1. Bewegingsvergelijkingen/Wetten van
Newton/Cirkelbeweging

P5.21

P5.46

(a) Isolate either mass

T+mg=ma=0
IT|= |rrsg|.

The scale reads the tension T,

S0

T =mg =500 kg(9.80 m/s”|=[490N |.

(b) Isolate the pulley

Tz_ +2TJ_ =0

I = 2-|T[| =2mg= .

(c) > F=n+T+mg=0

Take the component along the incline
n,+T, +mg,=0
or
0+T -mgsin30.0°=0

T =mgsin30.0°=

(Case 1, impending upward motion)

Setting
> F =0 Pcos50.0°-n=0
st, max = ;{5'”' ufﬂ, max = nl‘rSPCOS 50'00
=0.250(0.643)P=0.161P
Setting

S F,=0: Psin50.0°-0.161P—3.00(9.80) =
P =[486N

(Case 2, impending downward motion)

Asin Case 1,

fs, max = 0-161P
Setting

Y F,=0: Psin50.0°+0.161P-3.00(9.80) =

P [317X]

mg _ 5.00(9.80)

b1

7N\

K )

~—

lmnN

FIG. P5.21(a)
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P6.60 For the block to remain stationary, > F, =0 and ) F, =ma,. [—IZJT
I

" =[‘mP +m,)g so f<ugng = ;{sl[mlu +rrsb.:]g.
. o . } . - ) nyg mpg
At the point of slipping, the required centripetal force equals the \
maximum friction force:
Hy
2 ,
(:mp + ) Umax =,£15[(:mp +my g fe
e L
or U, = \.‘"gfsp‘g = N."I(U.T’SO )(0.120)(9.80) = 0.939 m/s. : |
For the penny to remain stationary on the block: mhgl myg
>, =0=>n,-m,g=0orn, =m,g
¥ F = Hy
2
and 'F, =ma, = f,=m, -
" tor
S =
When the penny is about to slip on the block, f, = f, max = #2112
.I!I — EJi‘ldX
OF gy =ty = g
Umax = V"‘;{Jz!’g = \,"I(0.52U ](0.120 ](9‘80] =0.782 Il‘ga"'s FIG. P6.60

This is less than the maximum speed for the block, so the penny slips before the block starts to slip.
The maximum rotation frequency is

: . Irev | 60s )
Max rpm = 72 = (0782 mys) -~ o0 | P1* |-[637 rev/min .
2ar " 272(0.120 m) |\ 1 min )

4

2. Behoud van impuls, energie en impulsmoment

P9.60 (a) The initial momentum of the system is zero, which
remains constant throughout the motion.
Therefore, when 11 leaves the wedge, we must
have

"]{Z-Dm'edge T Uplack =0 I AL,

or (3.00kg)v +(0.500 kg )(+4.00 m/s)=0

wedge
v

wedge

- Vil = 4.00 my/s
7z VI
(b) Using conservation of energy for the block-wedge- >t
Earth system as the block slides down the smooth
- FIG. P9.60

(frictionless) wedge, we have

[Kb[ock +U sy:tem]r + [Kwedge]l‘ = [Kblpck + r“rsystem]f +[Kwedge]

£
!

or [O + m-lgh] +0= [éml(i[l[llz +0i| +%m2(—0.667]2 which gives .



P8.10

P8.36

P11.35

Choose the zero point of gravitational potential energy of the object-spring-Earth system as the
configuration in which the object comes to rest. Then because the incline is frictionless, we have
Ez=E,:

KB +I_Ig3 +lISB :KA +lIg’A +LI5A

or U+mg(d+.\’]si.n€—0:0—O+%h’2.
. . kx?
Solving for d gives d=| —————x
2mgsing

> F, =n—mgcos37.0°=0

s =mgcos37.0°=400 N
f=un=0.250(400 N)=100 N
—fAx=AL .4

(=100)(20.0)= AU, + AU + AK, + AKg

AU, =m4g(hs —1;)=(50.0)(9.80)(20.0 5in 37.0°) = 5.90 x 10°

AUg =mpg(hy —1;)=(100)(9.80)(-20.0) = —1.96 x 10* A T

AK 4 :%HEA(.U% -v?)

l ( ) o &
AKg :EHJB(EJ% —U%]ZEAKH‘ =2AK, neg sin 37°
L Toom

. Y

377> mg cos 37°
ing“

Adding and solving, AK , =[ 392 K] |. m = 50.0kg

FIG. P8.36

() Li=mol ¥ 7o=0,50L;=L;=[mol]
Ly=(m+M)v:l

ht

( m
| .

