CTF. DOC

(last update Sep 15, 1988)

CONTENTS

A. | NTRODUCTI ON
B. PROGRAM COPTI ONS

A. | NTRODUCTI ON

CTF is a programfor plotting phase contrast transfer
functions on the graphics screen. The programis designed with a
noder at e amount of flexibility to allow the user several choices
as to how to design specific plots.

The basic equations for calculating the phase CTF cone from
articles by H P. Erickson and A Kl ug ("Masurenent and
Conpensati on of defocusing and Aberrations by Fourier Processing
of Electron M crographs” (1971) Phil. Trans. Roy. Soc. Lond.
B261: 105-118) and D. L. Msell ("Inmage Anal ysis, Enhancenent and
Interpretation” (1978) Pract. Meth.El ec. Mcrosc. 7:1-305).

The function plotted is sin[CH (a)], where
CH (a) = (2*PI/lanbda) * (-0.25*Cs*a**4 + 0.5*df *a**2)
CH (a) is the phase shift which the scattered el ectron wave
undergoes at the diffraction plane of the m croscope due to the

effects of defocus and spherical aberration. The phase shift is a
function of the scattering angle, a.

a = scattering angle (radians)

| anbda = el ectron wavel ength (nm or pm

Cs = spherical aberration coefficient (nm

df = defcous (positive for a weak or underfocused | ens)

(nm
The plot shows the values of sin[CH (a)] from-1.0 to 1.0 on
the ordinate verses spatial frequency on the abcsissa (tic marks

are plotted every 0.1/nmunits, with larger tic marks at 1.0/ nm
units).

B. PROGRAM OPTI ONS

TOUCH KEY options avail abl e incl ude:



Set spherical ABERRATI ON coefficient val ue
ERASE gr aphi c screen

Change COLOR of curve

DI SPLAY (draw curve)

Set DEFOCUS val ue

LI ST vari abl e val ues & ot her paraneters
Set PLOT paraneters

Set RESOLUTION (abscissa) limt

Set accel erati on VOLTAGE val ue

EXIT program

MmM<OVTrTMOoOOT>

OPTION A:  Set spherical ABERRATI ON coefficient val ue

Enter a REAL*4 value (in mmunits) for the spherica
aberration coefficient for the objective lens of the mcroscope
whose CTF is being plotted (DEFAULT VALUE = 2.0 nm. Most
m cr oscope manufacturers list the Cs for the objective |enses they
use in their brochures.

OPTION B: ERASE graphi c screen
This sinply erases the ENTIRE graphics screen.
OPTION C.  Change COLOR of curve

This allows the user the option of changi ng col ors when
mul tiple CTF curves are plotted. The program DEFAULT val ue for
the initial curve color is yellow (RGB = 255, 255,0), using col or
tabl e position #3 (Position #0 is reserved for setting the
background color, currently hardwred to a dark blue col or;
Position #1 is reserved for drawing the axes, tic marks and box
outline in white; Position #2 is reserved for the grid Iines which
are mediumgrey in color).

Each tinme the user chooses this option, the programtries to
make an "intelligent" guess at new values for RGB, and it uses the
next position in the color table. These values are given as
DEFAULT pronpts, but the user can override themif desired. After
entering | NTEGER val ues for RGB the user enters an | NTEGER val ue
to choose which color |ook-up table position to use.

OPTION D: DI SPLAY (draw curve)

This activates the drawing of the curve using the current
paraneters set for the various variables which can be |listed using
option "L".



OPTION E:  EXIT program

This term nates the CTF program
OPTION F: Set DEFOCUS val ue

Enter the defocus value as an I NTEGER nunber (in nmunits).
A negative value corresponds to a strong or overfocused | ens,
whereas a positive value corresponds to a weak or underfocused
|l ens. A defocus value = 0 corresponds to the condition of "near"
focus, where the phase contrast is very mninmal. A value of +90
nm corresponds to the optimal defocusing value for high resolution
phase contrast mcroscopy (but not of practical use for negative
stain or frozen-hydrated speci nen i magi ng).

OPTION L: LIST variable values & other paraneters

This lists the current values of all the variables used to
conpute the CTF curve. |In addition, information about the
positions of zeroes in the CTF are listed, and, in the case of
under focusing (positive defocus value), the position of the first
maxi mumin the curve is printed. The output at the term nal |ooks
sonmet hing |ike:

Accel erating vol tage = 10000 volts
El ect ron wavel engt h = 0.003709 nm
Spherical aberration coefficient = 2.0 Mm
Def ocus (underfocus) = 300 nm
Hori zontal scale factor = 1. 000
Vertical scale factor = 1. 000

GRID lines [not] drawn on pl ot
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* Zeroes in the CTF *
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1st zero at infinite nm

2nd zero at 1.032 nm
3rd zero at 0.711 nm
4t h zero at 0.563 nm
5th zero at 0. 469 nm
First maxi num of CTF at 1.492 nm

OPTION P: Set PLOT paraneters

First enter REAL*4 val ues for XSCALE and YSCALE which are
pl ot scale factors for the abscissa and ordinate directions.
(DEFAULT = 1.0,1.0). Wen XSCALE or YSCALE are changed, the new
val ues becone the default values. Note that, when XSCALE, YSCALE =
1.0,1.0, the overall dinension of the plot area will be about 1000



x 500 pixels. Thus, if for instance XSCALE is set = 2.0, a mmjor
part of the curve will not appear on the graphics screen.

Next specify where the center of the plot is to be displayed
( DEFAULT XCEN, YCEN = center of the graphics screen: For the 1280 x
1024 pi xel LEXI DATA graphics device, this is at the position
640, 512). If you change either XCEN or YCEN then the new val ues
becone the default val ues.

Finally, you have the option to draw grid |ines (both
absci ssa and ordinate) on the plot. (DEFAULT = draw the grid
lines; 1 = suppress the grid lines). If you opt to draw the grid
lines, they will be drawn at a spacing equal to the tic-marks
al ong the abscissa and at val ues of -0.75,-0.50,-0.25,0.25,0.50
and 0.75 along the ordinate axis. Both sets of grid lines are
drawn. There is no current option to plot one or the other.

OPTION R Set RESCLUTION (abscissa) limt

Enter a REAL*4 value for the highest spatial frequency to
plot (in 1/nmunits) (DEFAULT = 1.0/nn). For exanple, if you only
want to plot the CTF out to a resolution of 2.0 nm then type 0.5.
If you want to plot the CTF all the way out to 0.25 nmresol ution,
then type 4.0. Realize, however, that depending on the val ues of
pl ot scale factors (XSCALEF and YSCALEF, see option "P"), part of
the CTF curve nmay not appear within the boundary of the graphics
screen.

OPTION V: Set acceleration VOLTAGE val ue

Enter a REAL*4 value for the m croscope accel erating voltage
(in kV units) (DEFAULT = 100.0 kV). Wth all other conditions
bei ng equal, a higher value for the accel erating vol tage causes
the first maxima of the CTF to shift to higher spatia
frequenci es.



