings start to change and it decelerates up until around the 1.3 second time where the speed becomes constant again.  So the first constant speed is the initial velocity of the glider (1 m/s) and the second constant speed is the final velocity of the glider after the collision (0.2 m/s)

c) )  i) Apply momentum conservation 

pbefore = pafter


mavai = mavaf + mbvbf
(0.9)(1) = (0.9)(0.2) + (0.6)(vbf )
vbf = 1.2 m/s

ii) Glider B is at rest up until 0.7 seconds where the collision accelerates to a final constant speed of 1.2 m/s



d)    i) The collision is elastic because the kinetic energy before and after is the same
ii) The kinetic energy becomes a minimum because the energy is momentarily transferred to the spring
C1991M1. - The geometry of this problem is similar to C1981M2 in this document.

a) First determine the speed of the combined dart and block using energy conservation.

  Kbot   = Utop 








½ mv2  = mgh

Then apply momentum conservation bullet to block collision
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perfect inelastic …pbefore = pafter





mvo= (m+Mo) v
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b) Apply Fnet(c) = mv2 / r, at the lowest point (tension acts upwards weight acts down)
Ft – mg = mv2/r
Ft = m(g+v2/r)
substitute v from above

Ft   =    (m+Mo) (g + 2gL(1 – cos θ) / L)    =    (m+Mo) (g + 2g – 2g cos θ) 
= (m+Mo) g (3 – 2 cos θ ) 

c) One way would be to hang the spring vertically, attach the five known masses, measure the spring stretch, and use these results to find the spring constant based on F=k∆x.  Then attach the block to the spring and measure the spring stretch again.  Fire the dart vertically at the block and measure the maximum distance traveled.  Similar to the problem above, use energy conservation to find the initial speed of the block+dart then use momentum conservation in the collision to find the darts initial speed.
C2001M1.
a) Pick velocity from the graph and use a = (vf  – vi ) /t
a = – 10 m/s2
b) The area of the force time graph gives the impulse which equals the momentum change.  You can break the graph into three triangles and 1 rectangle and find the area = 0.6 Ns = 0.6 kg m/s of momentum change
c) Using the value above.  ∆p = m ( vf – vi )

– 0.6 = m (–0.22 – 0.18)
m = 1.5 kg.  
The force sensor applies a – momentum since it would push in the negative direction as the cart collides with it.

d) ∆K = Kf – Ki = ½ mvf2 – ½ mvi2 = ½ (1.5) (0.182 – 0.222) = – 0.012 J

C2003M2.
a) Apply energy conservation      Utop = Kbot

mgh = ½ mv2
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b) Apply momentum conservation perfect inelastic

pbefore = pafter


Mvai= (M+M) vf

M (
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c) Even though the position shown has an unknown initial stretch and contains spring energy, we can set this as the zero spring energy position and use the additional stretch distance H/2 given to equate the conversion of  kinetic and gravitational energy after the collision into the additional spring energy gained at the end of stretch.


Apply energy conservation      K + U  = Usp (gained)


½ mv2 + mgh = ½ k ∆x2 
Plug in mass (2m), h = H/2 and ∆x = H/2

 (
½ (2m)v2 + (2m)g(H/2) = ½ k(H/2)2

plug in vf from part b 

m(2gH/4) + mgH = kH2/8  …. 


Both sides * (1/H) (   mg/2 + mg = kH/8    (
    3/2 mg = kH/8

k = 12mg / H

C2004M1.
a) Energy conservation with position B set as h=0.  Ua = Kb
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b) Forces at B, Ft pointing up and mg pointing down.  Apply Fnet(c)

Fnet(C) = m1vb2 / r

Ft – m1g = m1(2gL) / L

Ft = 3m1g

c) Apply momentum conservation perfect inelastic

pbefore = pafter


m1v1i= (m1+m2) vf
vf = 
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d) Projectile.  First find time to travel from B to D using the y direction equations 


dy = viyt + ½ g t2
L = 0 + gt2 / 2
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Then use vx = dx / t       
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The dx found is measured from the edge of the second lower cliff so the total horizontal distance would have to include the initial x displacement (L) starting from the first cliff.
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