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Physics 132: Lecture 19Physics 132: Lecture 19Elements of Physics II
 Agenda for Today Converging lensConverging lens Diverging lens Lens Equation
 Physics 201: Lecture 1, Pg 1
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Snell’s Law
 When light travels from one medium to another the speed changes v=c/n, but the frequency is constant.
 So the light bends: n1 sin(1)= n2 sin(2)
 n11
 n2
 1
 2
 Physics 201: Lecture 1, Pg 2
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Converging Lens
 All rays parallel to principal axis pass through focal point F
 n1 n1
 >P.A.
 F
 n2>n1
 F
 Physics 201: Lecture 1, Pg 3Double Convex
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Converging Lens Principal Rays
 F I
 F
 F
 Object
 ImageP.A.
 1) Rays parallel to principal axis pass through focal point1) Rays parallel to principal axis pass through focal point.2) Rays through center of lens are not refracted.3) Rays through F emerge parallel to principal axis.3) Rays through F emerge parallel to principal axis.
 Image is real, inverted and enlarged
 Physics 201: Lecture 1, Pg 4
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Ray tracing for a converging lens
 Thi ld b d iThis could be used in a camera
 This could be used as a projector
 This is a magnifying glass
 Physics 201: Lecture 1, Pg 5
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Lens Equation
 F
 do
 F
 F
 Object
 ImageP.A.
 f
 fdd io
 111
 di
 fio
 do = distance object is from lens (+ in front - behind)
 di = distance image is from lens (+ behind - in front)di distance image is from lens ( behind in front)
 f = focal length of lens (+ converging - diverging)
 111 d
 Physics 201: Lecture 1, Pg 6cm 1011
 cm 151
 id cm30id
 o
 i
 ddm 2
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Clicker Question 1:
 A lens creates an image as shown In this situation theshown. In this situation, the
 object distance d0 is
 A L th th f l l th fA. Larger than the focal length f.B. Equal to the focal length f.C Smaller than focal length fC. Smaller than focal length f.
 Physics 201: Lecture 1, Pg 7
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A lens produces a sharplyClicker Question 2:
 A lens produces a sharply focused, inverted image on a
 screen. What will you see on the yscreen if a piece of dark paper is lowered to cover the top half of
 the lens?the lens?
 A. An inverted but blurry image.y gB. An image that is dimmer but
 otherwise unchanged.C. Only the top half of the image.D. Only the bottom half of the image.
 Physics 201: Lecture 1, Pg 8
 E. No image at all.

Page 9
                        

PCQ: Clicker Question 3:
 Physics 201: Lecture 1, Pg 9
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Diverging Lens Principal Rays
 F
 F
 F
 Object Image
 P.A.
 1) Rays parallel to principal axis pass through focal point
 Image
 1) Rays parallel to principal axis pass through focal point.
 2) Rays through center of lens are not refracted.
 3) Rays toward F emerge parallel to principal axis.
 Physics 201: Lecture 1, Pg 10
 Image is virtual, upright and reduced.
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Clicker Question 4:Light rays are converging to
 point 1. The lens is inserted into the rays with its focal point atthe rays with its focal point at point 1. Which picture shows
 the rays leaving the lens?y g
 Physics 201: Lecture 1, Pg 11
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Clicker Question 5:
 A parallel beam of light is sent through an aquarium. If a i l l i h ld i th t it f th bconverging glass lens is held in the water, it focuses the beam
 A. closer to the lens thanB. at the same position asC. farther from the lens than
 outside the water.
 Physics 201: Lecture 1, Pg 12
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Clicker Question 6:
 You look through a lens at this page and see the words enlarged and right side up Is the image you observe real orenlarged and right-side up. Is the image you observe real or
 virtual? Is the lens converging or diverging?
 A. Virtual image, converging lensB. Virtual image, diverging lensC. Real image, converging lensD. Real image, diverging lens
 Physics 201: Lecture 1, Pg 13
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Clicker Question 7:The parallel light ra s ill be foc sed at aThe parallel light rays will be focused at a point _______ the second lens than would light focused by the second lens g yacting alone.
 A lA. closer toB. the same distance fromC farther fromC. farther from
 Physics 201: Lecture 1, Pg 14
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Lenses in Combination
 The analysis of multi-lens systems requires only one new rule: The image of the first lens acts as the object for the second lensthe second lens. Below is a ray-tracing diagram of a simple astronomical
 telescopetelescope.
 Physics 201: Lecture 1, Pg 15
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Clicker Question 8:An object is placed 20 cm to the left of a 2-lens system of
 convex lenses. The left lens has a focal length f1 = 12 cm. The right lens has a focal length f2 = 18 cm. The lenses are g g 2 40 cm apart. Where is the final image located?(a) 30 cm right of lens #1(b) 22 5 cm left of lens #2(b) 22.5 cm left of lens #2(c) 22.5 cm right of lens #2(d) 15 cm right of lens #2(e) at infinity(e) at infinity
 Physics 201: Lecture 1, Pg 16
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The Eye The human eye is a complex optical instrument. Refraction in the cornea, in the fluids of the eye , y
 ("humors"), and in the lens should form an image on the retina. Most of the refraction occurs in the cornea Most of the refraction occurs in the cornea. The lens changes shape to
 adjust for different objectdidistances. Special cells in the retina
 respond to light by sendingrespond to light by sendingelectrochemical signals tothe brain through the opticnerve.
 Physics 201: Lecture 1, Pg 17
 nerve.

Page 18
                        

Vision Correction
 A nearsighted eye focuses light from distant objects in front of the retina. A diverging lens corrects the problem A diverging lens corrects the problem.
 A farsighted eye focuses light from nearby objects behind the retina. A converging lens corrects the problemA converging lens corrects the problem.
 The power of corrective lenses is measured in diopters: P = 1/f with f measured in metersP 1/f, with f measured in meters. A 1-diopter lens has f = 1 m, a 2-diopter
 lens has f = 0.5 m.
 Laser vision correction achieves the same effects by reshaping the cornea.
 Physics 201: Lecture 1, Pg 18
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Microscopes Compound microscopes use two lenses—the objective and the
 eyepiece—to produce magnified images of small objects. The magnification is The magnification is
 Physics 201: Lecture 1, Pg 19
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Refracting Telescopes Refracting telescopes use two lenses—the objective and the
 eyepiece—to produce images of distant objects. The relevant measure of magnification is the angularg g
 magnification, the enlargement of the angle subtended by the object at the eye: m = f0/fe.
 More important is the telescope's light-gathering ability, d t i d b th f it i li ht th i l tdetermined by the area of its primary light-gathering element, here the objective lens.
 Physics 201: Lecture 1, Pg 20
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Reflecting Telescopes All large telescopes are reflecting
 telescopes, using mirrors as the primary light-gathering elements.g g g Reflectors come in many configurations. The newest have huge, multipart mirrors
 that can adjust to compensate forthat can adjust to compensate for atmospheric turbulence.
 Artist's conception of the Thirty Meter Telescope, whose mirror consists of
 Physics 201: Lecture 1, Pg 21
 492 segments. Expected to be operational by 2020.
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