AP Physics Problem Set Solutions - Chapter 23 — Mirrors and Lenses Mr. McMullen
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From the spherical-mirror equation or the thin-lens equation, ot T e have
L1 L dof o o %l i used in the solutions of i
d=Fd, T dof rod= .t is is used in the solutions of many exercises.
(b).
(b).
(©).

Itis | infinite, because it cannot focus light to a point|.

(a) Image distance equals object distance. The distance from object to image is 2.0 m + 2.0 m = [4.0 m].

(b) [ Upright, virtual, and same size|.
A=a’, & a=/A =\/900cm’ =30cm=0.30m.
- : d+045m+045m _ 0.45m _
Use similar triangles. 850m =%30m: & d= .

Image 0.30m Object

8.50m
Eye

<——><—>
0.45m 0.45m

<> <>
d d

(a) Image distance equals object distance, and so it is | 1.5 m behind the mirror|.
(b) The image also moves at 0.5 m/s toward the dog, and so the relative velocity of the dog to the image is

0.5m/s+0.5m/s = .

(a) The mirror needs to be half as tall as the object as explained in Example 23.7. So it is tall.

(b) It is independent of object distance, and it is still :

(d).

(a).

(a) concave. A shaving mirror forms larger images then object. Plane and convex mirrors cannot form
larger images.

(a) The plane mirror gives a large view of the area immediately around that side of the truck. The small
convex mirror gives a wide-angle perspective of the road in back of both sides of the truck (but the image is
smaller).

(b) These are convex mirrors that give a better field of view, but also images are smaller than objects (so
the image distances are smaller than object distances) and hence appear closer than they actually are.

(c) Yes, it can be considered as a converging mirror, because it collects a large amount of radio waves and
focuses them onto a small area.

_ _R _30cm _ _df  (20cm)(15cm)
d,=20cm, f=—"=—">—=15cm. di_do—f_ 20 om - 15 om __

d  60cm _ B B B )
M= - d, =~ 20cm - -3.0. So h;=Mh,=-3.0(3.0cm)=-9.0cm. Itis|9.0 cm| tall.
(10 cm)(15 cm) - _ =30cm _
i = :-—SOcm. M=—-——""—=+3.0.
d 10cm—15cm 10 cm

So h=+3.0(1.5cm)= 19.0 cm; virtual, upright. and magnified.

. . 1 1 1 1 1 1
(@) do=5.0cm, d; =-10 cm (virtual image). =0, + & = 50cm + “Toom - 10cm
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so f=|10cm|, and R=2f=.

(b)M:—%:—glgccr?Hz So  h;=Mh,=+2 (L5 cm) = [3.0cm).

(a) See diagram below.
1

) f=o =30 5 cm gy=200m g =—Sel - (20emddem) _ mren

2= 2 do—f _ 20cm-—15cm
_ d  60cm _ -
M === "200m = [-3.0, real and inverted|.
_ _Gof 4 f _9
di= T For concave, M=--3-= -y =+18, & f=7d.

For convex, we replace f with —|f| = .
__ft 94d, 9 _
So M=t g =g +q, - 13 - 289

[Yes], it is possible. One is a real image, and the other is a virtual image.

R 4
== Ozcm_ =20cm, M =43.0, the + is for a virtual image, and the — is for a real image.
_ 1.1 1 L 1, 1
0i=~Mdo=¥3.0do. F=37+q0 S Z0em - d, T 73.00,"

3F1 1 . ~20ecm __ .
or 3d, - 20cm- Solving, d,= 3 (3F1)=|13cmor 27 cm|.

(©).
(d).
(d).

When the fish is inside the focal point, the image is upright, virtual, and magnified.

. If the object is inside the focal point (), the image of a real object is virtual, upright, and
magnified.
You can | locate the image of a distant objectl. The distance from the converging lens to the image is the

focal length. , the same method won’t work for a diverging lens because a diverging lens does not
form real images of real objects.
The object distance should be between the focal length and twice the focal length, i.e., [ 2f > d, > f[. In this

region, the image is real, inverted, and magnified.
(@f=12cm, M=-2.0((real). d;=—Md,=2.0d,.

1 1 1 1 1 3 3. 3
F 4t a0 T 200, "2dp ¢ G=7f=7(12em=[18cm]
b) M = +2.0 (virtual).  d; = — Md, = —2.0d.

1.1, Lt .- dy= = f=— (12 cm) = [6.0 om]
f=d, " 204, - 2d,” & =7 -2( cm) = |6.0 cm].

dof 30 —45
(@d,=30cm, f=—-45cm. di=—" - (30 cm)( cm)_.

" dy—f  30cm-—(-45cm)

~
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_(30cm)(57cm) _
(b) d; = 30 cm)(57 cm _.

30cm—57 cm
__duf,  (50cm)(30cm)
Forly, dn= dy—f,  50cm-—30cm 75 cm.
dis 75cm

M; =— s =~ B50em - —1.5. The image by L, is the object for L.

ForL,, d, =d—dj=60cm—75cm=-15cm, where d is the distance between the lenses. A negative
object means that the “object” is on the image side.

__dpf, _ (-15cm)(20cm) _ _ dy  857cm _
G2 =g, —f, = —15cm—20 cm =[86cm]. M= 4y = “15em - 07

S0 My = My M, = (—1.5)(0.57) = —0.86 = | 0.86; real and inverted|.

(b).
(b).

(b). It cannot focus light or the focal length is at infinity.

|+a +; +: 0, +: T T T P, +9_|'
1 1

1 1
1 1.1 1,1
P:T:(n_l)(R1+R2J:(1-35_1)(oo+—0.50 mj:-

doafi  (15cm)(10 cm)

For the firstlens, d,;=15cm, f;=10cm. dj= .-, 15cm—10cm =30 cm.
diy 30cm . . . .

My=——F—=- =-2.0. The image of the first lens is the object for the second lens.
do1 15cm

For the second lens, dg,, =d —d;; =60 cm — 30 cm = 30 cm, where d is the distance between the lenses.
dof; (30 cm)(20 cm)

dip = G-, - 30cm-200m - [ 60 cm to right of second lens].
d; 60 -
M,=-—%=- 20 22 =-2.0.  Mygw =M; M, = (-2.0)(-2.0) = [ 4.0, real and upright|.

doZ