m+M)

1 5
K =—mu
(b) erw

K).- = é(f\’i +m ]v%

nm

{ A
v = | |IJ = velocity of the bullet

\M+m ) FIG. P11.35
and block
Ly 1 m® 2 v
Fraction of K lost =2 Mo "3 M " M
Lynp* M+m

2



3. Wet van Coulomb/Het elektrische veld

P23.6 We find the equal-magnitude charges on both spheres:

2 — [
an 2 f I 1 1nd
F=k, (hg“ = ceq—j so  g=r fi =(1.00 m) | 100: 10 N2 __=105x107° C.
re re \ k, | 8.99x10” N.m*/C*

The number of electron transferred is then

1.05%107° C . )
Ny = il =6.59 10" electrons.
T 160x1077 Cfem

The whole number of electrons in each sphere is

100 g )
107.87 g/mol |

"tot:‘

(6.02 x10% atoms;"mof](il? e [atom)=2.62x10% ¢~

The fraction transferred is then

59%10% ) =
f :?,j . ig”‘ = 251%107 |=251 charges in every billion.
2.62x10° )

J

b Nuger _|
: l"\'Th:at'

P23.55 (a) Let us sum force components to find

/ E
> F,=qE,-Tsin6¢=0,and > F, =qE, +Tcosf-mg=0. x/ qE
/ ™/
Combining these two equations, we get / @
[F

. 1.00 %1072 )(9.80) g
g=—8 - (- _] _=100x10% C
(_E_Y cotd+E, | (3.00cot 37.0°+5.00) % 10° Free Body Diagram

= FIG. P23.55

(b) From the two equations for ' F, and »'F, we also find

GEX __ 41 103 =
T=—0"" _-544,10° N=[54mN .
o

/ . ) o arEn 3 dE
2 0150 mi k, A(—xi+0.150 mj)dx
P23.72 JE = — 'Jedj;" ! ‘ : ju+ 0.150 mj ‘: ( £
1~ +(0.150 m) a2+ (0.150 m]z | [,1'2 +(0.150 m]z] / . p"
' 0150 m AN
_ 0400 m (—xi+0.150 mj‘]rh' x
E= [dE=K,J ('- i 4
all charge x=0 [IZ +(0150 l'l"l]“] '
FIG.P23.72
0.400 m A 0.400 m
L +i (0.150 m)jx ‘
E= }\g/'. —,'I 3 > + ; > 5 = 5
Y~ +(0.150 m) o (0.150 m)”/x” +(0.150 m) 0

E=(89910° N-m?/C?)(35.0% 107 C/m)[i(234-6.67) m™ +j(6.24-0) m™']

E =(-136i +196j)  10° N/C =‘ (~1.361+1.96j) KN/C ‘



4. Wet van Gauss/Het elektrisch potentiaal

P24.19 If R<d, the sphere encloses no charge and @y = T _Tg

S

It R>d, the length of line falling within the sphere 1s 24R%-d?

2. P2 2
2ANR” —d
SO Q= —————
o
P57 (a)  E-dA=F(4r,?)=Tin Insulator
W \ ! EU
i 4 3 Y
For r<a, Gn=P —=7r
1 /)| 3 J 4

s0 E=| P | Conductor

35
For a<r<b and c<r, in = 0. _

FIG. P24.57

So =2 |

drr” g
For b=r=c, E=0, since inside a conductor.

(b) Let g; = induced charge on the inner surface of the hollow sphere. Since E=0 inside the

conductor, the total charge enclosed by a spherical surface of radius b <r < ¢ must be zero.

; 71 —-Q
Therefore, +0=0 and o = - .
nee Yam? | an?

Let g, = induced charge on the outside surface of the hollow sphere. Since the hollow

sphere is uncharged, we require
h I d

. D
gy +q,=0 and [ 2—4? 7= —4(‘ 3
Tc 2T C




5. Condensatoren

P26.21

P26.58

(a)

(b)

()

(b)

11,1 |
C. 150 3.00 189 300
u n
C, =2.50 uF 7 6.00 —
C,=250+6.00=8.50 /F IF ZuF
p -1 I
(1 1) _
C, = + =[5.96 4F
“ | 850 uF 200 uF J 1
2.50
Q=CAV =(5.96 4F)(15.0 V)=[895 4C | on 20.0 4F —~ " Hle
6.00 20.0
95 uF uF
AV:Q:M:@@\? H
C 200 uF

15.0-4.47=1053V ——F—
=CAV =(6. 1053V )=|63.2 ). 8.50 20.0
Q=CAV =(6.00 £F)(10.53 V) on 6.00 4F 0 200

5-63.2=|726 15 E: :
89.5-63.2 on 150 4F and 3.00 4F FIG. P26.21

We use Equation 26.11 to find the potential energy of the capacitor. As we will see, the
potential difference AV changes as the dielectric is withdrawn. The initial and final

QE
C.'

ht

(o2
energies are U, :%‘ and u; :%‘ %_ )

4 J

But the initial capacitance (with the dielectric) is C; = &C ;. Therefore, U, =K

—

{ Qz A
‘ C; )

i)
Since the work done by the external force in removing the dielectric equals the change in
‘ 1 (Q*) 1(0*) 1(0%)
potential energy, we have W=U, -U; = —K" 2 |- —‘ Q|- —‘ Q
) ! 21¢C ) 21¢ 21 C,

J

(c—1).

/ /

To express this relation in terms of potential difference AV, we substitute Q=C _,(:AT-"J- ), and

evaluate: W = éCf(AVJ- (-1 =%(’2.00 «107° F)(100 V)*(5.00-1.00)=| 400107 ] |.

The positive result confirms that the final energy of the capacitor is greater than the initial
energy. The extra energy comes from the work done on the system by the external force that
pulled out the dielectric.

d
c,’

T "_C!. —C (AT . 7o ATS =5 =15
Substituting C; = . and Q=C;(AV}) gives AV, =xAV; =5.00(100 V)= .

Even though the capacitor is isolated and its charge remains constant, the potential
ditference across the plates does increase in this case.

The final potential difference across the capacitoris AV, =




P26.72  Assume a potential difference across a and b, and notice that the potential difference across the
8.00 u4F capacitor must be zero by symmetry. Then the equivalent capacitance can be determined

trom the following circuit:

4.00 uF 4.00 uF

B b . a 6.0?I uF 6.0?=_uF b _ '5_“2'0 uF b
2.00 uF 2.00 uF
FIG. P26.72
6. Elektrische stroom
P27.56  We find the dnft velocity from I=nqu;A=nqu;zr >
I 1000 A _
vy = = : — 3 =2.34%107F m/s
MTTT 8.49x10% m~(1.60 x 107 C)7{107* m)
X X 200x10°
p=> t=Z= ————=854x10% s=[27.0yr
t v 234x107° m/s '
P28.59 Let the two resistances be x and y. X 1/

Then, R, =x+y= % —M:Q.OO Q ¥=9.00Q-x Vi '

I* (5.00A)

-

xww Y B00W

and R,=——==5-= ==2.000Q

Tox+y I (5.00A)

x(9. —x 2
o 0009270 g % ~0.00x+18.0=0.

x+(9.00 Q-x) FIG. P28.59

Factoring the second equation, (x—6.00)(x-3.00)=0
S0 x=06.00 Q or x=3.00 Q.
Then, y=9.00 Q- x gives ¥=3.00Q or ;=600 Q.

The two resistances are found to be | 6.00 ©2 | and

3.00 Q |




P28.21

P28.71

We name currents I, I,, and Iy as shown. 3;.9‘ Q

From Kirchhoff's current rule, Iy =I; +1,. Lo 5{;;; ' 1.00 f
Applying Kirchhoff's voltage rule to the loop containing I, and I3, b “ 2 3h
12.0 V- (4.00)I3 —(6.00)I; —4.00 V=0 8.50 1‘80 12.0
8.00=(4.00)I5 +(6.00)I, 4'\UFU N T
Applying Kirchhoft's voltage rule to the loop containing I; and I, FIG. P28.21

—(6.00)I, —4.00 V+(8.00)I; =0 (8.00)I; =4.00+(6.00)I,.
Solving the above linear system, we proceed to the pair of simultaneous equations:

|81, = 4+61, of |1, = 1331, - 0.667
and to the single equation 8 =4[, +13.31; - 6.67
1= W7V _ 0.846 A. Then I, =1.33(0.846 A)—-0.667
173 Q -
and I, =1 +1, give | I, =846 mA, I, =462 mA, I3 =131 A |.

All currents are in the directions indicated by the arrows in the circuit diagram.

(a) After steady-state conditions have been reached, there is no DC current through the
capacitor.
Thus, for Rj: I, =0 (steady-state) ‘

For the other two resistors, the steady-state current is simply determined by the 9.00-V emf
across the 12-k2 and 15-kQ resistors in series:

£ 9.00V .
For Ry and Rj: I g = =— — =| 333 uA (steady-state) ‘
Watha) Ry +R, (120kQ+15.0 kQ) - -
(b) After the transient currents have ceased, the potential 12.0 kQ
difference across C is the same as the potential S R, C 11 01':0
difference across R, (=IR, ) because there is no voltage .
drop across R;. Therefore, the charge Q on Cis ETO.00V Ili_{; 2R, R, 1220
Q=C(AV), =C(IRy)=(10.0 4F)(333 tA)(15.0 kQ)

:. FIG. P28.71(b)

continued on next page



(c) When the switch is opened, the branch containing R; I, (mA) Switch

is no longer part of the circuit. The capacitor discharges 0333 ¥ opened

through (R, + R3 ) with a time constant of

(Ry +R3)C =(15.0 kQ+3.00 kQ)(10.0 xF)=0.180 s. The 0278  ——

initial current I; in this discharge circuit is determined \

by the initial potential difference across the capacitor T~

applied to (R, + R; ) in series:
_ AV IR, (333 pA)150kQ) 78 LA FIG. P28.71(c)
" (Ry+R3) (Ry+R;) (15.0kQ+3.00kQ) o

Thus, when the switch is opened, the current through R, changes instantaneously from
333 pA (downward) to 278 pA (downward) as shown in the graph. Thereafter, it decays
according to

Ip, =L (RerRelc :‘ (278 1A )e™ 1180 (for ¢ 0) \

>
(d) The charge g on the capacitor decays from (J; to % according to

-#(R;+R;)C
e .'"[l 2+Ra)

q=Q;
Qi _ 0.\ 01805)

o

+0.180 s
5 = /0180

B t
180 ms

£=(0.180 5)(In5)=] 290 ms |

Inb

7. Magnetisme

P29.64  Call the length of the rod L and the tension in each wire alone g Then, at equilibrium:
> F, =Tsin@-ILBsin90.0°=0 or T'sin@=1ILB i
Z_Fy:]"cosﬂ—mg:[}, or Tcos@=mg

ILB  IB B (m/L)g

or

tanf& =

tand= AIg tan @

mg - (m/L)g




P29.17

P30.21

The magnetic force on each bit of ring is

Ids x B = IdsB radially inward and upward, at
angle &above the radial line. The radially
inward components tend to squeeze the ring
but all cancel out as forces. The upward
components IdsBsin @ all add to

I2zrBsinfup |.

FIG. P29.17
Each wire is distant from P by

(0.200 m) cos 45.0°=0.141 m.

Each wire produces a field at P of equal magnitude:

ol [200x107 T-my/A)(5.00 A)
T 2ra (0.141 m)

A =7.07 uT.

Carrying currents into the page, A produces at P a field of
7.07 fl to the left and down at —135°, while B creates a tield
to the right and down at — 45°. Carrying currents toward
you, C produces a field downward and to the right at — 45°,
while D’s contribution is downward and to the left. The FIG. P30.21
total field is then

4(7.07 4T)sin45.0°=| 20.0 uT | toward the bottom of the page

@




P30.67

By symmetry of the arrangement, the magnitude of the net magnetic field
at point P is B =8B;, where B is the contribution to the field due to

. L
current in an edge length equal to Y In order to calculate By, we use the T
2 L
Biot-Savart law and consider the plane of the square to be the yz-plane with l
point P on the x-axis. The contribution to the magnetic field at point P due ¥
to a current element of length dz and located a distance z along the axis is
given by Equation 30.3.

FIG. P30.67

_tol
2

4z 7 =
From the figure we see that

By

TR R (L7 /4)+ 7
r= \III.T“ + [14/4] +z° and |n”f * r| =dzsinf@=dxz ||ﬁ .
' / \| (_L“J/4]+r 4z
By symmetry all components of the field B at P cancel except the components along x
(perpendicular to the plane of the square); and

)

By, = Bj cos ¢ where cos ¢ = ———.
[(L%/4)+ x*
LA

L2 . ,
177 sin@cos ¢d
Therefore, By, = iio | SMPcos e c;.-s L and B= 8B;, .
T 4 r

Using the expressions given above for sinfcos ¢, and r, we find
Bt
2a(x7 + (L7 /4)) y X +(%/2)




